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Abstract
The paper emphasises the potential of the autonomy-oriented approach as a scientifi c basis for the development of 
innovative training practices in medical universities of Russia. Based on a review of research, theory, and current 
teaching practices in Professor V.F. Voino-Yasenetsky Krasnoyarsk State Medical University, the paper considers both 
theoretical and practical aspects of the autonomy-oriented approach implementation in higher medical education. 
The benefi ts of the autonomy-oriented approach for both undergraduate and postgraduate medical students are 
demonstrated from the perspective of the Self-Determination Theory. Our fi ndings indicate that the autonomy-oriented 
approach in higher medical education is associated with a more “personalised” teaching style through supporting 
students’ self-determination, engagement and autonomy. The summative evaluation of the results of the study with 
participation of 54 medical students and 33 medical university teachers suggests that the use of the autonomy-oriented 
approach in higher medical education leads to effective implementation of creative, innovative, contextual and problem-
based training techniques as well as students’ and teachers’ personal and professional self-development.
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Introduction

The current Russian system of higher medical education is 
undergoing a variety of progressive changes. Among these, 
of special note is implementation of new methods and forms 
of training organisation (workshops, case-studies, video-
conferences, academic exchanges, counselling, various types 
of distance learning courses and networking cooperation, 
etc.). Nevertheless, this system remains insuffi cient in view 
of some factors.
First, despite the presence of positive educational initiatives in 
contemporary Russian theory and practice of higher medical 
education, there is lack of a holistic and comprehensive 
approach to teachers’ and students’ personal and professional 
development problem;
Second, most of training courses are organised on the 
basis of the formal approach and are oriented toward formal 
transition (using traditional forms and methods of training) of 
a certain volume of information to students but not toward 
achievement and development of students’ competences and 
their professional growth;
Third, the present level of knowledge, the student’s personal 
potential are not always considered when medical training is 
organised;
Fourth, there are many university teachers who are not ready 

Corresponding author: O. Gavrilyuk

E-mail: oksana.gavrilyuk@mail.ru

to face the modern challenges of higher medical education, 
completely rethink traditional study goals and strategies of 
teaching in order to provide optimal challenges for students, 
ensure a diversity of learning experiences, built in accordance 
with the possibilities and the needs of all student categories, 
making students feel competent, supporting their autonomy 
[1-2] and internationalising the content of higher education [3].
Fifth, despite proclaimed transformation of the whole 
healthcare system from one-size-fi ts-all approach into a 
subject-oriented one [4], in the current situation of basic 
values revision scientifi c achievements in the practice of 
healthcare often lead to the dehumanisation of medicine 
and, consequently, medical education [5]. Accordingly, it is 
vital to fi nd relevant scientifi c basis for new training practices 
to develop future doctors’ humanistic and values-based 
attitude to patients and their health. 
Another concern regarding contemporary medical education 
is the problem of medical students’ readiness for self-directed 
lifelong learning which is reported to be an integral part of 
medical professionalism [6]. 
To make higher medical education more responsive to the 
changes taking place in the medical community, it is critical to 
completely rethink traditional study goals and strategies and 
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teachers (2015-2016) and advanced training programme for 
10 teachers of Medical English – members of the KrasSMU 
Linguistic Centre (2016-2017). 

Results

Our research results make it possible to suggest that the 
autonomy-oriented approach in higher education represents a 
methodological approach to the training process organisation 
that fosters both students’ and teachers’ autonomy through 
supporting their personal involvement into the training process 
as well as their personal responsibility for its results.
In view of this, the choice of the autonomy-oriented approach 
as a scientifi c basis for the development of innovative training 
practices in medical universities is fi rst of all determined by 
the content of the “autonomy” notion. 
Autonomy in healthcare practice is reported to allow junior 
doctors to feel ready for more senior, unsupervised roles, to 
work more in diffi cult scenarios involving team leadership and 
risk acceptance [10]. Autonomy in the educational context 
is associated with creation of a new, subject-oriented type 
of education [21], growth of one’s independence, personal 
empowerment, ability to make decisions and choices [22, 23]. 
A lot of modern conceptions of autonomy in education 
emphasise teachers’ or/and students’ capacity to take control 
of their own activities through planning, making choices and 
taking responsible decisions. As it was revealed, perceived 
autonomy represents a high-level competence, which allows 
teachers and students to take control of their activities and 
to develop as self-determined and socially responsible 
educational actors. 
Autonomy is associated with a set of personal characteristics, 
including intrinsic motivation to professional achievement 
and personal and professional development, internal 
locus of control, responsibility, creativity, ability to set goals 
make decisions and to make choices, ambiguity tolerance 
and critical mindfulness. Within the framework of medical 
education, it makes processes of learning and teaching inner-
directed, and, consequently, desirable and enjoyable both for 
students and teachers [24].
In terms of theory, implementation of the autonomy-oriented 
approach is based on personalisation of the educational 
process within the framework of personality-oriented paradigm 
of higher education. Such personalisation requires the use 
of novel educational techniques in students’ training as well 
as in advanced training for teachers. These new techniques 
should be aimed at formation of students and teachers’ 
personal attitude towards the educational process and based 
on the mechanisms of dialogue, refl exivity and cooperation, 
providing educational actors’ personal involvement into the 
training process and their personal responsibility for its results.

follow the ideas of a humanistic education model, based on 
student-centred approach and “transformational pedagogy” 
[7, 8]. Prioritising innovative, proactive and creative human 
nature, this model puts emphasis on interests of the students 
with consideration for their personal experience, inclinations, 
abilities, and ensures practice-based and personality-oriented 
implementation of new educational technology [9] to develop 
future doctors’ humanistic qualities and their professional 
autonomy [10]. 
Therefore, an acute necessity is emerging today to develop 
scientifi cally grounded personality-oriented training practices 
that may be used in higher medical education. Following the 
presented statements, the aim of this article is to explore 
the autonomy-oriented approach as a scientifi c basis for 
the development of innovative training practices in medical 
universities of Russia.

Methods

Taking into account that teaching is suggested to be an important 
factor infl uencing students’ motivation and performance [11-
13] and teacher’s personal qualities are reported to be more 
important in motivating students than the teaching methods 
and classroom management practices [14-15], we studied the 
potential of students and teachers’ autonomy in the context 
of higher education [16-18] using analytical and descriptive 
methods of the literature review. Modern approaches and 
technologies for organisation of student-centred training in 
higher education have been explored as well [7, 8, 19]. The 
study problem required a more detailed exploration of R. 
Ryan & E. Deci’s self-determination theory (SDT), in which 
self-determination is considered as feeling and realisation of 
freedom in person’s choice of behaviour and existence in the 
world independently from external environment and inner-
personal processes effects [20].
In addition to psychological and pedagogical theory 
studying, this research included analysis of modern higher 
medical education practice, which was conducted within the 
framework of open discussions in pedagogical conference 
workshops and round-table discussions with participation 
of the university faculty (10 teachers of medical English – 
members of the Linguistic Centre of Professor V.F. Voino-
Yasenetsky Krasnoyarsk State Medical University (KrasSMU) 
and medical students – members of the KrasSMU Centre for 
Intercultural Communication (54 medical students, including 
44 fi rst- and second-year students and 10 postgraduates) in 
2013-2017. 
The practical aspects of the autonomy-oriented approach were 
also investigated through applying the ideas of autonomy-
oriented education to the introduction of the “School of 
the young teacher” course for 23 young medical university 
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Applying the ideas outlined above to teaching practice at a 
medical university and based on the literature review, we 
specifi ed the core characteristics of the autonomy-oriented 
approach compared to the traditional approach to teaching 
in Table 1. 
Analysing the revealed characteristics of the autonomy-
oriented approach within the modern educational context 
allowed us to assume that using the autonomy-oriented 
approach in medical universities can stimulate certain 
changes in both teachers and students. The most important 
of these changes is the transformation of their external locus 
of control into the internal one. 
To achieve this transformation, the following conditions are to 
be provided in the university educational environment:
1. Ensuring teachers’ and students’ awareness and a deep 
understanding of the educational process characteristics based 
on maximal accessibility of information about aims, goals, 
processes, methods of learning outcomes evaluation, etc.;
2. Providing opportunities for students’ and teachers’ personal 
and professional development by means of organisation of 
their access to a wide range of data resources;
3. Empowering teachers and students to actively participate 
and succeed in different aspects of educational, scientifi c and 
other types of activity and thus stimulating their responsibility 
(in contrast to accountability) for educational outcomes; 
4. Organisation of an effective system of feedback between 
the administration of the university, the teaching staff, and the 
students;

5. Providing both students and teachers with opportunities for 
making choices of forms and types of activities, as well as 
opportunities for self-expression and creative work, including 
their participation in the development of the university 
educational environment;
6. Supporting teachers’ and students’ self-esteem and 
stimulating their positive professional competition by means 
of a rating (portfolio) system implementation;
7. Stimulation of interaction between teachers and students 
both inside the university educational environment and 
outside of it and their involvement in innovative activities.
The autonomy-oriented approach to the organisation of 
training in medical universities was seen as benefi cial by all 
the study participants who emphasised the great value of 
students’ and teachers’ autonomy support in the educational 
setting of medical universities.
The summative evaluation of the study results suggests 
that the autonomy-oriented approach to the organisation of 
training in medical universities is potentially valuable in a 
number of ways. 
First, it involves creation of autonomy-oriented informational-
educational environment that comprises intellectual, cultural, 
methodological, technological resources and communication 
technology tools providing access to a wide range of 
educational resources and allowing for innovative and creative 
activity.
Second, it allows both teachers and students to take 
ownership of their sustainable personal and professional 

Table 1. Characteristics of the traditional and the autonomy-oriented teaching

TRADITIONAL TEACHING AUTONOMY-ORIENTED TEACHING

Theorised syllabus Practice-oriented syllabus

Overview of some language phenomena Emphasis on profession, interdisciplinarity: and on students' ability to apply new knowledge to their 
actual contexts of learning

Emphasis on transmission of information to the 
audience

Emphasis on students' involvement into the educational process, their active participation in making 
sense of a new practice using their own metacognitive skills to create their multi-dimensional aware-
ness of the educational context Teacher functioning as a facilitator Provided opportunity for experien-
tial, collaborative learning

Beaming down of a generic course content
Adherence to a fi xed curriculum

Provided opportunity to select what students would like to learn.
Critical review and use of students' personal
experience

Emphasis on quantitative equipment of students 
with new learning techniques Emphasis on both qualitative innovational self-development of learners and their creativity

Token approach to teaching
Teaching as a stimulus for students' lifelong personal and professional development
Provided opportunities for students to coach one another and work together to analyse new learning 
techniques

Summative evaluation of students by teachers Multi-dimensional evaluation (fostering self-evaluation and peer-evaluation practices)

Use of old (or new) methods that may be not 
relevant for the students and may not relate to their 
specifi c demands

Relevant content, refl ecting actual challenges faced by students in their learning (professional) activity

Non- problematic, non-diversifi ed content
Providing basic knowledge

Content construction on the basis of interdisciplinary problems topical in the in the broad context of a 
medical profession
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development [25] as well as to stay current in their fi elds 
through constant reevaluation of their own experience 
and refl ective development in and beyond the university 
educational environment.

Discussion

Our overall fi ndings, based on the literature review results and 
the results of the practical part of our investigation, allowed 
us to prove our theoretical ideas concerning the benefi ts 
of the autonomy-oriented approach for the development 
of innovative training practices in medical universities of 
Russia.
Creation of the described complex of conditions will 
make it possible to implement the autonomy-oriented 
approach through stimulating recognition by teachers and 
students of their own leading role in the development of 
university educational environment as well as their personal 
responsibility and volition to overcome diffi culties and develop 
their abilities and potential. These changes in turn will provide 
the transformations of teachers’ and students’ external locus 
of control into the internal one.  
Providing an autonomous type of teacher’s behaviour, this 
approach will ensure teachers’ support of students’ autonomy, 
teachers’ role as facilitators and coordinators of the students’ 
discovery and creative learning. This will allow teachers 
to stimulate medical students’ intrinsic motivation to learn 
through making them know why to learn (demonstrating 
connections between learning and emotions or the practical 
application of knowledge and encouraging their initiative and 
curiosity), how to learn, and creating a relevant feedback 
system during training.
The autonomy-oriented approach makes both students and 
teachers active, refl ective and critical educational environment 
actors who try to understand, rather than memorise the 
educational content. This benefi t of the autonomy-oriented 
approach makes it close to the ideas of social constructivist 
philosophy and constructivism-based teaching [26-27] and 
emphasises its holistic character. 

The conducted research made it possible to draw the 
conclusion that application of the autonomy- oriented approach 
to the process of training in a medical school allows for 
transition from formal training to self-determined continuous 
personal and professional development of both students 
and teachers. Consequently, this makes higher education 
system responsive to the changes taking place in the modern 
Russian society and contributing to an accelerating paradigm 
shift toward personalised medicine.
Practical relevance of the study has been ensured through 
specifying the autonomy-oriented approach in higher 
education and defi ning a set of conditions, which are 
suggested to guide the implementation of this approach 
within the university educational environment. Outlining the 
characteristics of autonomy-oriented teaching in a medical 
university setting, the study allows for possible application 
of the autonomy-oriented approach in other educational 
contexts.
Several important study limitations need to be considered. 
First, this study used self-reported data, which may pose 
concerns around social desirability bias. However, various 
forms of training and communication allowed the study 
participants to respond using the full range of response 
options, yielding evidence against social desirability bias.  
Second, the analysis of autonomy-oriented approach 
application in medical education presented in this paper is 
largely qualitative and is limited to the results of literature 
review as well as teaching and discussion practices among a 
small sample size of the study participants inside the university 
educational environment of KrasSMU. Studies targeting 
the broader higher medical education community might be 
able to provide quantitative analytics that could be used to 
reveal other possible aspects of autonomy-oriented approach 
implementation and its benefi ts for innovative development of 
higher medical education.
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Abstract
Lesch-Nyhan Disease (LND) is a rare X-linked recessive metabolic and neurological syndrome due to the defi ciency 
of hypoxanthine-guanine phosphoribosyltransferase (HPRT). Besides its well known “housekeeping” function this 
purine salvage enzyme has revealed an unexpected role in neurodevelopment, unveiled by the peculiar neurological 
symptoms fl anking hyperuricemia in LND: dystonia, choreoathetosis, compulsive self-injurious behaviour. Several 
lines of research have tried to fi nd the molecular basis for the neurological phenotype after the disease was fi rst 
described in 1964. Dopaminergic defi cit was then found to underlie the neurologic symptoms but the aetiology for such 
alteration seemed inexplicable. A number of detailed studies in the last 50 years addressed the genetic, metabolic, 
cognitive, behavioral and anatomical features of this disease. Initial investigations seeked for accumulation of toxic 
metabolites or depletion of essential molecules to disclose potential connections between purine recycling and 
neuronal dysfunction. In the last two decades sophisticated biotechnological methods were used for a deeper insight 
in the genetic and molecular aspects, unveiling a network of combined gene dysregulations in neuronal development 
and differentiation producing neurotransmission defects. These studies, conducted with several different approaches, 
allowed consistent steps forward, demonstrating transcriptional aberrations affecting different metabolic pathways in 
HPRT defi ciency, yet leaving many questions still unsolved.
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Introduction

A “bizarre” metabolic and neurological syndrome, characterized 
by marked hyperuricemia and hyperuricuria, was identifi ed as an 
X-linked recessive disease and named “Lesch-Nyhan Disease” 
(LND) after the two physicians who fi rst described it [1,2]. Later, 
the biochemical cause was identifi ed as a single enzyme 
defi ciency: hypoxanthine-guanine phosphoribosyltransferase 
(HPRT; EC 2.4.2.8) [3]. HPRT catalyzes the salvage of the 
purine bases hypoxanthine and guanine converting them 
into their respective monophosphate nucleosides (IMP and 
GMP) by a PRPP-dependent phosphoribosyl transfer reaction 
(Fig. 1). It is a cytoplasmic enzyme ubiquitously expressed in 
human tissues, displaying different specifi c activity in different 
tissues and during development, with highest activities in 
testis and brain [4-6]. The human enzyme is encoded by a 
single structural gene (HPRT1) located at Xq26-27. The gene 
has been sequenced and more than 400 different mutations 
in the coding region have been described causing different 
degrees of defi ciency [7]. HPRT aminoacid sequence has 
been determined and various alterations of the physical 
and kinetic properties of the enzyme have been reported in 
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patients bearing different mutations [8,9], leading to complete 
or partial defi ciency. In few cases defi ciency of HPRT activity 
in intact cultured fi broblasts was reported not to be related to 
any mutation in the HPRT coding sequence but to markedly 
decreased HPRT expression of mRNA [10-12]. In these cases 
defi ciency was attributed to a defect in gene regulation of 
unknown cause.
Megaloblastic anaemia unresponsive to folate therapy is 
also common in LND patients [13]. 
The basic diagnostic criterion for LND and its variants is HPRT 
activity assay in lysates or intact erythrocytes or fi broblasts; 
diagnostic suspect can be raised by grossly increased uric 
acid amount in plasma and urine, accompanied by increased 
hypoxanthine and xanthine [13].

Genetic aspects of LND

The prevalence of LND is approximately estimated to be 
1/380,000 live births. It appears to occur in all populations 
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neurological picture, closely resembling athetoid cerebral 
palsy, encompasses a spectrum of extrapyramidal signs 
including dystonia, choreoathetosis, dysarthria, dysphagia, 
opisthotonos, and occasionally ballismus. Some patients also 
develop pyramidal signs, such as spasticity and hyperrefl exia. 
The most striking aspect of the disease concerns behavioral 
problems: a peculiar severe sort of compulsive self-injurious 
behavior is common, with self mutilation (lip, tongue or fi nger 
biting), and other occasional different means of self-harm. 
Self-injury is not the result of a lack of sensation (the patients 
feel pain and are relieved when protected from themselves) 
but can be ascribed to an obsessive-compulsive behavior 
often revealing new and unexpected forms [25] and still 
under study Without restrictions, most patients can develop 
important auto-mutilating lesions [26]. Diffi cult behaviours 
such as impulsivity, striking or spitting at others, or use 
of socially unacceptable language is also rather frequent. 
Despite their periodic aggressive behavior, LND patients 
are frequently happy and engaging children when they are 
restrained. Affected individuals have often been described 
as cognitively impaired, but such feature is diffi cult to 
assess and is often misdiagnosed due to the behavioral 
disturbances, motor defi cits, and attention problems [27]. 
Individuals with LND usually have a normal prenatal and 
perinatal course and psychomotor delay may become 
evident within 3 to 6 months. Self mutilation can appear as 
soon as teeth are present or later [28,29]. Few patients live 
beyond 40 years, death occurring due to different causes, 
including pneumonia and sudden, unexpected death with 
respiratory origin [30].
Depending on the amount of residual HPRT activity the 
neurological syndrome can be full-spectrum (LND, virtually no 
residual activity), or less severe, with mild or no neurological 
impairment [28]. The term “Lesch-Nyhan variants” has been 
introduced to describe a continuous spectrum of neurological 
involvement present in HPRT-defi cient patients, with some 
degree of cognitive impairment, spasticity, dystonia, but 
without the complete syndrome. It is general opinion that 
genotype-phenotype correlations are based on HPRT 
residual activity, the severity of neurological symptoms 
being inversely proportional to enzyme activity [31-33]. Site-
directed mutagenesis and in vitro expression of mutant HPRT 
(44 mutations associated with a wide spectrum of clinical 
phenotypes) was used to confi rm correlation between disease 
severity and residual catalytic activity of the enzyme [34]. 
The defi ciency of HPRT activity on guanine was described to 
correlate more strictly with clinical aspects of LND phenotype 
than that on hypoxanthine, suggesting different direct roles 
for guanine and hypoxanthine in the pathogenesis [35]. In 
some cases members of affected families bearing identical 
mutations have been described to present surprisingly 
different range of phenotype [36,37].

with equal frequency and is the less rare disease among 
those described for purine metabolism. 
Since HPRT defi ciency is inherited as a recessive X-linked trait, 
males are generally affected and women may be asymptomatic 
carriers. Nevertheless at least fi ve females with complete HPRT 
defi ciency and full LND [14-17] and one with partial defi ciency 
[18] have been reported. In female LND a variety of molecular 
mechanisms causing the defi ciency have been described, 
affecting the second allele or X-inactivation ratio [16].

Hyperuricemia in LND

HPRT defi ciency, either partial or complete, causes marked 
overproduction of uric acid with consequent nephrolithiasis, 
renal failure and juvenile gout. Several mechanisms contribute 
to uric acid overproduction resulting in hyperuricemia: the 
ready conversion of unrecycled guanine and hypoxanthine 
into uric acid by means of guanase and xanthine oxidase 
(Fig. 1), and the consistent increase of de novo purine 
synthesis. The latter is likely due to raised availability of PRPP 
and to decreased amounts of IMP, AMP and GMP, feedback 
inhibitors of phosphoribosylpyrophosphate-amidotransferase 
(the fi rst and rate-limiting enzyme of de novo synthesis, Fig.1) 
[19]. Elevated adenine phosphoribosyltransferase (APRT; 
E.C. 2.4.2.7) activity is a common fi nding and may also 
contribute to purine overproduction [20]. 
Hyperuricemia, often leading to renal failure, is a serious 
problem in LND and its variants. Usual treatment is based 
on inhibitors of xanthine oxido-reductase (XOR: XDH, 
E.C. 1.17.1.4; XO, E.C. 1.17.3.22) such as allopurinol 
and febuxostat, effectively lowering UA, but accumulating 
hypoxanthine and xanthine. The latter may form stones 
with frequent renal failure [21,22]; moreover, the increased 
hypoxanthine and xanthine concentrations occurring in LND 
cerebrospinal fl uid have been related to the neurological 
manifestation (reviewed below). Despite the use of allopurinol 
to control hyperuricemia, some patients still succumb to the 
consequences of persistent nephrolithiasis, such as renal 
failure or urosepsis. Rasburicase, a recombinant urate 
oxydase converting uric acid into allantoin, is also sporadically 
used for rapid prevention of renal failure. Alternative treatments 
avoiding hypoxanthine accumulation have been recently 
proposed, based on recombinant enzyme therapy restoring 
the uricolytic pathway, lost in humans [23], or on upstream 
PNP inhibition to slower purine breakdown [24]. 

Neurological aspects in LND 

LND patients present severe neurological and motor 
disability, and most of them are confi ned to wheelchair. The 
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Investigations on the pathogenesis of neurological 
and behavioral alterations in LND 

The connection between the neurological syndrome described 
in LND patients and HPRT defi ciency appeared inexplicable: 
the role of HPRT in purine metabolism was well known and 
no connection with neurotransmitters was evident. A number 
of detailed studies in the last decades addressed the genetic, 
metabolic [25,28,38], cognitive [26,39], behavioral [26,27,40] 
and anatomical [6,29,41] features of the disease. Initial 
investigations seeked for the possible accumulation of toxic 
metabolites or depletion of essential molecules to disclose 
potential connections between purine recycling and neuronal 
dysfunction. Further on sophisticated methods were used to 
have a deeper insight in the genetic and molecular aspects, 
unveiling a network of combined dysregulations in cell 
development and differentiation producing neurotransmission 
defects (Fig. 2). 
The biochemical aspects of LND were extensively explored 
in patient cells (erythrocytes, lymphoblasts, fi broblasts), 
in patient autopsied brain specimens, in different HPRT-
defi cient cultured cell lines and in animal models. The results 
are often inconsistent, suggesting signifi cant differences 
depending upon cell types and tissue source [42]. Several 
metabolic abnormalities are known to accompany HPRT 
defi ciency, including the above mentioned grossly increased 
de novo purine synthesis. Peculiar features have been 
reported in erythrocytes, such as GTP depletion, increased 
UDP-glucose and PRPP concentration [43] (also found in 
lymphoblasts and fi broblasts) and appreciable levels of ZTP 
(5-amino-4-imidazole carboxamide ribotide triphosphate), a 
phosphorylated intermediate of de novo synthesis normally 
undetectable [44,45]. Some enzyme activities have also 
been reported to be abnormally increased in HPRT-
defi cient erythrocytes, namely APRT, IMP dehydrogenase 
(E.C. 1.1.1.205) [20] and cN-II (E.C. 3.1.3.5) [46]. Grossly 
increased NAD concentration was reported [47,43] with 
normal or lower NADH/NAD+ ratio in LND erythrocytes 
[48]. Increased utilization of exogenous NAD precursor 
nicotinic acid by intact erythrocytes [49,50], with increased 
or normal erythrocyte activities of the enzymes committed 
to its synthesis were reported in LND patients [51, 52], and 
low NAD glycohydrolase activity [53] (Fig. 1). Decreased 
activity of PARP (Poly-ADPribose polymerase) was found 
in LND lymphoblasts [54], possibly accounting for the 
high levels of NAD and also suggesting defective DNA 
repair mechanisms. By contrast decreased NAD, ATP and 
GTP concentrations and increased NAD production from 
nicotinic acid were measured in LND fi broblasts [38]. NAD 
concentration and related enzyme activities were found to be 
signifi cantly increased in liver, but not in brain or blood, of 

HPRT- knockout mice, animal models of LND [55]. Together 
these fi ndings suggested that disturbed pyridine metabolism 
may accompany the purine perturbation associated to HPRT 
defi ciency in different cell types and possibly be involved in 
LND neurological symptoms.
Post mortem studies of brains from LND patients had not 
disclosed any characteristic morphological abnormality [6, 
29]; but later on magnetic resonance imaging (MRI) studies  
revealed marked and widespread reductions of brain white 
matter volume [41]. 
Neurochemical analysis of post mortem tissues revealed 
dysfunction of brain neurotransmitters, with decreased 
dopaminergic neuron terminals in the striatum and increased 
amount of serotonin and 5-hydroxyindolacetate [56]. 
Decreased levels of the dopamine (DA) metabolite homovanillic 
acid, together with increased hypoxanthine and xanthine 
concentrations were found in LND patient’s cerebrospinal 
fl uid [57]. PET neurochemical and neuroimaging in vivo 
studies performed in LND patients demonstrated signifi cant 
abnormalities of DA neuron function in the basal ganglia: 
decreased dopaminergic production and storage [58] and 
decreased binding to dopamine transporters [59], that might 
account for the abnormal extrapyramidal neurological signs 
and many behavioral anomalies. Nevertheless, the widespread 
reductions of brain white matter volume reported above [41] 
could refl ect abnormalities of brain connectivity, pointing at the 
involvement of pathways beyond the basal ganglia.

Investigations on the pathogenesis of neurological 
and behavioral alterations in LND: animal and cell 
models of LND

Two animal models have been developed and employed in 
the study of LND pathogenesis. A pharmacological model, 
the 6-hydroxydopamine-treated rat, in which catecholamine-
containing neurons were destroyed, showed self-injurious 
behavior in response to DOPA-agonist administration, 
supporting the connection between self-injurious behaviour 
and DA defi cit [60]. The already mentioned genetic model (the 
HPRT-knockout mouse) [55] did not show neurobehavioral 
alterations but presented an age-related decreased content 
of DA in the brain [61]. 
Various HPRT-defi cient cell cultures were developed to study 
the effects of the enzyme defi cit and of purine alterations 
[62, 63, 64] and confi rmed DA defi cit. Since HPRT has no 
direct relationships with the dopaminergic pathways, the 
mechanisms whereby its defi ciency affects them appeared 
inexplicable [62,65]. Variations in other neurotransmitter 
systems have also been implicated in patients with LND and 
in animal models of the disease, such as serotonin [62, 66] 
and adenosine neurotransmitter systems [67,68].
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genes other than HPRT in the HPRT-defi ciency phenotype. 
In this hypothesis HPRT defi ciency would induce secondary 
transcriptional aberrations in other genes, that could play an 
important role in the development of some aspects of the HPRT-
defi ciency phenotype, especially the neurological defi cits [78]. 
Such hypothesis was confi rmed by several studies conducted 
in the last decade in HPRT-defi cient cell models [79,80] and 
in HPRT-defi cient human neural stem cells [81]. Aberrant 
expression of several vital transcription factors involved in 
DA-neuron development and in pan-neuronal differentiation 
has been demonstrated in cultured HPRT-defi cient human 
teratocarcinoma NT cells (NT2). Such studies provided direct 
experimental evidence for aberrant neurogenesis in HPRT 
defi ciency and suggested impaired upregulation of tyrosine 
hydroxylase (TH, the rate-limiting enzyme in DA production) 
and of aromatic L-amino-acid decarboxylase, the fi nal step 
in DA synthesis [79]. Investigations conducted by microarray 
and quantitative PCR in 10 different HPRT-defi cient mouse 
cell sublines also demonstrated that HPRT defi ciency 
infl uences early developmental processes controlling the 
dopaminergic phenotype by increasing transcription factors 
which play a key role in the specifi cation and survival of DA 
neurons [80]. Altered expression of several transcription 
factors and DA markers was found in human neural stem 
cells (hNSCs) isolated from human LND fetal brain, providing 
direct experimental evidence for aberrant neurogenesis [82].
Studies in SH-SY5Y neuroblastoma cells made HPRT-
defi cient by shRNA revealed broad pleiotropic neuro-
regulatory defects, demonstrating dysregulated Wnt signaling 
and presenilin-1 expression together with impaired expression 
of dopaminergic transcription factors [83]. Other authors 
found that hypoxanthine excess infl uences the Wnt/β-catenin 
pathway by both increasing WNT11 and WNT4 expression 
and reinforcing the WNT4 and EN1 expression induced by 
retinoic acid in NT2/D1cells, thus deregulating early neuronal 
differentiation [84]. Aberrant over-expression of miR181a 
was found in HPRT-defi cient human dopaminergic SH-SY5Y 
neuroblastoma cells, wich signifi cantly reduced endogenous 
expression of genes known to be required for neural 
development, including EN1, EN2, LMX1a and BRN2, and 
suggested that miRNAs may play a role in the pathogenesis 
of LND [85]. Dysregulated microRNAs from the miR-17 family 
cluster and guanine-based cellular functions were found in 
differentiating HPRT-defi cient human neuron-like cell lines 
by microRNA array and gene ontology analysis. In the same 
study, dysregulated expression of exchange protein activated 
by cAMP (EPAC) in the cortex, the midbrain and the striatum of 
HPRT ko mice and in HPRT-defi cient human neuron-like cell 
lines and fi broblast cells from LND patients were found, and 
also a marked impairment in the activation of small GTPases. 
Collectively these aberrations were hypothesised to contribute 
to the complex LND neurological phenotype [86]. Another 

Investigations on the pathogenesis of neurological 
and behavioral alterations in LND: role of hypoxan-
thine

Hypoxanthine excess is a prominent biochemical feature 
described in the central nervous system of LND patients, and 
its role has been extensively investigated. Hypoxanthine has 
been reported to alter adenosine transport [68] and to decrease 
sensitivity at the post-synaptic DA receptors [69]. Studies 
conducted in LND peripheral blood lymphocytes exposed to 
hypoxanthine revealed increased expression of DRD5 dopamine 
receptor, variably aberrant expression of ADORA2A adenosine 
receptor and decreased expression and protein level of 5-HTR1A 
serotonine receptor. This would support the hypothesis that the 
pathogenesis of neurological manifestations of LND patients 
may be related to an imbalance of neurotransmitters, rather than 
to the isolated disturbance of one of them. In fact, adenosine, 
DA and serotonin receptors, belonging to the G-protein-coupled 
superfamily, seem to be integrated through intermembrane 
receptor–receptor interactions [70,71]. Hypoxanthine excess 
has also been reported to alter Na+/K+ ATPase activity [72] in 
isolated cells, thus suggesting its implication in the pathogenesis 
of the neurological dysfunction. Implication of hypoxanthine in 
the morphogenesis impairment and proliferation enhancement in 
cultured HPRT defi cient neuroblastoma cells, a neuronal model 
of LND, has also been proposed [73]. Intrastriatal hypoxanthine 
administration to 60-day-old rats altered neuroenergetic 
parameters, resulting in ATP depletion and mitochondrial 
dysfunction and cell death by apoptosis, suggesting that these 
processes may be associated, at least in part, with neurological 
symptoms found in LND patients [74]. 
Defi cit of other purine compounds due to HPRT defect is 
controversial, and altered nucleotide concentrations have been 
postulated as a possible cause of changes in G-protein-mediated 
signal transduction [75]. This hypothesis was supported 
by the fi nding of changes in the expression and function of 
adenylate cyclase C isoform as a result of HPRT defi ciency 
in B103 neuroblastoma cells [76]. Another line of research 
hypothesized that GTP depletion in HPRT defi ciency may affect 
tetrahydrobiopterin (BH4) synthesis through GTP ciclohydrolase, 
but BH4 limitation was not demonstrated to be responsible for the 
dopamine loss in patients or animal models [77].

Investigations on the pathogenesis of neurological 
and behavioral alterations in LND: gene transcrip-
tion and expression aberrations

Transcriptional aberrations in a number of genes were 
described in the HPRT knockout mice, suggesting a role of 



17

Medical University

line of research demonstrated that HPRT-defi cient neuronal 
cell lines have reduced CREB (cAMP response element-
binding protein) expression and lower intracellular cyclic AMP 
(cAMP), which correlates with attenuated CREB-dependent 
transcriptional activity and reduced phosphorylation of 
protein kinase A (PKA) substrates such as synapsin (p-syn 
I). Increased expression of phosphodiesterase 10A (PDE10A) 
was also found and the overall conclusion was that HPRT-
defi ciency alters cAMP/PKA signaling pathway [87]. 
The mechanisms by which HPRT defi ciency infl uences the 
expression of different genes and leads to transcriptional 
aberrations might be direct or indirect, the latter following the 
changes in purine metabolism when HPRT is missing. A general 
problem in the fi eld of LND research concerns the selection of 
a suitable model system. Indeed, disruption of purine levels is 
known to have an important infl uence on neuronal differentiation 
[81]. Purine pools and their metabolism were examined in rat 
PC6-3 cells, a PC12 pheochromocytoma subclone. The loss of 
HPRT-mediated purine recycling is associated with signifi cant 
loss of dopamine and related metabolites in the HPRT- mutant 
PC6-3 lines, suggesting an important connection between 
purine and dopamine pathways [88]. 
HPRT-defi cient pluripotent human stem cells induced by 
shRNA targeted to the HPRT gene showed aberrant purinergic 
signaling occurring at least partly through aberrant P2Y1-
mediated expression and signaling. Such mechanisms may 
play a role in the neuropathology of HPRT-defi ciency LND [89].
A proteomic approach revealed changes in protein expression 
in HPRT-defi cient dopaminergic rat PC6-3 line, before 
and after differentiation with nerve growth factor, with an 
unexpectedly broad infl uence on many biochemical pathways 
(neurotransmission, protein synthesis and metabolism, 
mitochondrial function, single methyl donor pathways 
involving SAM or folate) possibly related to the cell cycle [90].
Transcriptomics studies conducted on LND fi broblasts 
and on induced pluripotent stem cells (iPS) by microarray 
based methods together with qPCR also revealed that 
HPRT defi ciency is accompanied by perturbations in 
specifi c processes. Twenty-fi ve transcripts were found with 
signifi cantly altered expression level that are involved in 
specifi c processes known to regulate cell cycle and cell-
division, metabolic and nucleic acid processes [91]. Global 
transcriptomic analyses confi rmed that several mechanisms 
are severely affected during neuronal differentiation of 
HPRT-defi cient murine ESD3 embryonic stem cells: beside 
large number of developmental and cell signaling pathways 
regulating CNS development, most particularly mechanisms 
that determine neuronal/glial cell fate decisions during 
neurogenesis were altered, with a major transcriptional switch 
away from neuronal almost entirely to a glial gene expression 
program, though with at least some of the principal molecular 
properties of dopaminergic neurons [92].

A role for the amyloid precursor protein (APP) has 
been suggested in the development of LND epigenetic 
modifi cations, due to gene-gene interactions (epistasis) 
between mutated HPRT and APP genes, which could affect 
the regulation of alternative APP pre-mRNA splicing in 
favor of APP isoforms responsible for the disease, though 
no experimental evidence at present proven the direct link 
between LND and APP [93].
Many combined results deriving from such many different 
approaches seem to indicate that the housekeeping gene 
HPRT is a vital neurodevelopmental gene and that it plays 
a number of important non-‘‘housekeeping’’ functions in 
some pathways of mammalian neurogenesis. In summary, 
various studies have led to understand that the neurological 
symptoms of LND are related to a dysfunction of the 
dopaminergic neurotransmitter system in the basal ganglia, 
and possibly extended beyond this area. The great bulk of 
recent observations shed a new light on the mysterious 
relationship between the dopamine defi cit and the purine 
metabolic disorder, though the fi nal step is still lacking.

Therapy

The lack of precise understanding of the neurological 
dysfunction in LNS has precluded development of specifi c 
therapies, though several attempts have been made in different 
directions. Treatment with allopurinol has no effect on the 
neurologic or behavioural manifestations of the disease [62].
Following the hypothesis that defi ciency of IMP and GMP 
might be the cause for LND, treatment with adenine (readily 
transported and converted to AMP, which in turn can be 
converted to IMP by AMP deaminase) was tried without effect 
[94] as well as treatment with AICA or AICAR expected to 
raise nucleotide levels [95]. Actually no specifi c decrease in 
purine level was found in any model studied.
Many pharmaceutical treatments, often useful, but never 
resolving (e.g.: benzodiazepines, carbamazapines and 
gamma-aminobutyric acid inhibitors, gabapentin, dopamine 
replacement) often leading to inconsistent outcomes have 
been reported and reviewed [29, 13, 96]. Limited studies 
have been conducted on S-adenosylmethionine (SAM) as a 
medication for LND with contradictory but promising fi ndings, 
at least offeringr an additional therapeutic means to current 
symptomatic therapy [97- 100].
Dopamine neurons likely fail to mature properly, which is 
consistent with several gene expression studies of HPRT- 
cell models showing disruption of molecular pathways for 
dopamine neuron development. Thus, the loss of dopamine 
or TH seems to refl ect an aspect of a broader developmental 
defect in these neurons, and restoration of dopamine alone 
seems insuffi cient [101, 102].
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same genetic mutation, which pointed at the involvement of 
epigenetic mechanisms. On the whole many studies led to 
the conclusion that the consequences of HPRT defi ciency 
are far beyond the metabolic function of this enzyme, and 
that the pathogenesis of this monogenic but yet very complex 
neurodevelopmental disease results from combinatorial and 
multigenic defects. 
Resolutive therapy is the main goal of overall research: the 
understanding of times and modes of neurological lesion 
occurrence would suggest times and modes of clinical 
intervention. The common belief is that any therapeutic 
action should be very early; times for effective intervention 
(e.g. dopamine restoration) must be ascertained and 
new therapeutic molecules investigated. In the meantime 
symptomatic therapies providing some relief from the 
invalidating disturbancies of LND are under clinical trial. 
Research is in continuous progress and accurate reviewing 
is necessary for frequent update and for an overall vision 
allowing a deeper insight in the disease.
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Therapeutic efforts have often mainly focused on symptom 
control. Intrathecal baclofen therapy ameliorated the motor 
and behavioral symptoms [103].
Good results have been obtained by chronic deep brain 
stimulation of the globus pallidus which may be a promising 
method to treat self-mutilating behavior and dystonia 
associated with LND [104-107].
Attempts to develop gene therapy have also been made [108] 
but could not be applied in patients.
An enzyme replacement approach by TAT transduction 
domain and by liposome mediated protein transfer into HPRT 
defi cient leukemia T-cells (CEM/HPRT) was also reported in 
an in vitro study [109].

Conclusion

The present review aimed to highlight the great deal of 
research moved by LND, a rare disease displaying many 
puzzling aspects. First of all, the connection between 
the defi ciency of HPRT activity and the neurological 
syndrome: no direct link exists between this enzyme and the 
dopaminergic transmission which has been demonstrated 
to be impaired, and several molecular pathways are likely 
involved as a pathogenetic cause. Nevertheless the intimate 
mechanism is not clear yet. Another unresolved problem is 
the fi nding of different phenotypes in patients bearing the 
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FIGURE LEGENDS

Figure 1. Purine salvage/breakdown (grey inset) and diagram of purine and pyridine metabolism.
SAICAR: succinylaminoimidazolcarboxamide ribotide; AICAR:aminoimidazolcarbxamide riboside; PRA: phosphoribosylamine; BH4: tetrahy-
drobiopterin; FH4: formyltetrahydrofolate; SAM: S-adenosyl methionine; SAH: S-adenosyl homocysteine; NA: Nicotinic acid; Nam: Nicotin-
amide; NAMN: Nicotinic acid mononucleotide; NMN: nicotinamide mononucleotide.
1, PRPP synthetase; 2, Adenylosuccinate lyase; 3, AICA ribotide transformylase/IMP cyclohydrolase; 4, IMP dehydrogenase; 5, GMP synthe-
tase; 6, GMP reductase; 7, AMPS synthetase; 8, Hypoxanthine-guanine phosphoribosyltransferase; 9, Adenine phosphoribosyltransferase; 
10, Ado deaminase; 11, 5’-nucleotidase; 12, Purine nucleoside phosphorylase; 13, Adenosine kinase; 14, AMP kinase; 15, AMP deaminase 
; 16, Nucleoside monophosphate kinase; 17, dGuanosine kinase (mitochondria); 18, Xanthine oxydase; 19, Guanase; 20, GTP-cyclohydro-
lase 1; 21, NA phosphoribosyltransferase; 22, NAm phosphoribosyltransferase ; 23, NAMN-adenylyltransferase; 24, NMN-adenylyltransfer-
ase; 25, PolyADPR polymerase; 26, Ribonucleotide reductase; 27, dCytidine kinase; 28, Glutamine-phosphoribosypyrophosphate amido-
transferase; 29, SAH hydrolase.
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Figure 2. HPRT defi ciency: metabolic alterations which may lead to LND.
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Abstract
The article discusses the state of Russian education system of future. It is noted that for the effective change of 
educational process organization, for the increase of modern students’ motivation, it is necessary to reconsider the 
methods, technologies and the content of higher education, taking global world trends into account. In order to study 
the out-look on the development of higher education, the following world trends were identifi ed: remote technologies 
and digital educational resources; creation of digital universities’ models and certifi cation centres for external 
independent assessment of professional qualifi cations; introduction of general language for teaching in the system 
of higher education; organization of training via interactive lectures of the best teachers of the world; introduction 
of playing and electronic simulators into educational process. However, the attitude to the issues of digitalization of 
domestic education is debatable in pedagogical circles, dividing the audience into supporters and opponents of this 
phenomenon, as far as digitalization causes not only a signifi cant change in the appearance of modern education, but 
digital technologies are aimed at the change of the nature of a person bodily and spiritually. The latest technologies are 
used for this very purpose, among which are NBIC-technologies – nano, bio, information and cognitive ones. Digital 
educational space should not do any harm to a person. So, all the participants of this global project, both developers 
and experts, must take into account the negative consequences of the impact of digital technology on humans. They 
should not make them the means of destroying domestic education, its culture and morality. If digital technologies 
are put at the service of a person, Russian higher schools will be really modernized, as well as, medical education in 
general.

Keywords
digital education • digital pedagogy • digital university • digital educational resources • digital educational technologies • playing 
electronic simulators.
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1

Introduction

The generation of modern medical students, grown up in 
specifi c conditions of constant social and economic changes, 
comes to medical school with their own peculiarities and 
needs. To ensure that doctors are able to master intellectual 
and professional skills of high quality demanded in the 
health care market, educators, who are the representatives 
of older generations, should reconsider the methods, 
technologies and the content of higher education, change 
the atmosphere of studying process in order to promote the 
success of any student as much as possible. To organize 
the educational process effectively, it is necessary to take 
into account a number of factors, global and regional trends 
that go beyond the vocational training and the experience 
level of employees in the system of higher education [1]. A 
mature teaching staff, especially the one of a medical school, 
follows classical, fundamental medicine that is a search and 
visual demonstration of the “truth”, existing in the form of a 
system of fundamental and universal knowledge. 
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However, the situation in the fi eld of education is changing 
considerably and, in this connection, it is necessary to 
realize that the students, entering the university, are 
quite different from what they were before [2]. Nowadays 
students often deny both the scientifi c facts themselves 
and the authorities in science1. They come into confl ict 
with fundamental approaches in higher education [3]. 
Not rarely students behave disrespectfully, and many 
teachers are incapable to resist it, as a result, the classes 
become less effective and the atmosphere in the audience 
becomes less productive. In such a situation, it is natural 
to seek help in pedagogy, one of the purposes of which 
is to study the goals and methods of teaching, to search 
for optimal ways of delivering information to the audience 
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Secondly, knowledge should be ideally transformed into 
practical skills by means of a set of practical training forms 
such as seminars, laboratory works, trainings, case studies, 
master classes, etc. All these forms of applied training imitate 
the context of future professional activity.
Nevertheless, nowadays communication intensity has 
increased many times, it leads to rapid thinking, fast switch 
from one subject to another [5]. A young person, grown up 
in the digital age, can hardly fi nd common language with a 
professor, who has received classical education. All the 
teachers simultaneously note the loss of learning motivation. 
And, the consequence of the previous idea is a weak motivation 
for academic activities for both students and teaching staff.
The teachers understand real motives of their students for 
entering (to move to another city, to fulfi l some social program, 
to prolong childhood, etc.) and, therefore, they are not anxious 
to demand much [6]. Low level of income and social status of 
university teacher decrease the remnants of motivation to do 
work properly. Unfortunately, Russia, lags behind the world 
leaders in such pedagogical parameters as: education goal-
setting, digitalization of academic environment, social level 
of teaching staff and students, organization system, human 
and material resources, E-learning [7]. At best, only some 
Russian universities will be able to integrate into the system 
of transnational universities. What could be done in such a 
situation in obviously not favourable terms?
The fi rst step in Russian system of education in this direction 
is done by remote technologies and digital educational 
resources [8]. Delivering knowledge and its transformation 
into skills is possible even without physical presence of a 
group of people in one place and at the same time [9]. For 
example, one can take a course of mathematics, given by the 
best world-known professor, might be physically anywhere 
at the moment, so one can take it on-line. But, at the same 
time, not all kind of knowledge and skills can be brought to 
the network. First of all, it concerns many medical courses 
and disciplines, e.g. surgery, cardiology, dentistry, which 
require long-term work both individually and in a group with a 
teacher. Nevertheless, there is a number of subjects, courses 
and disciplines with a prospect of entering digital network, and 
moreover, the creation of a university on a digital platform. 
Therefore, let us consider in details the fi rst direction of 
changes in the system of higher education, called “Digital 
Universities and Certifi cation Centres”.
The creation of digital university model will require an 
appeal to another type of pedagogy. This is the pedagogy of 
digital education [10]. In digital educational space, classical 
pedagogical theories face completely new conditions. A 
new digital educational environment is being formed, and 
nobody nowadays can still defi ne it. It is clear that this is an 
experimental, pioneering space in which everything is done 
for the fi rst time: digital models, digital electronic textbooks, 

by a teacher, improving the learning process. An appeal 
to pedagogical science will make it possible to resolve the 
marked contradiction between the traditional way of teaching 
and the needs of students in a new model of learning more 
effectively [4].

Methods

To eliminate the mentioned contradiction between the needs 
of modern students and the state of traditional education 
system, we will rely on theoretical methods of cognition, 
including: analysis (the process of mental separation of any 
phenomenon into parts (features, characteristics, relations), 
synthesis (fusion of parties, identifi ed while being analysed, 
into a single whole), abstract modelling of educational 
situation, application of theoretical and logical operations of 
induction and deduction These methods require empirical 
facts. Such facts were collected while studying the literature in 
the fi eld of modern education, while observing actual events 
that take place in high school.
The following documents made the empirical basis of the 
study:
– The concept of long-term social and economic development 
of the Russian Federation for the period up to 2020 (the 
Order of the Government of the Russian Federation dated 
November 17, 2008 No. 1662-p);
– The report of Oxford University Research Centre 
“International Trends in Higher Education 2016-2017”;
– The speech of the head of Sberbank German Gref  “About 
the trends of the new digital era”. Ekaterinburg, July 26, 2017.
Therefore, both theoretical and empirical methods of studying 
the trends in the fi eld of education development supplement 
each other and exist in unity.

Results

Before studying the problem of Russian education 
development outlook in the context of world trends, let us ask 
such pedagogical question as: what is currently happening in 
the fi eld of education? 
Firstly, the essence of teaching process is the transmission 
of knowledge from a teacher to a student on the basis of 
lecture and practical classes, as far as traditional university 
education is based on the value of knowledge. Therefore, 
it is necessary to acquire certain blocks of knowledge while 
spending a lot of time in classrooms, in libraries preparing for 
classes. Such activities ennoble a person, makes him or her 
wiser and stronger. At least Wilhelm von Humboldt believed 
in it, creating the model of university in its present form at the 
beginning of the nineteenth century.
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digital educational materials [11] are being created for the fi rst 
time; the content of higher education is being updated in the 
context of global trends [12]. “The new large data can be used 
for deeper assessment of knowledge and skills, deepening 
the links between all levels of learning, establishing contacts 
between educational institutions, students and employers, 
rating academic progress”2.
The term “university” as a typical way of self-organization of 
higher education, will remain in the academic environment at 
the very beginning. But on the basis of traditional universities 
a part of digital ones will start to appear. Another part will be 
formed on the basis of the largest technological enterprises. 
Finally, free associations of teachers will appear. At the same 
time, traditional academic education will remain. But it will be 
reduced many times and will have a single goal – to reproduce 
the learned elite from the gifted students [13].
In the conditions of digital education, Certifi cation Centres 
will appear. These centres are created to grade the quality of 
specialist’s training. Specialist’s training will be carried out on 
the basis of formation of “continuous education system, based 
on introduction of national qualifi cation framework, qualifi cation 
certifi cation system, modular programs that will maximize the 
use of human potential and create conditions for self-realization 
of citizens during the whole life ...”3. Creation of modern system 
of continuous education, training and retraining of professional 
staff needs creation of system of external independent 
certifi cation of professional qualifi cations4. Applying to a 
Centre, a person takes qualifi cation exam, which shows the 
level of skills and competencies’ mastery. Depending on the 
result of the exam, a person has the right to occupy a certain 
position. Many positions will require several exams. In such a 
situation, the Diploma disappears as useless, fi rst of all, due to 
the fact that education will have no strict temporal and spatial 
limitations. In this case, a unifi ed scale of points, single for the 
whole country, will be developed. It will include information on 
what a person should know and what s/he should be good 
at, as well as methods and ways of verifi cation. The transfer 
of exams from university to certifi cation centres will stop 
subjective evaluation. In accordance with the received points, 
a person can get a certain social position. Prerequisites for 
new assessment of graduates’ qualifi cations have appeared 
long ago. For example, these are global standardized exams 
such as TOEFL, GRE, GMAT, etc. Unifi ed fi nal school and 
university entrance examinations are widespread in different 
countries of the world, e.g., USE – in Russia, SAT – in the USA, 
etc. There appeared a huge number of centres of additional 
education, training centres, etc. In short, an alternative to 
higher education sector is being developed.
What will the system of Russian higher education be like in 
future? It is diffi cult to answer this question unambiguously. 
Nevertheless, it is possible to consider some more trends that 
are already being actively introduced on the basis of Russian 

universities and which are most likely to be further developed 
in the next 10-20 years [14].
Firstly, there will be single language of teaching in the system 
of higher education. And it will be English. Even now, as 
Bulyzhenkov I. E. and Soloviev O. N. note, there are courses 
or educational programs in English in thousands of universities 
all over the world [15, p. 64]. Migration to different parts of 
the world becomes as typical as a trip to a neighbouring 
city. Knowledge of basic English will become an obligatory 
condition for a full life all over the world. Therefore, teaching 
different disciplines in English in higher education system is 
the requirement of modern time. But the system of medical 
education in Russia offers bilingual educational programs 
both in Russian and English, as not all patients, who are 
Russian citizens, will speak English in the nearest future. 
One of the very important tasks for a doctor is to establish a 
good contact with a patient and this can be done only in the 
patient’s native language. In this regard, during their years 
of education, medical students should develop literate native 
speech, along with learning English as foreign language.
The second tendency, as it was mentioned above, is the 
organization of training by means of interactive lectures given by 
the best teachers [15, p. 67]. Each subject can be studied from 
the most talented teachers of each university discipline5. Such 
teachers can explain the most complicated concepts in simple 
words, their classes will bring listeners enthusiasm and desire 
to become scientists. All the lectures of these teachers are 
digitized and provided with colourful illustrated materials. After 
each lecture, a teacher offers tasks for self-decision making, as 
well as the analysis of correct or incorrect answers given by a 
student. Every student can ask any question, searching for it or 
selecting from a list. If there is no answer to the question, the 
teacher will be informed about it. After a while, he will record a 
video response and fi ll up the ever-growing knowledge base. It 
will take several years of classes on such a program, and there 
will be no questions without answers. In a new digital age, the 
best teachers will be able to train millions of people, and even 
a student from Siberia will have an opportunity to communicate 
with the most talented teachers [14].

2 Manifest about digital educational environment EdutInme. Non-commercial initia-
tive [Internet]. [cited  Apr 28 2018]. Available from: http://manifesto.edutainme.ru
3 The concept of long-term social and economic development of the Russian 
Federation for the period up to 2020. Order of the Government of the Russian 
Federation № 1662-p (Nov 17, 2008). 
4 Federal target program of education development for 2011-2015, task 3, activ-
ity 8 “Development of quality of vocational education assessing system based 
on establishment and implementation of certifi cation mechanisms for qualifi ca-
tions of specialists and graduates of educational institutions, taking into account 
the integration of FSIS requirements and professional standards”
5 Pervyh S. How to improve medical education? Experience of Surgut State 
University [Internet]. [cited 2015 Jan 24]. Available from: http://www.edutainme.
ru/post/kak-sdelat-meditsinskoe-obrazovanie-luchshim-v-mire; Pavel Durov 
disputes on the education system [Internet]. [cited 2018 Apr 28]. Available from: 
http://liberatum.ru/news/pavel-durov-razmyshlyaet-o-sisteme-obrazovaniya.
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might have dead-end moves, returns to the previous stages 
as a reaction by ineffective actions of trainees. It is also 
determined in advance whether the story lines are divided, 
how they are interrelated, where they converge and under 
what conditions they diverge. The way the data about the 
results of the passing certain cases by players are stored, 
whether they are recorded and remembered by a computer, 
whether it affect passing the further stages of the game are 
also of great importance.
Such approach to the development of electronic simulators 
is very valuable for full-time playing, because e-learning has 
clear criteria for grading the studying quality, detailing certain 
playing activities and the effects they cause, that in the 
conditions of “real” playing often “remains beyond the limits” 
being not fi xed and refl ected by moderators, being solved 
“by itself”. Simulation playing gives a chance to experience 
certain forms of professional activity in circumstances that are 
safe from risks, costs and sanctions in cases of inappropriate 
behaviour.
Learning through immersion in the game world allows to get 
into different situations of Peter I era within the computer 
game. Costumes of the nobles and the city buildings are 
modelled exactly in accordance with the historical data on 
that era. While doing the tasks of the game, a student learns 
the life style of that time, gets acquainted with real historical 
characters. S/he can talk to virtual locals and completely 
immerse into the Peter’s era, listening to dialogues among 
real historical characters. Historians, archaeologists, 
culturologists, linguists are to be involved in the process of 
creation of such games. This might sound like a utopia, but 
it is worth noting that such a game already exists, it is called 
Assassin’s Creed II. And it is one of the most popular and 
commercially successful educational gaming projects in the 
world.
Interactive audio-visual tests can be also compiled in the 
framework of digital education system. Meanwhile, the test 
can be not only linguistic. Any kinds of tests can be visualized 
and voiced. It is possible to create colourful video on its basis 
with various answers – right and wrong, among which one 
needs to choose only the right one.

Discussion

The issues of digitalization of national education are the 
most acute for the discussion among pedagogical academia 
[20, 21]. All the indicated trends are included, e.g. remote 
technologies and digital educational resources; creation of 
models of digital universities, certifi cation centres for external 

The indicator of this process is the fact of creation an online 
university, which quickly passes the corporate framework by 
the world’s largest technology companies (Google, Apple, 
Microsoft, Facebook, etc.). Such projects as Coursera and 
EdX (mass online education sites) are growing very fast and 
are gaining a huge number of students around the world. And 
as a result, most of the courses and educational programs will 
transfer to the network. First of all, it concerns disciplines of 
general education, humanities and social sciences. This will 
cause a signifi cant reduction in teaching staff, studying rooms, 
etc. At the same time, the importance of the administrative 
apparatus of higher educational institutions will decrease, 
as there will be no need in deans, vice rectors, heads of 
departments, since the service provider (professor, teacher) 
can access the client (student) directly [16].
However, this trend has its dark side. Firstly, the use of only the 
best teachers in educational process establishes monopoly 
of views on certain problems of medicine and, possibly, will 
limit creation of the alternative approaches. Secondly, giving 
lectures to thousands and millions of students does not allow 
to make it really interactive, because even genius professor 
has only 24 hours a day and can respond effectively to no 
more than 10-20 questions.
The next trend, which already changes the form of future 
education, is the introduction of playing simulators into 
the educational process6. Simulation (imitation) forms 
of education in pedagogy are becoming more and more 
relevant [17]. The simulation approach implies such design 
of learning process, in which the learner acts in an unreal 
(playing) situation knowing about it. Therefore, the degree 
of convention of playing can be different: from improbable 
and fantastic to extremely close to the reality (simulators 
imitating tank or spacecraft control, or a course of surgical 
operation). The development of electronic simulators requires 
algorithmization of the most delicate intellectual, emotional 
and sensory processes. “Problems which in real pedagogical 
communication are solved by inspiration, semi-consciously 
or completely unconsciously, needs here its differentiation, 
description and, fi nally, formalization” [17, p. 38]. That is why 
technologies of “electronic (digital) didactics” have essential 
practical and scientifi c signifi cance that is not limited by 
e-learning [18, 19]. Firstly, a detailed (differentiated) simulation 
scenario is created which consists of separate fragments – 
cases. There goes the description of the situation for each of 
them that means the conditions, both virtual and real, in which 
participants of the game act. The situation sets the limits 
for the activities of the participants in the game. A specifi c 
combination of cases is the basis of the game scenario or a 
simulation game card. Relationships and dependencies are 
established between the cases, depending on the subject of 
study, they are: temporary, causal, conditional, etc. Besides, 
the plot lines of the game are determined. They can be linear, 

6 Naumov VV. Potential of educational simulators [Internet]. [cited 2018 Apr 04]. 
Available from: http: //psyfactor.org/lib/naumov4.htm
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independent assessment of professional qualifi cations; 
introduction of general teaching language in higher education; 
the organization of training through interactive lectures by 
the best teachers of the world; introduction of educational 
playing simulators, etc. Of course, in most cases, it is the 
matter of our country joining the global educational space. 
However, sometimes there is another point of view. And in this 
connection there are two points of view – of the supporters 
and of vigorous opponents of the indicated phenomena. 
For example, the works of O. N. Chetverikova presents the 
idea that the consequences of digitalization of the Russian 
education are so destructive that even people far from politics 
understand that it is something more serious than simply 
upgrading the system of higher education [22]. The matter is 
that digital technologies are directed, fi rst of all, to the change 
of a person and his/her essence. Therefore, it deals with the 
change of physical and spiritual nature of a person that is the 
main aim of latest technologies (NBIC) being used – nano, 
bio, informative and cognitive ones. Their key direction is a 
change in a person and making him/her as a kind of bio-object 
and the main source of profi t. Nothing is said in this connection 
about the formation of an educated and developed personality 
serving the Fatherland, about the formation of patriots. The 
main thing for a graduate is to demonstrate a standardized set 
of competencies. And the main task of Certifi cation Centres 
is to bring together students and business investors, so that 
the project, a student has developed, could be realized in 
some business. Education will become asynchronous, the 
whole teams will enter universities, develop some projects 
and protect them, and then some investor will purchase them. 
Students can then move to another university. Such a model 
exists at Singularity Institute, created by Google and NASA. 
One more controversial point is also worth mentioning – 
online learning, which is the main one in transformation of 
students’ way of thinking and dismantling of our education 
system [23]. When in 2014 the concept of remote education 
was discussed, it was said that if it was introduced, classical 
universities would gradually disappear with digital ones of 
remote training to change them. This idea was given in the 
report of I. Peskov, who said that education in the future will 
be of two kinds – remote and human7. Remote education will 
be cheap, while the human one will be expensive. So, the 
elite remains with classical, human education, while the rest 
can afford themselves only remote learning. It is diffi cult to 
comment on such a turn in education system. But this topic 
requires serious discussion not to give the unequivocal 
impression that such transformation of higher school is the 
only possible one. Such a discussion is being conducted both 
in Russian scientifi c journals and in foreign ones. For example, 
the article “What works and why? Student perceptions of 
‘useful’ digital technology in university teaching and learning. 
Studies in Higher Education” by Henderson M, Selwyn N, 

7 Peretolchin Dm. Dismantling. Zavtra [Internet]. [cited 2018 Mar 26]. Available 
from: http://zavtra.ru/blogs/razrushenie

Aston R. [3] informs scientifi c audience to their studies of 
students’ perception of information effectiveness in the context 
of digital technology. They conclude that in the conditions of 
digitalization of teaching and learning at university, the level 
of perception and memory in modern students is signifi cantly 
being reduced.

Conclusion

Thus, mobile technologies change teaching in higher education 
radically. On the one hand, the use of applications will allow 
students to fi nd new ways to handle routine tasks or to approach 
the solution of vital problems. The following phrase is widely 
used nowadays: “All the routine that can be given to robots, 
should be given to robots”. In order to do this, it is possible and 
it is necessary to apply all available technological innovations 
and achievements of various fi elds [24].
But, on the other hand, there is a dangerous trend connected 
with the fact that innovative digital technologies will reformat 
the very nature of students, will bring them to entirely different 
system of values, will rebuild and format new worldview. It 
is necessary to understand that it is a matter of dismantling 
education system, because now a system fi lling a person with 
certain competences is being introduced instead of education. 
The education itself is being abolished. It is necessary to 
think more broadly and exceed the bounds of a subject, a 
department, a faculty, an institute, a university to avoid such 
a situation in the conditions of digitalization. It is necessary to 
arrange relationships with the largest libraries and educational 
platforms, to participate in discussions at international forums.  
One can try using new things being not limited by traditional 
forms of communication: start chatting and blogging; work 
together on documents, for example, in Evernote; use 
interactive whiteboards. It has turned out, a circle of like-
minded people can be found anywhere – in another country, 
in another specialty. Nevertheless, it is necessary to see the 
danger of digital world. D. Medvedev in his speech at the 
forum “Open Innovation in “Skolkovo” Technological Park” on 
October 17, 2017 said: “Governments around the world need 
to hurry up, until an artifi cial intellect comes to power, and 
changes our organs, and presses “Delete” button in order to 
reset our brains ... Our task, in fact, is to join mutual forces to 
make the jump of mankind into the digital world well prepared. 
And I am sure we can do it. First of all, because we understand 
our responsibility today” [25]. Undoubtedly, in order to 
implement the above mentioned educational prospects, a lot 
is needed to be done, e.g. to create a real digital pedagogy. 
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Digital pedagogy, before being called pedagogy, needs 
to work out the principles and rules of its functioning in the 
context of the humanization of education. Digital educational 
space should do no harm to a person. And all participants 
of this global project, both developers and experts, should 
take into account all negative consequences of the impact 
of digital technologies on people and they should not make 
them a means of destroying the domestic education, culture 

and morality. If digital technologies are put at the service of a 
person, Russian higher schools will be really modernized, as 
well as medical education in general.
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Abstract
The challenges of medical demography have become a major issue today in France, mainly because of the conjunction 
of two phenomena. Namely, a massive retirement of the “baby boom” generation and a delay in the medical training 
induced by the “numerus clausus” that had not anticipated that phenomenon. Unfortunately, the repercussion of the 
population ageing on hospital consumption and consequently on medical demography is very poorly integrated into 
the calculation and implementation of the medical professions’ numerus clausus in 2010. Thus we suggest a model that 
not only identifi es the effective demand for care on operational geographical scale, namely, the health territory, but that 
also makes a projection of healthcare consumption based on the age of population of each “health territory” in a T+1 
future. To illustrate this model, we take as example the obstetricians’ activity in France.
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Introduction

The better territorial equity requires balance between supply 
and demand for care. But on which territory? At the local 
level, an operational infra-departmental territory or even sub-
urban territory for large cities should be defi ned. The territorial 
consensus between participants can be reached by managing 
both the fl ows of users and the geographical distribution of 
specialists on French territory. Furthermore, the territory is 
not fi xed in time, it changes in accordance with dynamics of 
its own population [1]. Among the determinants of health, the 
age variable is predominant in care consumption. The impact 
of population ageing on medical demography represents 
a signifi cant issue today [2], but it is still not, unfortunately, 
properly integrated into the calculation and the implementation 
of the numerus clausus, i.e. a number of students admitted to 
each medical, dental, pharmaceutical and midwifery program 
after the fi rst year of study [3].  So, it is legitimate for each 
discipline (medical, surgical, medical-surgical), or even for 
each specialty (urology, vascular surgery, obstetricians, 
etc.), to plan what their most likely activity would be in ten to 
fi fteen years to come. The medical and surgical specialties 
assignment, introduced by the Hospital Patient Health Territory 
(HPST) law of July 21, 2009, allows now to manage the fl ows 
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and to control the geographical distribution of specialists 
on the French territory according to the regional numerus 
clausus. It is a regulated number which is fi xed each year in 
accordance with population needs in care. The challenges of 
medical demography have become a major issue in public 
health taking into account the conjunction of two phenomena 
such as massive retirements of the “baby-boom” generation 
and a delay in the medical training due to the numerus clausus
[4, 5] that had not anticipated this phenomenon. However, it is 
necessary to identify the more precise population dynamics at 
the local level in order to determine the dynamics at regional 
level. 
The purpose of this study is to analyse the effective demand 
for care in the context of massive retirement of “baby boom” 
generation practitioners and a delay in the medical training 
induced by the “numerus clausus” that had not anticipated 
that phenomenon. The following questions are raised: the real 
population health care consumption, how can it be assessed? 
The health care supply, does it meet the population effective 
demand for care at the regional level? And will it be the case 
in the coming years? The example of the obstetricians’ activity 
in France will be studied.

© 2018 Katerina Kononovich. This is an open access article distributed under the 
Creative Commons Attribution-NonCommercial-NoDerivs license (http://creative-
commons.org/licenses/by-nc-nd/3.0/).

Research Article • DOI: http://dx.doi.org/10.2478/medu-2018-0004 Medical University • 1(1) • 2018



26

Medical University

To set up an operational network, the “departure-arrival” 
fl ows should be studied according to a given problematic 
(obstetrics, urology, etc.) by means of the “relative fl ow 
method”. Transposed to the hospital area, the “home-health 
centre” users’ fl ows are analysed. This method allows to 
defi ne the territory operational experience based on users’ 
spatial practices which doesn’t necessarily coincide with 
administrative territory borders.
This territorial approach can be presented with a scheme. 
In Figure 1, each arrow symbolises, not only, the volume of 
hospitalised patients living on this territorial entity (municipality, 
postal code), but also the major orientation of hospitalisation 
fl ows (even in relative terms) living in each municipality or 
postal code. The method is based on a “descending sort” of 
each “place of departure” to all “place of arrival”.

Figure 1. Relative major orientation of hospitalized 
patients to a hospital centre

As a result, all municipalities (postal codes) are then classifi ed 
without any overlap or omission, according to the importance 
of their place of departure and destination. All municipalities 
(or postal codes), whose major (even relative) fl ows of 

Operational space network

Benchmark territory construction
The territory, as it is defi ned in the dictionary of health 
geography of Henri Pichéral [6], can be spelled out through 
different aspects. The territory is a spatial organisation with 
well-defi ned borders where “any administrative and functional 
(health sector, supervision)… authority, power, competence 
are exercised. And in case if balance, equity is not provided 
or not well provided, it requires the territory planning by 
health care planning”. But the territory is also a space “of a 
community with its routine, its lifestyle habits; the territory is 
perceived, it is viewed as a space experience (living area) ....” 
Thus the territory can be defi ned as a an administrative space 
predetermined by the authority and based on the principle of 
top-down management, as well as a living area (experience 
territory) designed by users’ daily routine [7]. However, the 
experience territory remains unnoticed for a long time. This 
refers to the philosophical view of the subject as Berkeley’s 
[8] immaterialism stating “esse is percipi aut percipere” (Being 
means to be perceived or to perceive), which questions the 
very existence of the territory experience. But also to Kant’s [9] 
view and its concept of numen, an object of intellectual intuition, 
which brings to the concept of territory experience its right to 
exist (the territory is considered as a numen) [10]. Thus, it is 
necessary to study the daily practices of users, or the fl ows, to 
defi ne the experience territory borders.
Since the end of the 1980s, the health geographers have been 
interested in defi ning the operational health territory [11, 12]. 
Many options have been explored in order to overcome an 
inappropriate and obsolete geographical division of “health 
sectorisation” resulting from the hospital law of 1970 [13, 14]. 
The “Juppé Ordinances”, which came into force in April 1996, 
have changed the hospital landscape as establishments had to 
provide each year the data of their activity to the newly created 
Regional Hospitalisation Agencies. Consequently, since 1999 
the spatial activity of users can be tracked in each discipline or 
hospital specialty [15].

Methods

The methodology of this study is based on the setting up of the 
operational network. The application of the operational network 
technique in health geography is inspired by the Mirabel method 
of The National Institute of Statistics and Economic Studies 
(INSEE) proposed in 1975 by J-J Ronsac and C. Terrier. This 
method is initially based on the analysis of users’ “home-work” 
fl ows in order to delimit the “employment territory” [16, 17].
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hospitalised patients are directed to the same hospital centre, 
belong and constitute a health territory. The formulation of this 
major orientation of hospitalised patients to a hospital centre is 
represented as:

∑
= 

a""ty municipali the from coming patients edhospitalis
A""center  hospital  the to a""ty municipali  the from coming patients  edHospitalis

Majority tie  "Home − Hospital"  

Where
« a » is a « departure » spatial entity of hospitalised patients ;
« A » is an « arrival » hospital centre of hospitalised patients;

As this analysis is carried out for a given discipline (obstetrics, 
etc.) or for a given specialty segment (births, etc.), it comes to 
defi ning a space which refl ects a homogeneous spatial activity 
of hospitalised patients. This corresponds to a real “territory 
hospital experience”.

Results 

The operational territorial network of obstetricians in 
France 
The analysis of the fl ows in the 545 maternity units in 
metropolitan France in 2015 allows to identify 328 lived birth 
territories (Map 1). There are 7000 practicing obstetricians in 

metropolitan France to cover 800,000 births annually; however, 
the practitioners’ density is not homogeneous on each spatial 
entity [18, 19].

Differentiated spatial dynamics
The demographic dynamics are not the same on each health 
territory, so it is necessary to estimate the most probable 
changes in birth trend for the near future. For this purpose, 
we construct a “predictive model” for operational spatial 
entities based on the demographic structure changing over 
time.

Predictive modelling
This model proposes to estimate the healthcare consumption 
for “residents living on an operational territory” for the 
coming years (T1) [20]. Firstly, this model requires to identify 
the effective demand for hospital births at an operational 
geographical scale level in T0. Secondly, it proceeds to 
the projection of the number of hospital births according to 
population age structure on each health territory for T1 future. 
For this purpose, we perform a “standardization” according to 
age with the hospitalisation rates in T0, coming from Program 
for medicalization of the information systems (PMSI), on the 
age structure in T1 resulting from the OMPHALE-INSEE 
method [21, 22] on each health territory. The formula to 

Map 1. Variation in hospital activity related to births in metropolitan France between 2009 and 2012.
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Matching between supply and demand by 2020
The projection of hospital consumption related to births shows 
a slight growth at the national level between 2010 and 2020, 
i.e. 0.7% in 20 years. According to our model, the volume of 
hospital activity related to births in metropolitan France should 
rise from 777,800 acts (delivery and caesarean section) in 
2010 to 783,100 acts in 2020, which amounts to an increase of 
5,300 birth-related acts. However, this growth is far from being 
homogeneous across the country.
Finally, taking into account a consistent prospective vision 
means to group at the region level the results obtained at the 
local operational territories level. In this way, regional hospital 
demand related to births takes into account local features. 
In such a case, the numerus clausus related to the National 
Council of Universities (CNU) subsection of obstetricians 
should be increased in 3 regions, and decreased in Île-de-
France (IDF) (Table 2).

Discussion

The proposed model allowed to evaluate the effective 
demand of population for obstetrician care via the 
operational geographical network. As illustrated, the 
current administrative geographical division does not refl ect 
population spatial dynamics. So the territory operational 
experience should be taken into account for better planning 
the number of specialists on each health territory. In 2015 
Metropolitan France has 7000 obstetricians to cover 800 000 
births per year, which corresponds to 114 acts on average 
per practitioner. However, the distribution of practitioners in 
France remains unequal [25, 26]. The areas of attraction with 
a signifi cant concentration of practitioners can be identifi ed, 
such as Île-de-France with 1,813 practitioners for 179,053 
births in 2010, Rhône-Alpes region with 671 practitioners for 
80,095 births and PACA (Provence-Alpes-Côte d’Azur) with 
669 practitioners for 58,927 births; as well as territories with 
a lower concentration of practitioners, such as Limousin and 
Franche-Comté. If some disparities in hospital care regarding 
the effective demand are identifi ed, what would happen in the 
years to come? This question is signifi cant in view of changes 
in medical demography marked by the massive retirement of 
practitioners and the numerus clausus application. Indeed, 
the calculation of numerus clausus, which role is to settle the 
number of practicing doctors by region, takes into account 
only the number of retired practitioners, but does not integrate 
the dynamic of effective demand. A simple replacement of 
retirements will not be enough to cover the effective demand 
on some health territories which population continues to rise. 
It risks creating an important imbalance between supply and 
the effective demand for care between health territories. 

estimate hospital activity expected in T1 future on the spatial 
entity is expressed as follows:

∑ ⋅=
k

kTtPExpT
0

11  

Where:
Exp T1, is hospital activity on the spatial entity expected in T1;
k, is an age range;
P1, is the population size of k- age group in T1;
tkT0, is the hospital activity rate of each homogeneous patient 
age group k in T0.
Thirdly and fi nally, the result obtained from the predictive 
model is compared to the situation really observed in T1. 
Thus, a weighting index to each spatial entity predictive model 
can be established as follows:

1

1

TObsAct
ExpT

=λ  

Where:
 is a weighting index calculated on the basis of hospital activity 
between the period T0 and T1;
Act Obs T1, is hospital activity observed on the spatial entity 
in T1.

This weighting index is used then to calculate the activity 
projection for a T2 future which is more distant than T1. This 
weighting index  allows to correct the trend of the projections 
obtained from the initial predictive model and related only to 
the impact of population ageing on the hospital births. Thus, it 
means to take into account changes in the medical practices 
and the ways of hospitalisation between T0 and T1 for T2 future 
which remains unknown.
Thus, the formula to estimate hospital activity expected in T2 
future on the spatial entity is expressed as follows:

∑ ⋅⋅=
k

kTtPExpT λ
0

22  

Where:
ExpT2, is hospital activity expected in T2 future following T1 on 
the spatial entity;
k, is a range of homogeneous patient group;
P2, is the population size of k-group in T2;
tkT0, is the hospital activity rate of each homogeneous patient 
age group k in T0;
 is a weighting index calculated between T0 and T1.

This model is reliable for T2. Indeed, according to the research 
study published in 2012, the test on slope of regression line 
states that the volume of activity weighted and expected in T2 
does not show any signifi cant difference compared with the 
volume of activity observed in T2 [23, 24].
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This has been demonstrated by our model by identifying the 
effective demand in T0 period, which has allowed to estimate 
the effective demand for care in the coming years.
Thus, signifi cant changes in number of births are estimated 
by 2020 in three regions of Metropolitan France, such as 
Rhône-Alpes, PACA and Midi-Pyrénées, which will welcome 
2,305, 1,077 and 679 births more respectively. It should also 
be noted that despite a high concentration of practitioners 
in these regions, especially in Rhône-Alpes and PACA, 
the current supply of care will not be suffi cient to cover the 
increase in population health care needs. Indeed, in order 
to satisfy the actual population demand in care without 
overloading practitioners (taking as a reference the average 
number of acts per region and per practitioner), the Rhône-
Alpes region will need 21 practitioners more in addition to 
the replacement of retired practitioners, the PACA region will 
need 14 practitioners more and the Midi-Pyrénées region 7 

practitioners more (Table 2). Consequently, the numerus 
clausus should be increased in these regions.
The region of Brittany should be also mentioned with a slight 
decline in the number of births by 2020; however it would not 
have any impact on medical demography.
The proposed model also allows to identify a practitioner 
surplus in the Île-de-France region, which represents 6 
practitioners. In this case, the numerus clausus for the Île-
de-France region should be reduced by 6. The practitioner 
surplus has its impact on the care consumption as well. 
Indeed, previous studies have proved the impact of the 
increasing number of practitioners on the care consumption. 
This phenomenon, which refers to Say’s law of markets, has 
been analysed by health economist Robert Evans, who has 
determined that the increase in the number of practitioners 
will inevitably lead to an increase in the care consumption and 
so to the growth of health care costs [27].

Table 2. Estimated changes in number of obstetricians by region by 2020

Year 2010 2020 V* 2009/2020

Regions OB-GYN&GYN Birth acts OB-GYN&GYN Birth acts OB-GYN&GYN Birth acts

Rhone Alpes 671 80 095 692 82 400 21 2,88

РАСА 669 58 927 683 60 004 14 1,83

Midi Pyrenees 297 31 206 304 31 885 7 2,18

Aquitaine 364 33606 368 33 766 4 0,48

Nord Pas de Calais 424 55795 427 56131 3 0,60

Languedoc Roussillon 243 28913 246 29 248 3 1,16

Haute Normandie 149 22 282 151 22 624 2 1,54

Pays de la Loire 302 44633 304 44 661 2 0,04

Centre 226 29173 228 29 379 2 0,71

Auvergne 132 12952 133 12 986 1 0,26

Bourgogne 138 17 499 139 17 532 1 0,19

Picardie 160 22 925 161 23 141 1 0,94

Poitou Charentes 148 17 486 149 17 494 1 0.04

Alsace 225 22 009 226 22 087 1 0,36

Bretagne 297 36 830 297 36 770 0 -0,16

Limousin 56 7835 54 7591 -2 -3,12

Champagne Ardennes 112 15759 110 15 553 -2 -1,31

Lorraine 245 26152 243 25 865 -2 -1,10

Franche Comte 89 14 342 86 13 927 -3 -2,90

Basse Normandie 142 17 430 139 17 027 -3 -2,31

IDF 1813 179 053 1807 180 161 -6 0.62

Metropolitan France 6 902 774 903 6949 780 224 47 0.69



30

Medical University

Moreover, in terms of spatial equity, population will be unequally 
provided with healthcare which will be more and more 
dissociated from population real health needs. In geography, 
the paradigm is based on the principle that the knowledge of 
the “local” level allows to aggregate “larger spatial entities”. 
This “Girondine” approach, so federalist, offers the best 
possible vision on care consumption in order to defi ne then 
a precise geographic network. In these circumstances, the 
“dialectical game” of overlaying geographical scales allows to 
build the best possible matching between supply and “needs 
of care” of population, or rather, population effective demand 
for healthcare consumption.
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Thus, basing on the proposed model results, we can conclude 
that the numerus clausus should be adjusted to the effective 
demand at region level in order to satisfy the population needs 
in health care in the coming years. A particular attention should 
be paid to the regions of Rhône-Alpes, PACA, Midi-Pyrénées 
and Île-de-France.

Conclusion

This research aims primarily to provide the most realistic 
territorial diagnosis in order to present an objective expertise 
to “public authorities”. However, it is regrettable that the 
National Observatory of Health Professionals (ONDPS) still 
does not integrate in 2012 the impact of population ageing 
on the medical and surgical care in the calculation of the 
numerus clausus for each specialisation. Indeed, the simple 
replacement of retired doctors will not be enough to maintain 
the same level of activity for each practitioner. The impact 
of population ageing will inevitably lead to an increase of 
practitioners’ activity. This is due to the fact that the delegation 
of medical tasks to paramedical practitioners does not reach 
unanimous agreement among health practitioners, on the one 
hand, and that the estimation of numerus clausus is based 
only on the number of retired practitioners, on the other hand. 
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Abstract
For more than 25 years Niigata University School of Medicine has been organizing medical exchanges with universities 
of the Russian Far East and Siberia. This exchange has turned out to be mutually benefi cial for both universities, giving 
motivation to medical students and young doctors to strive for knowledge of international medicine. “Program for 
priority placement of foreign students sponsored by Japanese government” and “Re-inventing Japan project” initiated 
by Japanese Ministry of Education, Culture, Sports, Science and Technology (MEXT) were adopted in 2014, so it gave us 
a perfect opportunity to expand the existing program. In 2017, the MEXT approved the application of Niigata University 
together with Hokkaido University for «Program of Globalization in the fi eld of university education (in cooperation 
with Russia), the creation of a platform for interaction”. We hope advances in the fi eld of medicine and medical care 
achieved as a result of such unique cooperation between Japan and Russia will greatly contribute not only to the 
welfare of citizens of both countries, but also to the development of industry and economy. We would like to share 
experience gained by our university in the sphere of Japanese-Russian medical exchanges and educational programs, 
as well to describe the prospects for further development.
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Introduction

Globalization actively changes the content of scientifi c 
medical knowledge, infl uences the processes of its 
obtaining and understanding by medical staff [1]. It is 
important to pay attention to those aspects that should be 
taken into account in the organization of medical education 
[2]. Though in recent years the number of undergraduate 
and graduate students who are trained abroad is gradually 
increasing [3, 4]. Not very many Japanese medical students 
take part in international exchange programs at this point 
[5]. In order to increase the number of Japanese medical 
professionals who can act on the international level, we 
need to follow the progressive globalization and do our 
best to make students interested in foreign medicine, 
as international experience positively infl uences their 
careers [6]. So Niigata University aims to foster healthcare 
professionals with global medical knowledge who can meet 
all society’s expectations [7-10].

Corresponding author: S. Yamakawa
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Historically Niigata was a gateway of friendship between 
Japan and Russia. It is still the city deeply connected with 
Russia, and this is also evident from the fact that there is 
the Consulate General of Russia in Niigata. The history 
of exchanges between Niigata University and Russian 
universities is long and can be traced back to 1992. At 
that time a member of the House of Representatives Taro 
Nakayama established the Japan-Russia Medical Exchange 
Foundation as a humanitarian aid to victims of the Chernobyl 
accident. So at fi rst, the Endoscopic Training Center was 
established in Krasnoyarsk and fi rst Japanese experts were 
sent there. Exchanges with three universities – Krasnoyarsk 
State Medical University (KrasSMU), Far Eastern State 
Medical University, Khabarovsk (FESMU) and Pacifi c 
State Medical University, former Vladivostok State Medical 
University (PSMU) – started in 1993, agreements on the 
faculty level were concluded in 1998. Since that moment, 
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So we decided to step forward to further the development 
of our relationships. Thus, we submitted two applications 
for “Program of priority placement of foreign students 
sponsored by Japanese government” and “Re-inventing 
Japan program”, and they were both adopted by Japanese 
MEXT in 2014. As for “Priority placement program” 
only outstanding international students are accepted as 
government-sponsored students. They study as graduate 
students; their tuition fees and living expenses are paid. 
The aim of “Re-inventing Japan” program is to foster young 
leaders who can cope with recent rapid internationalization 
of medicine.
Close partnership is very important for bidirectional exchange 
programs, as it is essential to develop an interaction strategy, 
to settle differences in academic systems and educational 
standards [9]. KrasSMU, FESMU and PSMU became our 
main partners. Thus, we created a bridge between Russia 
and Japan that helps to expand medical cooperation between 
two countries. Furthermore, we have created an educational 
framework to educate «global medical leaders» that will 
contribute to the advancement of the world medicine [7]. So, 
we had two projects with different target groups and program 
content, but with one ultimate goal. Therefore, to achieve 
mutually potentiating effect, «G-MedEx Project (Globalization 
and Medical Exchange Project for Career Development of 
Young Students in Japan and Russia)» was created, with 
a center that simultaneously manages and evaluates both 
projects.
First of all, it is necessary to emphasize that these projects 
are the activities of the entire Niigata University. The «control 
center» was created under the leadership of the university 
president and established in the faculty of medicine (Figure 
1). It plays a central role in the management of the G-MedEx 
project. It consists of 4 faculty and administrative staff 
members, who are involved in project management, student 
performance management, clerical work, etc. In addition, 
it is responsible for entire project activation, including 
«quality assurance» of education and sharing the results 
with other university faculties. All the members of G-MedEx 
Control Center can fl uently speak Russian or English. 
The University Steering Committee decides the details of 
the project in cooperation with the supervising center. In 
addition, steering committees were established in each of 
the three Russian universities, and KrasSMU which was 
selected as the main university with the closest connection 
with Niigata University. It helped to organize interaction 
with other Russian universities. The Japanese side and the 
Russian side jointly manage the project, working closely with 
staff of the control center. A feedback system that objectively 
monitors the progress of the project and its results is needed 
in order to make the project successful. To this end, we 
have the Internal Evaluation Committee consisting of four 

Niigata University has established close collaboration between 
Japan and Russia and it has become one of the pillars of its 
international activity. To date, more than 320 medical students 
have participated in various exchange programs. In addition, 
Niigata University has accepted about 70 doctors and nurses 
from all over Russia, teaching them various advanced medical 
technologies, including endoscopy.

Methods

The credit system measures study time and compares learning 
achievements, helping students easily transfer credits from 
one institution to another. This idea was originated in the 
United States of America and introduced to Japan during the 
post-World War II era. Soviet education system didn’t use 
credits at all and Russia joined the Bologna process only in 
2003. Russian universities mainly use ECTS (European Credit 
Transfer System) which is an important element of the Bologna 
process. Both countries have peculiarities in education and 
credit transfer systems that is why it as discussed in detail 
with Russian side before the project have started. 
Full doctoral course in Japan is basically a four-year course, 
while in Russia it is a three-year course. During the whole 
study period Russian graduate student has to get 180 credits, 
while Japanese student has to get 30 credits.
The number of study hours needed to get 1 credit in Russia 
and Japan is very different. In Russia, 1 credit equals 36 study 
hours, one study hour is 45 minutes. In Niigata University 2 
credits equal 15 study hours, 1 study hour is 90 minutes. In 
other words, in order to get one credit, Russian students have 
to study twice longer. 
Based on these differences and consultation with the Russian 
side, mutual understanding on compatible credits was 
reached.
That is why the following scheme of credit transfer system 
was accepted for Double Degree Program. The student has 
to get 30 credits in four years. Niigata University accepts up 
to 10 credits from the Russian University, so the rest of credits 
student gets in Japan. 
Regular PhD students who stay in Niigata University for the 
short term have a limit on compatible credits according to the 
study period.  

Results

G - MedEx project and its management 
As mentioned above, medical exchange with Russia was 
always one of the outstanding features of our university. 
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professors from the Niigata University School of Medicine 
and the External Evaluation Committee consisting of four 
experts from other universities. Each time we receive an 
evaluation of our project by experts at annual meetings, we 
try to improve it.

Types of exchange programs
Our project can be divided into «Medical (undergraduate) 
student exchange» and «Graduate student exchange» (Table 
1). Although undergraduate student exchanges are short 
time exchanges, their aim is to motivate students to study 
international medicine and to develop future exchanges with 
other countries. Graduate student exchanges are essential for 
educating future global medical leaders’ of Japan and Russia, 
as most postgraduate participants work as doctors. Based on 
the requests from both countries, we create programs that 
take into account unique characteristics of each university. 
The main language of all program participants is English. 
Participants undergo a rigorous selection based on academic 
performance, English language profi ciency and the results of 
the interview. 
А. «Medical (undergraduate) student exchange» includes the 

following programs.
(1) Summer Exchange Program 
It is an exchange program which lasts about 10 days during 
summer holidays. One academic credit is given after the 
program is fi nished. 
We receive approximately 7 Russian students a year. Students 
are given lectures on Japanese medicine and medical care, 
its present situation. They also have some practical trainings 
in chosen department and hospital fi eld trips. 
We also send about seven second-fourth-year students of 
Niigata University School of medicine to Russian Universities 
we have agreements with. It is very important for Japanese 
students to learn about the level of medicine in other countries. 
They have the opportunity to choose an internship department 
in advance in accordance with the desired specialty. Students 
receive not only theoretical knowledge, but practical as well, 
studying directly at the patient’s bedside.
(2) Medical Research Training Program 
Within the framework of this program, we send two third-
year students to Russian partner universities every year for 
two months. There they conduct individual research work 
under the guidance of local teachers. Upon returning home, 
they do a poster presentation and receive seven academic 
credits.
At fi rst this program was not intended to be bidirectional, but 
in order to meet the needs of Russian partners, it was decided 
to accept Russian undergraduate students for about a month 
of training during summer holidays. So, Russian students also 
have a chance to get some research experience abroad in the 
fi eld of medicine they are interested in. 

B. «Graduate student exchange» also includes a variety of 
programs

(3) Double Degree Program (DDP) 
According to DDP we accept one student from each of three 
Russian universities. In case of this program, orchestrated 
efforts of research groups on both sides are needed. Therefore, 
it was decided that this would be a four-year program, 
during which the fi rst two years a student studies in Russia, 
and the second half of the term at Niigata University. The 
research project is usually discussed in detail by two parties 
immediately after the candidate’s entrance examinations and 
during his/her studies. Based on the rules of our university, 
part of the credits received in Russia is transferred to the 
student according to credit transfer system. The student has 
to publish at least one basic and one additional article in an 
international journal in his research fi eld. It is also necessary 
to prepare an oral presentation of the published article. An 
article should be approved by the representatives of Niigata 
University School of Medicine and International Cooperation 
Steering Committee. Due to the fact that the duration of the 
postgraduate course in Russia is three years, the student 
returns for a certain period to Russia to complete necessary 
offi cial procedures. Certain research themes are decided 
taking into account the request of the Russian side. They are 
infectious diseases, lifestyle diseases, community medicine. 
(4) Regular PhD Program (RPP) 
Participants of the program are graduate university students. 
They have a short-term internship at a partner university and 
receive credits according to the credit transfer system accepted.  
Niigata University has the largest medical facility located on 
the shores of the Japanese Sea and it is famous for its high 
medical standards. Therefore, Russian students can have 
great merits studying at our university even during a short 
period of time. In order to meet the needs of our partners RPP 
is quite fl exible about topics and period students would like 
to study in Niigata University. 4 graduate students a year are 
accepted.   This program is very useful for Japanese students 
as well. The imbalance in the location of medical institutions 
due to regional disparities and the uneven distribution of the 
population, especially in the Far East of Russia, will in the near 
future become urgent problems for Japan. This is connected 
with the aging of the population and the depopulation of some 
certain areas of Japan. In addition, Japanese students will be 
able to learn more about infectious diseases which cannot be 
widely seen in Japan and it will also improve the training of 
Japanese medical personnel. Proceeding from the above, it 
was decided that such topics as infectious, cardiovascular 
diseases and preventive medicine, will become the most 
interesting, and also will allow to use strong points of Russian 
universities. According to our plan two graduate students 
a year will go to Russia. The study period is fl exible from 2 
weeks to 2 to 3 months.
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with our Russian partners several times a year (Faculty 
Development). We also hold seminars to promote further 
development of G-MedEx project in Japan and Russia, report 
on the progress of the project and achievements in the fi eld 
of education and research. Since 2016, the «Japanese-
Russian Medical Symposium» has been held annually with 
the participation of all three partner universities. This is a very 
valuable opportunity to talk and discuss various topics related 
to education and research in the fi eld of medicine, as well as 
to report on the achievements and results of cooperation.
Within the framework of the G-MedEx project, every two 
years we hold an event supported by city and prefectural 
government for citizens of Niigata. The goal is to explain the 
essence of the project in simple language and to introduce 
the Russian culture. All activities carried as a part of G-MedEx 
project are widely covered in brochures, on the project’s 
website and annual reports that are issued at the end of each 
year. Three Russian universities have been our main partners 
to date, but G-MedEx project has gradually gained wide 
popularity and some other Russian medical universities show 
their willingness to cooperate with us (Figure 3). Therefore, in 
2017 we decided to accept students from 3 new universities: 
St. Petersburg State University, Kazan Federal University and 
North-Eastern Federal University. The fi rst two universities are 
located in the European part of Russia, North-Eastern Federal 
University is located in Yakutsk, the capital of the Sakha 
Republic, which is known for its great medical facilities. In 
addition, an exchange with Kazan State Medical University and 
Moscow State Medical University started in 2018. Expansion 
of the list of partner universities that are now located all over 
Russia, and not just in Siberia and the Far East, allows us to 
learn more about the problems of community medicine faced 
by universities, for example, regional disparities, and to give 
impetus to the further development of the project.          
In order to carry out exchange programs (such as the Special 
program for priority placement of foreign students, DDP 
and RPP) smoothly and effectively, close communication 
between faculty members is necessary [12]. In addition, in 
order to reach a higher level of medicine and medical services 
development in both countries, it is very important to conduct 
joint international research. Currently, the main focus is on 
infectious diseases (especially tuberculosis) and Alzheimer’s 
disease. We are confi dent that the development of joint 
research will further strengthen the education framework.
The goal of the program for globalization in the fi eld of university 
education (creation/construction) of a platform, which was 
mentioned at the beginning, is to create/construct the platform for 
gathering and exchanging information, as well as accumulating 
experience of inter-university exchanges between Japan and 
Russia. In addition, the «economic cooperation plan, consisting 
of 8 points» was presented at the Japan-Russia Summit in 
May 2016. «Japan-Russia University Association» which was 

(5) Special program for priority placement of foreign students 
sponsored by Japanese Government  

Participants of this program are supported by Japanese 
government. Every year, Niigata University School of Medicine 
accepts two PhD students. They study for four years as the 
Niigata University PhD students to obtain a degree. They 
carry out scientifi c research in the fi eld of infectious diseases 
using advanced research techniques.  

Support of students
Students who go to study abroad have a lot of fears and 
expectations which the university they are attending should 
think about. They worry about the access to university 
places, the provision of fi nancial aid, social support, cultural 
integration, etc. [10, 11]
This is the reason why G-MedEx project provides extensive 
student support. In addition to full support of the accommodation 
which is always the greatest concern of foreign students, we 
always think about health care. The special health care center 
consisting of several doctors, including a psychiatrist was 
established in order to support students. 
The offi cial language of the project is English, but since 2016 
students are offered to attend Japanese language courses to 
learn Japanese that can be used in everyday life. Furthermore, 
we invite leading Japanese scientists to our university to 
give special lectures that also contribute to the deepening of 
knowledge and a better understanding of Japanese culture.
For Japanese students who plan to visit Russia, orientation 
events and seminars are held in advance to provide suffi cient 
safety information and caution. In addition, we have organized 
the «Japan-Russia emergency contact network», which 
allows us to support students around the clock.
It is also extremely important to support student’s career 
path. A special support system is necessary, as students can 
actively work as doctors and researchers. The supervising 
center plans to cooperate closely with the steering committees 
of the Russian universities and prepare some positions where 
students can establish themselves after graduation.
We have also launched an alumni association page in 
Facebook and provided a place for program graduates to 
communicate freely. They share information with each other 
and have career counseling.

Discussion

At the very beginning of two projects, we went to Russia in 
order to provide suffi cient mutual understanding and explain 
the essence of the interaction, but during the implementation 
some misunderstandings inevitably happen. In order to 
prevent them and react quickly, we hold joint meetings 
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established during Japan-Russia Summit in December 2016 
was requested to formulate a concrete action plan. 
Together with Hokkaido University we have made the project 
proposal. It is planned that the universities of both countries, 
in cooperation with industrial enterprises and local authorities, 
will contribute to the expansion and development of Japan-
Russia relations in the following areas: ‘health and medicine’, 
‘urban development’, ‘cooperation among small and 
medium-sized companies’, ‘energy’, ‘promotion of industrial 
diversifi cation’, ‘industrial development of the Far East’, 
‘cooperation on advanced technologies’ and “expanding 
people-to-people exchanges”. 
In particular, together with other Russian universities, we are 
planning to create a consortium which will unite stakeholders 
of both countries. We will participate and work together on 
human resource development and promotion of the program. 
Our university became the leader of «health and medicine» 
section. Besides, Japan-Russia Medical Symposium was held 
in Vladivostok last year in September. It was also attended by 
the Deputy Minister of Health of the Russian Federation, the 
Deputy Minister of Japanese MEXT. Within the framework of 
the symposium, all presidents of Russian partner universities 
reported on the results of the project. Furthermore, the 
establishment of a coordination system between universities 
was confi rmed. So we will be steady in our purpose, organizing 
various exchange events in the future.  

Although G-MedEx is a program specialized in the medical 
fi eld, we hope that it will be a starting point for a wide 
range of international exchanges. We hope that using the 
achievements of G-MedEx project and accumulated know-
how in the fi eld of international exchange we will spread our 
initiative and create a platform, so all our efforts will lead 
to revitalization of Japan-Russia exchanges. We are looking 
forward to further deepening of friendship between Russia 
and Japan. 
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FIGURE LEGENDS

Figure 1. Project management and evaluation system.
Control Center is responsible for «guarantee of quality”, project follow-up and information sharing. Steering committees were established in 
Niigata University and all three Russian universities. The Japanese side and the Russian side jointly manage the project, working closely 
with staff of the control center. Internal Evaluation Committee consisting of four professors from the Niigata University School of Medicine 
and the External Evaluation Committee consisting of four experts from other universities make an assessment during annual meetings.  
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Figure 2 Niigata University and eight Russian partner universities.
Partner universities in European Russia: 1-Moscow State University, Faculty of Fundamental Medicine; 2-St. Petersburg State University, 
Medical Faculty; 3-Kazan Federal University, Institute of Fundumental Medicine and Biology; 4-Kazan State Medical University. Partners in 
the Russian Far East: 5-Krasnoyarsk State Medical University, 6-Far Eastern State Medical University; 7-Pacifi c State Medical University; 
8-North-Eastern Federal University, Institute of Medicine.



39

Medical University

TABLE CAPTIONS

Table 1 Student exchange numbers, 2017

Student exchange 2015 2016 2017

Total number

Classifi cation Planned Achieved Planned Achieved Planned Achieved

Outbound 11 13 11 16 13 20

Inbound 16 19 16 21 20 29

Overall 27 32 27 37 33 49

Program type Classifi cation Planned Achieved Planned Achieved Planned Achieved

1 Summer exchange program for medical 
students

Outbound 7 10 7 7 8 12

Inbound 7 11 7 12 9 18

2 Medical research training program
Outbound 2 1 2 7 2 5

Inbound – – 0 1 0 3

3 Regular PhD program
Outbound 2 2 2 2 3 3

Inbound 4 4 4 4 6 6

4 Double Degree program Inbound 3 2 3 3 3 0

5 Special program for priority placement 
of foreign students Inbound 2 2 2 1 2 2

 Bold numbers-hit target
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Abstract
The paper discusses the new interactive technologies in teaching Russian as a foreign language. Based on  a review 
of literature, research, theory, internet resources and current teaching practices the paper considers both theoretical 
and practical aspects of the usage of interactive technology in teaching Russian as a foreign language for medical 
students. The author demonstrates that learning Russian plays a vital role for foreign students studying medicine in 
Russia, being a prerequisite for their educational and professional work performance during their studies in a Russian 
university.  The new modern technologies of teaching such as interactive teaching technologies largely contribute to 
the increase of foreign students’ motivation for learning the Russian language, particularly for medical and biological 
studies, and the effi ciency of the learning process, as well as to the development of an active verbal communication 
during the classroom activities. Teaching experience demonstrates the effectiveness of interactive technologies for the 
development of speaking profi ciency, interpersonal and communication skills. Based on the theory of teaching practice 
at a medical university and on the literature review as well, we specifi ed the core characteristics of the interactive 
technologies compared to the traditional methods of teaching. Our review’s results make it possible to suggest that 
interactive technologies implementation should be  based on mechanisms of dialogue, refl exivity and collaboration. 
These mechanisms contribute to the formation of the communicative as well as professional competence of foreign 
students.
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Introduction

It is evident that a signifi cant place in the education system 
strengthens the position of any language in the world 
nowadays. The prospect of a partnership of cooperation 
with Russia, where Russian is a state language, creates 
the need for a practical learning of the Russian language 
by foreigners. This also explains the need for the existing 
of contemporary export of educational services within the 
framework of the preparation of specialists for foreign 
countries. 
Currently, teaching Russian as a foreign language has 
been actively developed as a relevant and promising area. 
Interest in the learning of the Russian language is constantly 
increasing worldwide. Every year, more and more foreigners 
living in Russia and abroad are interested in the Russian 
language, are willing to learn it and become competent 
Russian speakers [1, 2].
 The grasping of the basics of the Russian language is 
a prerequisite for the educational and professional work 
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performance while studying at a Russian university. 
 Increasing foreign students’ motivation for learning Russian, 
particularly for medical and biological studies, searching 
for methods, techniques and technologies to increase the 
effi ciency of the learning process, and supporting an active 
verbal communication during the classroom activities is a 
relevant problem. The solution of this problem requires the 
use of new teaching technologies [1, 3, 4, 5].

Methods

 The methods of investigation comprised analytical and 
descriptive methods of the research, theory and current 
teaching practices  review, existing literate & internet 
resources review, as well as a method of teaching experience 
review [1-15]. 
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communication, a person takes on a role, plays it and obtains 
an idea for how a communication partner perceives it, 
interprets the situation and coordinates his/her own actions 
[3, 4]. This interaction leas to the development of the person 
and his/her creative abilities, as well as the ability to think and 
be aware of oneself as a special person. 
All mentioned becomes very relevant for linguistic training. 
Regarding this, new technology and forms of teaching foreign 
languages, particularly Russian as a foreign language, are 
being elaborated.
Technology is known to be the most effective way to achieve 
the objectives [2]. Being an integral concept, educational 
technology is considered as a model of educational activity of a 
teacher and a student (or a group of students) within preparing 
and conducting the educational process. New educational 
technology in language teaching refers to a contemporary 
stage of development of updated teaching methods and 
techniques used to form and develop students’ communicative 
competence. Among modern educational technologies, there 
are interactive technologies based on the active interaction and 
communication between a student and a teacher and other 
students (the ability to work cooperatively in a group). They 
are based on interactionism, which is one of the most popular 
concepts of modern social psychology [5, 7, 8, 9]. 
Research indicates that interactive learning technology has 
been developed since the end of the 20th century in the 
United States (D. Halpern, C. Temple, D. Steele, K. Meredith) 
as a universal form of teaching various subjects for students 
of all ages, and jointly implemented by lecturers around the 
world [10]. These technologies are successfully used as for 
traditional model of teaching so in contemporary one, including 
a foreign language teaching, particularly Russian as a foreign 
language. The mastering of communication skills and social 
interactions of foreign students becomes the main goal of the 
contemporary methodology of teaching Russian as a Foreign 
Language. The process of communication serves not only as 

Results

Our review results make it possible to suggest that the use 
of interactive technologies in teaching Russian as a foreign 
language for international medical students represents a new 
methodological approach to the training process organization. 
Aiming to form students and teachers’ personal attitude 
towards the educational process, this approach is reported 
to proceed from the mechanisms of dialogue, refl exivity 
and cooperation, providing educational actors’ involvement 
into the training process and their personal responsibility 
for its results [3]. Ba sed on the theory of teaching practice 
at medical universities and on literature review results [1-
15], we specifi ed the core characteristics of the interactive 
technologies compared to the traditional methods of teaching 
in the following Table.
The analysis of the distinctive features of interactive technologies 
of teaching Russian as a foreign language demonstrates 
their compliance with the modern requirements of training, 
confi rms the effectiveness of their usage in the contemporary 
conditions of training. In simple terms, students can more easily 
understand and memorize the material they have studied 
through active involvement in the learning process. Based on 
this, today, the main methodological innovations are associated 
with interactive teaching technologies. 

Discussion

In modern psycholinguistics and social psychology, 
communicative activity becomes the key object of study. 
There are new psychological and pedagogical theories, which 
emphasize people’s social interaction and collaboration, 
considered as interpersonal communication. In interpersonal 

Table 1. Comparative characteristics of traditional learning and interactive technologies:

Features Traditional forms of teaching  Interactive technologies

Main Subject Teacher or lecturer is the main subject of the 
educational process

Students are the main subjects of the educational process 

The activity 
of students

The passive activity of students High students’ activity and interaction 

Style The authoritarian style of interaction A more democratic style of interaction

Source The teacher is the main source of information, the 
only knowledge translator. It is the teacher who 
decides how and what to study and forms the 
students’ views. 

Communication & collaboration are the main parts of the teaching 
process.  The teacher is a partner and coordinator of communication. 
Openness, interaction of the educational process participants, equality 
of their arguments, accumulation of joint knowledge, the possibility of 
mutual evaluation and control. 

Forms of classwork 
activities 

Lectures, training exercises, self-paced work, fi nal 
papers, tests

Individual, pair and group work, project work, role-playing games, 
work with documents and various sources of information, web-quests, 
computer technologies  
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a leading learning objective but also as a means to achieve 
the learning goal. Due to this approach, communicativity 
ceases to be a simple phenomenon but becomes an essential 
principle of the learning process construction. The best option 
to develop students’ communicative skills is collaboration [11]. 
According to educationalist Ken Robinson, education systems 
should recognize that “most great learning happens in groups”, 
because “collaboration is the stuff of growth” [12]. Of course, 
to communicate in any language, learners need to talk to each 
other. Therefore, language classes are a very natural place to 
use collaborative learning strategies [13, 14]. 
Studies have shown that when learners work in groups it 
leads to their improved achievement, retention of learning 
and social relationships, as well as increase in their intrinsic 
motivation. It can lessen the stress of contributing to a whole-
class situation and give more time for learners to work at 
their own pace. Development of collaborative learning skills 
in university settings helps to get students prepared for their 
future life and work as part of a team [15]. For example, 
working on group projects in university settings, the students 
get prepared for teamwork with common goals and collective, 
as well as individual, responsibility, which is required in most 
workplaces. 
As our teaching experience shows the main objectives to 
use the interactive technologies in teaching Russian as a 
Foreign Language are the formation and development of 
communicative skills and activity (speaking, writing, reading, 
and listening comprehension), effective assimilation of 
educational material, as well as improving and maintaining 
interest in learning Russian. Using similar technologies 
in the classroom settings, students can generalize their 
learning and communicative experience. The primary focus 
should be on communication skills, collaborative activity and 
teamwork skills development. Pair work and group work are 
critical in a communicative classroom. In this process, the 
language teacher assumes the role of organizer, supervisor 
and a direct participant of communication, coordinates 
communication activities of students and helps them. 
Interactive teaching technologies require special methods and 

techniques of the educational interaction, such as question-
answer discussion, search of arguments for different points of 
view, exchange of opinions, and peer assessment. Interactive 
ed ucational technologies fully meet modern requirements of 
training, representing a more democratic approach to training 
organization, aimed to raise students’ intrinsic motivation, 
develop their personality, their cognitive activity and creativity.
Among collaborative learning strategies and interactive learning 
technology used in our professional practice of teaching Russian 
as a foreign language, there are: work in pairs or in small groups, 
the chain, press conference, brainstorming, team games, 
assignments, linguistic games, puzzles, crosswords, role-
playing and simulation games, case studies, project technology, 
technology of working with medical documents, the tandem 
method, interactive tours, quests and web-quests, literature 
and musical compositions, discussions, multimedia and Internet 
technologies, podcasts, edutainment technology, critical thinking 
development, contests of reciters / literary conferences, and 
festivals of Russian speech. These types of work are universal, 
since they correspond to the different stages of learning and can 
be used to develop social, cultural, and scientifi c speech skills. 

Conclusion 

The mentioned interactive forms of education are the basis 
for the development of foreign language communication skills 
and contribute to the formation of the communicative and 
social competence of foreign students. Professional teaching 
experience demonstrates the effectiveness and relevance of 
the usage of interactive technologies to improve interpersonal 
and communication skills. 
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MANAGEMENT OF MECHANISM DESIGN AS AN 
IMPORTANT WAY TO IMPROVE PUBLIC HEALTH
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Abstract
One of the most important developments of modern economics is the concept of economic mechanism design.  
Mechanism design is the study of economic mechanisms that produce behaviors in public health.  The concept has 
profound implications for management. Management involves the effective use of mechanisms to change behavior.  
Public health managers must have a strong background in sociology and psychology, negotiation, fi nance, economics, 
organizational theory, and leadership. All managers work with limited resources.  Managers must understand fi nance 
and economics:  budgets, investment in the Health Care system, accountability, investment return, optimization, and 
decision analysis. This feature creates unique challenges for educating and supporting public health managers. To 
advance public health management as a profession we must apply the basics of mechanism design to its challenges. 
Leadership science provides a base for development of managers’ personal skills and attributes. Many graduate 
programs in business management and public administration deal with public health management. Accordingly, 
application of mechanism design (economic, social and others) in public health management can help managers 
become more effective. Mechanism design in public health management could provide an important way to improve 
health of the population.
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Introduction

Public health benefi ts come from better preparation and 
support for managers all over the world. Public health 
management involves a complex of challenges. It is important 
to understand and use classic or “fi rst” principles to gain 
perspective about problems and see new solutions in diffi cult 
situations. Mechanism design processes apply classic or 
“fi rst” principles to public health management challenges [1].

Results

Understanding of public health issues requires philosophical 
insight. Health care is unique. It is “public” for the reason. Private 
markets cannot allocate health care resources effi ciently 
because competitive allocations require homogenous 
products, perfect information as well as free entry and exit 
from the markets. Health care must be provided as a public 
endeavor but it must be effi cient as well [2]. This means that 
institutions of public health are a business and it is defi nitely 
a state enterprise. This feature creates unique challenges 
for educating and supporting public health managers. To 
advance public health management as a profession we must 
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apply the basics of mechanism design to its challenges [3]. 
One of the most important developments of modern economics 
is the concept of economic mechanism design. In economics, 
mechanism design is the study of economic mechanisms that 
produce behaviors [4]. The concept has profound implications 
for management. At its core, management involves the 
effective use of mechanisms to change behavior. Accordingly, 
application of mechanism design (economic, social, and 
others) in public health management can help managers 
become more effective [5, 6, 7].
The main principles and mechanisms relate to universal 
management challenges: individual motivation and behavior, 
confl ict and cooperation, allocation of resources, the way 
people work in groups and organizations, the meaning of 
system organization, resistance to change and personal 
attributes. Fundamental management mechanisms provide 
tools to deal with these challenges [8].
Motivating people requires state - of - the - art knowledge 
of psychology, sociology, and group dynamics. Groups and 
organizations require cooperative collective activity. Confl ict 
in these settings is universal. Public health management 
requires negotiation skills and other techniques used to 
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Common agreement on core mechanisms for public health 
managers and structuring in the public health management 
around them might prompt social scientists and public 
health academics to focus their research on applying and 
extending these mechanisms in the public health arena. It 
makes most sense to explore a question of whether there is 
an optimal way to provide future public health managers with 
background experience in the form of internships, residencies 
or other career development that help enrich experience and 
perspective. Better understanding of the importance of the 
relative roles of personal attributes and education could help 
us structure the public health management better [14, 15].

 Conclusion

All public health managers confront a set of universal 
problems. Identifi cation and agreement about mechanisms 
that help managers deal with universal problems can help 
provide a basis for a universal approach to public health 
management education as well as extending our knowledge 
through research. Mechanism design in the public health 
management can provide an important way to improve health 
of the population.
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balance confl ict and cooperation and use the tension for 
creative advantage [9].
All managers work with limited resources. Managers must 
understand fi nance and economics: budgets, accountability, 
return on investment, optimization and decision analysis. The 
“public” aspect of public health management emphasizes 
the political nature of management as a human endeavor. 
Effective public health management requires understanding 
of political processes and mechanisms [10]. 
Managers operate within constraints established by the 
system. Organizational theory helps explain how managers 
may operate more effectively within such constraints. It 
provides scientifi c underpinnings for describing why and how 
individuals resist change and how managers can deal with 
such resistance [11].
Management requires individual qualities such as character, 
perspective and leadership. Some of these require experience 
but aspects of it may be developed. Leadership science 
provides a base for development of managers’ personal skills 
and attributes [12, 13].
Universal challenges of public health management provide 
the basis for development and application of mechanisms to 
deal with such challenges. Public health managers must have 
a strong background in sociology and psychology, negotiation, 
fi nance, economics, organizational theory, and leadership. 
Many graduate programs in business management and public 
administration as well as in public health management require 
coursework in these areas, but very few programs include all 
of them [3,14]. 
Besides, many of these areas are neither particularly well 
developed nor have been rigorously applied to public health. 
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Abstract
An access to adequate and safe blood transfusion services is an essential measure of basic healthcare systems. 
The main purpose of hemovigilance is to enhance the quality and safety of the blood transfusion chains, which are 
implemented for improving the quality of the blood transfusion chain processes, especially focusing on blood safety. 
Globally, the framework of hemovigilance is extending as one of the key escalations to the group of the human services 
administrations, recognizing restructured blood transfusions administrations.
The core objective of this review article is to highlight the objectives of the hemovigilance framework, historical aspects 
of the hemovigilance framework around the world and the scenario of Nepal. Furthermore, it likewise features the 
scopes and strategies for implementation of hemovigilance at a hospital. An acceptance and incorporation of the 
hemovigilance system in an oncology hospital or in any tertiary care hospitals in Nepal can avert the incidence or 
reappearance of adverse events due to the transfusion identifi ed with the whole transfusion chain process. Globally, 
including the least developed country like Nepal, the hemovigilance framework must be incorporated and systematized 
for upgrading transfusion and general society certainty additionally regarding blood and its products. Different 
strategies must be made for the successful implementation and strengthening the hemovigilance system.
In conclusion, there is an interminable and endless necessity for the effort on hemovigilance; although the rules, 
regulations, and tools are in place. With the end goal to have a productive hemovigilance framework in the least 
developed countries like Nepal, an extensive methodology and enormous ideas are required.
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Introduction

An essential measure of any basic health care system is 
to have an access to the adequate and safe facilities for 
blood transfusion services, which remain often life savers 
on the road to critically ill patients. For the development 
of every healthcare system, the important factor to be 
considered is a safe and enough supply of the blood. 
On the other hand, blood transfusion is also intrinsically 
accompanied by the risks that vary in severity, from 
negligible to life frightening occasions [1]. Today, even 
in developed nations, the greatest hazard to the patient 
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lies in non-irresistible issues of blood transfusions that 
cause sickness and demise [2]. Defending threats which 
is linked with transfusion, beneficiaries have remained 
a global public health urgency with the appearance of 
human immunodeficiency virus (HIV) in 1980, which 
is the root of HIV contagion and over time acquired 
immunodeficiency syndrome (AIDS) resulting from blood 
transfusions as a threat to blood transfusion safety [3]. As 
the hazard of acquiring infectious diseases, the clinical 
threat of transfusions is asserted basically [4, 5].
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The ethical aspects of hemovigilance consider benefi ts 
identifi ed by keeping away from malpractice, recklessness, 
and carelessness, blood donor awareness and giving data 
to both healthcare specialists. The healthcare specialists 
including medical doctors, nurses, lab technicians, and 
pharmacists/clinical pharmacists and even the patients 
are comprised. The ethical aspects of hemovigilance are 
valuable to the safety of patients and give data on wellbeing 
as a preventive measure in conceivable instances of the 
contact [11].

History of Hemovigilance

Intending to have an arrangement of blood surveillance and 
hence to bring down the threats related to the transfusion, 
several hemovigilance systems have been produced 
and executed in many nations. In 1993, France became 
the fi rst country to present hemovigilance as a national 
program with compulsory reporting including surveillance 
activities incorporating the entire process of transfusion 
[12]. In 1996, the United Kingdom (UK) presented the fi rst 
voluntary reporting framework which was a non-dependent, 
professionally directed hemovigilance system concentrated 
on learning from adverse events [13]. Even though the 
hemovigilance systems of France and the UK are different 
from each other. Many developed nations like Canada 
and European nations like the Netherlands, Ireland, and 
Denmark have a prerequisite of voluntary reporting [8]. 
Afterward, in 1995 the European Council distributed a 
determination through an objective on the way to enhance 
open trust in the harmless supply of the blood. Soon the 
hemovigilance framework progressed toward becoming 
represented by the legal specialists [9,11]. In other countries, 
hemovigilance is known by another name. In the United 
Kingdom (UK), Canada and the Netherlands, hemovigilance 
systems are known as Serious Hazards of Transfusion 
(SHOT), Transfusion Transmitted Injuries Surveillance 
System (TTISS), and Transfusion Reactions in Patients 
(TRIP), respectively. The Norwegian Haemovigilance 
System is known as a Troll. It was introduced in the year 
2003 as a voluntary and confi dential reporting system. The 
information from entrenched hemovigilance frameworks 
of different nations, for example, the UK, the Netherlands, 
Japan, Russia, Switzerland, and the United States of 
America (USA) has assumed appreciative understanding 
keen on diverse processes which can be benefi cial in an 
improvement of the blood safety [8]. In the USA, in order to 
accomplish obligatory reporting requirements or a portion 
of the safety of patient improvement initiatives, hospital 
transfusion services report all the different hemovigilance 

With a resemblance to the previously existing term 
“Pharmacovigilance”, the word “Hemovigilance” was 
invented in France in1990. It is derived from the Greek word 
“haema” which means blood and the Latin word “vigilans” 
which means watchful/ paying special attention to/ keep 
watching. As the term enlightens the aforementioned, 
the purpose of hemovigilance is to enhance the quality 
and safety of the blood transfusion chain, fi rst and 
foremost focusing on the blood safety [6]. As defi ned by 
Faber, hemovigilance is “a set of surveillance procedures 
covering the whole transfusion chain (from the donation 
of blood and its components to the follow-up of recipients 
of transfusion), intended to collect and assess information 
on unexpected or undesirable effects resulting from the 
therapeutic use of labile blood products and to prevent 
the occurrence or recurrence of such incidents” [7]. In 
developed countries, similar to quality systems, reviews 
and audits,  hemovigilance has turned into a vital piece of 
the Blood Transfusion Service (BTS). Being an important 
part of the modern health care system, the latter has added 
astoundingly to the development of the services related to 
blood and blood transfusion [8].
Globally, the hemovigilance system is evolving as a vital 
addition to the human facilities care team fetching almost 
enriched patient care. Starting with the blood donors and 
blood donation, hemovigilance is one of the continuous 
and standardized systems for gathering of the data and 
its analysis and disseminating the outcomes and effects 
among clinical and public health decision makers [9]. 
The gathering of information that can be generated on 
responses taking place during the blood donation, or after 
the donation of blood, as well as determinations of blood 
donors to evade the occasion/rehash of such scenes, 
should be acceptable.

Objectives of the hemovigilance system

The objective of the hemovigilance framework is to monitor 
transfusion reactions, to identify risks, to make blood 
transfusions additional secure, more effective and more 
profi cient, to create awareness among the healthcare 
professionals, to exhibit the safety of the current system in 
blood transfusion to the population, to present the risks and 
advantages of this treatment, to generate evidence-based 
recommendations, and to show that the issues are outstanding 
and viably tended to attempt to increase blood safety [10]. 
In  contrast to clinical and epidemiological research on labile 
blood products, this framework has unexpected objectives [6].
The other objectives are to create linkages at  national and 
international levels.
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happenings to federal, state, and non-governmental 
organizations (NGOs) [14, 15]. In 2004, The Norwegian 
hemovigilance system initiated a system of reporting which 
is directed to professional and voluntary systems. In 2007, 
haemovigilance turned out to be the duty of an expert, 
according to the European Union (EU) blood instruction, and 
recording of serious adverse reactions (SARS) and serious 
adverse events (SAEs) grew into being obligatory [16].
Excluding Japan, which has disseminated the information 
about antagonistic responses, there is a nonexistence of 
established hemovigilance framework and inadequacy of 
hemovigilance information between the Asian countries 
[8]. One of the essential in the nation is the hemovigilance 
framework to have an exhaustive way to deal with the 
addressed  matters of antagonistic response succeeding 
transfusion of  blood and its products.
In 2004, South Korea introduced the Korean Hemovigilance 
Systems for starting the activities for the additional 
enhancement of safety measures in blood transfusion 
[17]. In 2012, the neighboring country of Nepal in South 
Asia, India has launched a hemovigilance program, 
which is known as Haemovigilance Programme of India 
and makes a signifi cant portion of a pharmacovigilance 
program at a nationwide level. With a roadmap of  fi ve 
years with four phases of hemovigilance, i.e., the phase 
of launching, the phase of expanding and partnership, the 
phase of development and conservation, and the phase 
of optimizing, it is an all-inclusive, integrated, and well-
structured method [18].

Scope of Hemovigilance

Due to the regulations in the variety of reporting, the 
scope of assorted hemovigilance frameworks from the 
diverse countries reveals an inconsistency, i.e., reporting 
of adverse reactions versus reporting of adverse events, 
reporting of all versus reporting serious adverse reactions 
only; reporting only incidents in recipients or also in donors; 
reporting all adverse events or only the SARs in recipients 
[6]. Superlatively, the hemovigilance system needs to 
buffer strategies wherever all through the entire transfusion 
chain, from the preliminary donation of blood, passing out 
of blood, and blood transfusion to patients for the spotting, 
recording, and exploration of adverse events and responses, 
and proximate failures or errors identifi ed with the blood 
transfusion. It ought to be very much fi t between the blood 
transfusion offi ce, hospital’s staff (clinical),and transfusion 
research or laboratories, hospital transfusion boards and the 
administrative offi ce [19].

The Hemovigilance Program in the developing 
country of Nepal

Following this international development in hemovigilance, 
National Hemovigilance Reporting Guideline in Nepal was 
developed in 2017 by the Government of Nepal (GoN) through 
the National Bureau for Blood Transfusion Service (NBBTS) as 
a focal point for blood safety on behalf of the Ministry of Health 
and Population which provides the instructions on procedures 
covering the entire transfusion chain, their provision for transfusion 
to patients and their follow-up. The established Hemovigilance 
Program of Nepal is based on a non-punitive and anonymized 
approach. For the implementation of the Hemovigilance 
Program in Nepal, currently four hospitals (two government 
hospitals and two private hospitals) of Nepal are nominated. 
One of the nominated hospitals is the Nepal Cancer Hospital and 
Research Center which is an oncology-based hospital of Nepal. 
After the pilot study, it will be increased accordingly for the next 
year. The ultimate goal of the Hemovigilance Program of Nepal 
is to become a part of the international hemovigilance network. 
However, the concept of hemovigilance is not well developed in 
Nepal, the least developed country in South Asia. 

Hemovigilance setup at Nepal Cancer Hospital and 
Research Center (NCHRC) 

An acceptance of the hemovigilance system in an oncology 
hospital or in any hospitals in Nepal or globally can inhibit the 
occurrence or recurrence of adverse events related to the entire 
transfusion chain. Nepal Cancer Hospital and Research Center 
(NCHRC) which is an oncology based hospital in Nepal follows 
National Hemovigilance Reporting Guideline in Nepal (2017). 
All the serious adverse reactions (SARs) are reported that 
comprise immunological haemolysis due to ABO incompatibility 
and other alloantibody, non-immunological haemolysis, 
transfusion-transmitted bacterial infection, anaphylaxis/
hypersensitivity, transfusion-related acute lung injury (TRALI), 
transfusion-transmitted viral infections (HBV,HCV,HIV ½ 
and others), transfusion-transmitted parasitical infection 
(malaria), post-transfusion purpura, graft versus host disease, 
transfusion-associated circulatory overload (TACO), and febrile 
non hemolytic transfusion reactions (FNHTR). All these SARs 
are reported via Form 1of Blood Transfusion Monitoring Record 
and Form 2 of Blood Transfusion Reaction Record (Appendix I 
and II) once the blood is ordered from the blood bank.
According to Form 1 conditions of the patient (general appearance 
of the patient, temperature, pulse, blood pressure, respiration) 
are monitored before and during the blood transfusion, before 
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the beginning of the transfusion and as soon as the transfusion is 
in progress every next fi fteen minutes. After that every hour up to 
4 hours, monitoring of blood transfusion is performed. According 
to Form 2, different types of the transfusion reaction (fever, 
chills, rigors or urticaria, pruritis, fl ushing or hypotension, anxiety, 
oliguria, renal failure, anaphylaxis, shock, dyspnea, orthopnea, 
cough, tachycardia and delayed transfusion reactions like 
fever, decreasing hemoglobin) are noted before beginning the 
transfusion, as soon as the transfusion is started and after fi fteen 
minutes after the transfusion. After that every hour up to four 
hours, monitoring of blood transfusion is performed.
The attending nursing staff of the hospital reports the suspected 
transfusion reaction immediately to the attending physician along 
with the documentation of the blood transfusion monitoring and 
reaction record forms and submission of required samples to 
the laboratory. The attending physician considers the incident 
through the relevant Hospital Based Transfusion Committee 
(HBTC) every month for its validation through the details of the 
transfusion reaction work-up reports. HBTC reports the details of 
the clinical and laboratory investigations to the National Technical 
Advisory Committee/Hemovigilance Advisory Committee for 

analysis and reporting, under the direction of an expert panel. 
Reports of this analysis along with the suggestions including 
preventive and corrective actions that have to be carried out will 
be disseminated to the participating health facilities. Finally, they 
will be published by National Public Health Laboratory (NPHL) / 
NBBTS annually at NPHL website and in a published booklet for 
public and concerned stakeholders.

Strategies for implementing hemovigilance at the 
hospital

There are strategies for the successful implementation of 
hemovigilance at the hospital which include awareness, 
education, and training. They are very important to every 
characteristic of blood safety. Education on hemovigilance 
can be given in the form of Continue Medical Educations 
(CME), awareness, lectures, seminars, and symposium, etc. 
for health care professionals including medical oncologists, 
doctors, pharmacists, nurses, and even patients. Additionally, 

Figure 1 The organogram of the Nepal Hemovigilance System 
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it is necessary to develop a committee on hemovigilance 
within a hospital to encourage synchronization between the 
blood users and blood providers. Adequate maintenance of 
blood transfusion reactions records in the hospital should be 
done. Learning from the other countries which have already 
successfully implemented the hemovigilance system in their 
countries and taking guidance from the countries where this 
program has already been implemented successfully, but at 
the same time before the start of this program, we should 
keep in mind the local conditions of the area.

Conclusion

In healthcare settings, hemovigilance is considered as a new 
system which is essential and which has been following by a 
numerous nation, especially in an emerging country like Nepal. 
The incorporation of the hemovigilance system in a hospital 
can improve the patient care, the blood-related safety, and 
blood transfusions. Hemovigilance is a surveillance procedure 
for recognized adverse events and also sentinel recording 
and documenting of unpredicted adverse events which 
occur during or after the transfusions. Working as a bridge, 
Hemovigilance develops the safety through benchmarking 
to encourage superlative practices and by empowering brisk 
reactions to new threats regarding blood transfusions [21].
However, these days, blood transfusions are particularly 
harmless, yet obligatory vigilance is required for ensuring 
appropriate safety use of blood and blood products [11].
In conclusion, there is an interminable and endless necessity 
for the effort on hemovigilance; although the rules, regulations, 
and tools are in place, but there is still the prerequisite of 
beginning the spot-on awareness and alertness system in order 
to make certain that the measures will be followed and that 
hemovigilance will help to prevent undesired reactions related 
to entire blood transfusion chains. With the end goal to have 
a productive hemovigilance framework globally, an extensive 
methodology and enormous idea are required. A simplifi ed 
tool for data collection using standardized instruments at the 
hospital level and with a good coordination at the national 
level can bring up effective hemovigilance system within a 
country. The data and information from that standardized tools 
can be utilized as a quality marker to screen blood security 
and furthermore contribute essentially to evidence-based 
medicine as well as help to bring together different related 
stakeholders and /or get access to the prevailing blood policies. 
At the worldwide level, the hemovigilance framework must 
be encouraged and institutionalized to improve transfusion 
safety and the public confi dence as well. Furthermore, more 
researches should be conducted in this hemovigilance 
framework to create a national and international database.
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Appendix I

FORM 1: BLOOD TRANSFUSION MONITORING RECORD

Name of the hospital and address, Fax No. and E-mail address

Blood Transfusion Record

Name of patient: Age/Sex: Ward/Bed:

Inpatient No.: Patient’s ABO & Rh: Donor No.:

Donor ABO & Rh: Date of transfusion: Bag No.:

Transfusion started by: Time of transfusion: Hosp. code No:

Type of blood product transfused:  WB  , PRC  , PRP  , FFP  , Cryoprecipitate  

Conditions of the patient to be 
monitored before and during the 

blood transfusion

Before 
starting the 
transfusion

As soon 
as the 

transfusion 
is started

After 
Fifteen 
minutes

Hourly Monitoring of blood transfusion

First Second Third Four

The general appearance
 of the patient

Temperature (°F)

Pulse (/min)

Blood pressure (mmHg)

Respiration (/min)

The fi rst few minutes of a blood transfusion are crucial. Therefore, continuous attention needs to be given at least for 
fi fteen minutes and if any reaction is suspected immediately stop the fl ow, start IV drip, inform BTS Centre, complete the 
transfusion reaction form, and follow instructions as given in the next page.

....................................................................  .............................................................
 Signature of Physician Signature of Nursing In charge
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Appendix II

FORM  2: BLOOD TRANSFUSION REACTION RECORD

Name of the hospital and address, Fax No. and E-mail address

Blood transfusion records

Name of patient: Age/Sex: Ward/Bed:

Inpatient No.: Patient’s ABO & Rh: Donor No.:

Donor’s ABO& Rh: Date of transfusion: Bag No.:

Transfusion started by: Time of transfusion: Hosp. code No:

Type of blood product transfused: WB , WRC , PRP , FFP , Cryo 

Type of transfusion reaction 
Before 

starting the 
transfusion

As soon 
as the 

transfusion is 
started

Fifteen 
minutes 
after the 

transfusion

Hourly Monitoring of blood transfusion

First Second Third Four

• Fever, сhills, rigors

• Urticaria, pruritis, fl ushing

• Hypotension, anxiety, oliguria, 
renal failure 

• Anaphylaxis/Shock

• Dyspnea, orthopnea, cough, 
tachycardia

• Delayed: fever, decreasing Hb

**In case of a reaction, a comment from the physician:

Signature of the physician

Instructions to the staff:
The moment reaction occurs, fi rst stop further transfusion of blood, complete the transfusion reaction report form, and take the 
following samples, and send with the report to the BTSC for laboratory investigations:

1. For immediate post-transfusion blood samples (1 clotted and 1 anti-coagulated) from the vein opposite the infusion site.
2. Blood culture from a blood bag 
3. The blood unit and transfusion set containing residual blood
4. The fi rst specimen of the patient’s urine following the reaction
5. Additional samples depending on the patient’s condition.

To be printed on the Reverse of Blood Transfusion Monitoring Record Form
Please do attach Lab Investigations Report along with the sample
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Abstract
Communicative competence has been the central point of a great number of English for specifi c purposes (ESP) 
studies. However, its relevance to second language acquisition by medical students and attainability are still to be 
established as the critical evaluation of the present fi ndings may help to create a valuable inventory for practical use 
in a classroom. The review set out to explore the present-day concept of communicative competence with regard 
to ESP teaching and ways of its development in students of medical universities. It analyzed the structure of the 
concept of communicative competence generally viewed as comprising both linguistic and extralinguistic constituents. 
Special emphasis was placed on the aspect of enhancing competitive competence through students’ involvement in 
oral communication. One of the most effective ways of developing communication skills in ESP classes in medical 
schools is exposure to authentic communication using Internet facilities. The videos should be thematically adjusted 
to the students’ professional needs and correlate with their level of linguistic and professional expertise. This approach 
helps to accomplish a number of teaching goals such as providing students with the information about the framework 
of speech events iterative in medical and academic spheres, communication patterns used in them, and raising their 
professional and socio-cultural awareness. It also aims to develop their ability to perform speech activities within a 
wide range of professional and academic contexts. The review made it possible to identify effi cient reproductive and 
productive teaching methods to be employed.

Keywords
communicative competence • ESP • linguistic • psychosocial and socio-cultural dimensions • medical training
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Introduction

The training of healthcare providers aims to develop a 
number of skills which will make their professional activities 
successful and efficient. One of their major counterparts is 
communicative competence. To date, there has been a lot 
of controversy over both the implications of this concept and 
its attainability within the context of medical training. For 
example, in Russian and some Eastern European medical 
schools there are two interrelated paths of developing 
communicative competence. The first involves acquiring 
various patterns of doctor-patient interaction and evolving 
the appropriate bedside manner during clinical clerkships. 
The second is encompassed in second language studies, 
which is the basic part of the medical curriculum in Russia 
and a number of Eastern European states. The aim of 
the present article is to review the current publications to 
reveal and analyze the ways of developing communicative 
competence of medical students employed in second 
language acquisition at different stages of training 
from undergraduate to postgraduate levels in Russian 
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universities. Within the scope of this paper we targeted 
communication skills in spoken medical and academic 
discourse due to the growing importance of English as 
the international medium of oral communication in both 
formal and informal events in the medical and scientific 
settings.

Methods

To accomplish the goal set in the paper we used the 
methods of systematic review and hermeneutic analysis 
which made it possible to select the relevant studies and 
perform their critical assessment pertaining to the problem 
in question. We aimed to analyze research papers 
published in a variety of countries to assess the relevance 
of the problem under study and approaches to its solutions 
in different cultural contexts.

© 2019 Victoria Zhura. This is an open access article distributed under the Creative 
Commons Attribution-NonCommercial-NoDerivs license (http://creativecommons.
org/licenses/by-nc-nd/3.0/).
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the speaker’s and hearer’s expertise in the fi eld involved. The 
latter implies the body of knowledge related to a certain socio-
cultural or professional context refl ected in the interlocutors’ 
world view, or familiarity with the issues the communication 
centers round [9].
As two parties, the speaker and the hearer, are involved in 
the communication process, speaking and listening appear 
to be interdependent activities which can be used to enhance 
their expertise and develop their communicative competence. 
This can be achieved through exposure to authentic 
communication. As there is no opportunity to get involved in 
actual verbal interaction with native speakers employed in the 
medical sphere in Russian academic settings, students can 
gain experience by watching authentic videos posted on the 
Internet [10]. 
Careful selection of the topics is essential and should target real 
life iterative situations occurring in academic or professional 
spheres. The topics should touch upon a number of issues 
which can be brought together in two major groups. The fi rst 
group should comprise speech events medical professionals 
are recurrently involved in. The second group of topics should 
focus on the problems which students will repeatedly handle 
when involved in their prospective professional activities (e.g. 
working with geriatric and addictive clients in social work and 
clinical psychology, ways of training medical specialists in 
Russia and abroad, areas of medicine which are of particular 
importance today, etc.). All these topics should also correlate 
with the level of the students’ linguistic expertise and the 
stage of their training. 
This approach makes it possible to accomplish a number of 
teaching goals. Firstly, it helps to familiarize students with the 
framework of a number of speech events iterative in medical 
and academic spheres (different types of interviews typical of 
the spheres of medicine and social work, clinical psychology 
sessions, physical examination, history taking, delivering 
information to patients, etc.). 
Secondly, students can also get to know and learn a wide 
range of communication patterns used in various situations of 
professional medical communication (ways of making polite 
requests when performing a physical examination, ways of 
recommending treatment to the patient, etc.). Moreover, 
students tend to develop and enhance as well as re-evaluate 
their professional awareness and expertise as they fi nd 
themselves involved in real life contexts solving professional 
tasks. This necessarily provides an input into their conceptual 
and terminological framework required to conduct professional 
activities. 
As students become involved through several channels 
of communication – auditory and visual, they also receive 
and learn to process the messages sent by the speakers 
through their prosody, mimics, kinesics, oculesics, and 
proxemics which enhances their socio-cultural awareness. 

Results

There has been a lot of debate about the competences 
required for the speaker to successfully convey and 
receive verbal messages [1 - 3]. The earlier concept of 
linguistic competence was later opposed to that of linguistic 
performance. The former implied the knowledge of the form 
and meaning of the structured constituents of the language 
system, while the latter referred to the actual use of linguistic 
entities in particular situations [4]. 
These concepts were later complemented by other types of 
competences extending beyond the domain of the language. 
They tended to target various aspects of communication. 
For example, pragmatic competence involves the ability to 
use the language in the institutional settings selecting and 
adjusting the linguistic means to a particular context [5]. This 
competence enables the speaker to set and accomplish 
objectives relevant to a speech event, to adhere to certain 
communication patterns appropriate to the situation, etc.
The realization of the role of both linguistic and extralinguistic 
factors in verbal communication gave rise to the concept of 
communicative competence. It aimed at integrating various 
aspects of verbal interaction – its linguistic, psychosocial 
and socio-cultural dimensions. Other researchers claim that 
such extension of the conceptual framework of linguistic 
competence to embrace new aspects of verbal interaction 
has brought to life a new competence type - interactional 
competence [6, 7]. It is complemented with context-specifi c 
expectations and dispositions about social interaction, 
social-context-specifi c communicative events or activity 
types, conventional behaviours, communication patterns 
and scenarios as well as prosodic, linguistic, sequential 
and nonverbal resources to construct speech events. 
Interactional competence tends to be inherent to person-to-
person communication [8]. However, as prospective medical 
professionals may have to apply communication skills in 
a variety of spheres – healthcare, academic and research 
activities, we prefer the term communicative competence as it 
implies communication targeting both a particular interlocutor 
and the general audience.
Therefore, we view communicative competence as a broader 
concept incorporating a number of competences such as 
linguistic, pragmatic and socio-cultural competences. The 
earlier mentioned interactive skills covered by the notion of 
interactional competence are considered as part-and-parcel 
of the former. 
All the above considered, communicative competence 
comprises several types of knowledge. Along with the 
knowledge of the language form and meaning, the rules 
regulating communication within a particular socio-cultural 
context, and speech patterns typical of it, it also incorporates 
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Processing acoustic and visual input activates a number of 
cognitive mechanisms such as word recognition, parsing and 
segmentation, semantic processing involving information 
analysis and synthesis, retrieval, proposition analysis, 
inference-making, and mapping information, thus promoting 
their profi ciency development [11].
Processed acoustic and visual information becomes a 
basis for building a communicative framework of a typical 
event of medical and academic life observed by students 
in a video format. This framework comprises recognizing 
an event scenario, role expectations and model verbal and 
non-verbal behavior, as well as speech inventory consisting 
of linguistic means (language structures used) together 
with iterative speech formulas and patterns appropriate in a 
particular situation. We can illustrate the input which a typical 
communicative event can provide. When watching a video of 
a medical encounter, students identify its typical structure as 
including the stages of problem presentation, data gathering 
(history taking and physical examination), diagnosis and 
treatment stages. They also become aware of what happens 
at each of the stages, of the speech clichés and phrasing 
appropriate for all participants. Later, they can be involved 
in the discussion of effective and ineffective communication 
strategies [12].
Equipped with this inventory, students are ready to pass 
through the next stage of reproductive lexis and grammar 
activities at which students are expected to gain fl uency in 
using relevant linguistic structures. Finally, they get engaged 
in activities promoting speaking or the so called interactive 
listening [13]. This should be arranged as simulation of real 
life situations whose framework and linguistic features were 
learnt from the teaching videos. 
Simulation of real life situations can be arranged as discussions, 
fi rst in small groups when students are encouraged to ask 
questions, air their views, check for clarifi cation, express 
support, disagree with statements, paraphrase ideas, and so 
on. Thus, the teacher may ask the students to compare the 
layout of the wards demonstrated in the video and the way the 
surveillance and management of patients is arranged in them 
with those used in a local clinic.
Another rewarding activity is role-playing [14]. To implement it, 
students pretend to fi nd themselves in professional contexts 
and have a variety of professional or academic roles. The 
teacher provides their class with information about who they 
are and what they are expected to do. Thus, the teacher 
can ask the students to act out a panel on drug abuse and 
addiction. The participants may include a presenter who will 
provide the information on the current situation in a particular 
city and journalists who will ask the presenter questions on 
the details of the report (most abused substances, causes of 
drug abuse, age groups of drug addicts, risk groups, goals 
of research-based programs, research conducted, etc.). The 

useful phrases and the template of the report should also be 
provided.
Some other activities may include interviews, brainstorming, 
making the sound for another video played in a mute mode, 
information gap, case studies, reporting and storytelling [15].
The described repertoire of the ESP teaching techniques 
in a medical school classroom is likely to raise linguistic, 
professional and socio-cultural awareness of prospective 
healthcare professionals.

Discussion

The present review focused on the concept of communicative 
competence and the ways of its development in students 
of higher medical schools. The notion of communicative 
competence within ESP context needs to consider not only 
linguistic but also discourse, psychosocial and socio-cultural 
dimensions of medical interactions. Therefore, it is currently 
viewed as the interplay of a number of components – 
linguistic, sociolinguistic, pragmatic, and discourse types of 
competence. 
The most promising strategy of evolving communicative 
competence in medical students involves the projection of the 
knowledge of linguistic structures down onto the professional 
contexts of their potential use. This approach makes it possible 
to activate and enhance both their linguistic and communicative 
awareness. Placing students in various potential professional 
situations also develops their professional and socio-cultural 
awareness and expertise as they update information they 
have and familiarize with the approaches practiced in other 
countries. Moreover, observing the professional situations 
and carrying out the activities described above, students feel 
themselves involved in the virtual exchange of information 
with their colleagues, which makes them well-motivated and 
enthusiastic language learners. 
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Abstract
CLIL has become synonymous with teaching English to non-specialist students in professional and academic (ex. 
universities) contexts. However, it should not be seen as a unique approach that could be applied to any situation. The 
present refl ection aims to emphasise the importance of social and educational contexts in the shaping of CLIL as a tool 
for both research and teaching, as a research question. It proposes a plan for research that needs to be collaborative 
and comparative in its objectives and methodology (action research), which will be followed by the presentation of the 
expected outcomes.

Keywords
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Introduction

Higher education in the 21st century has entered a new 
phase, where universities worldwide are competing for 
recognition and funding. Their avowed aim is not only to 
provide knowledge but also to enhance the employability of 
its alumni. This resulted in the tacit adoption of one dominant 
language for the transmission of academic content and know-
how [1, p. 122] and such role was predominantly given to 
English, which is now associated to the expression lingua 
franca and is still fast expanding. The present contribution is 
a refl ection that aims to address the following issue: how the 
globalisation of higher education is carried out through the 
medium of English, and how it should be assessed in the fi eld 
of didactic research, starting with the French higher education 
context.
CLIL (Content and Language Integrated Learning) should 
not be construed as a universal tool kit for language 
teachers: it is context-dependent, and varies according to 
the local institutional conditions, and to the variety of English 
that needs to be taught (Part 1). One way of assessing the 
effi ciency of CLIL is to carry out a comparative research 
action in different contexts (countries) and in different 
branches of CLIL teaching curricula (Part 2). The refl ection 
should ideally show that CLIL infl uences student motivation 
in a positive manner (Part 3).

Corresponding author: C. Chaplier

E-mail: claire.chaplier@univ-tlse3.fr

How CLIL works in France

Since 1999, the Bologna Process1 has pledged to transform 
and harmonise the European universities so as to encourage 
mobility, student participation in the education process, 
foster the social conditions required to broaden the access 
to higher education, and promote employability. This paved 
the way for a two-tier refl ection on the development of CLIL: 
fi rst, the multiplication of syllabi taught through English 
and open to a wide range of students, and, secondly, the 
inclusion of foreign language teaching that would comply 
with the Bologna requirements and the tightening links 
between all European higher education institutions. For 
specialists in the didactics of English, the whole issue 
concerned the objectives of blending content and language 
acquisition dedicated modules, where language is no longer 

© 2019 Claire Chaplier. This is an open access article distributed under the Creative 
Commons Attribution-NonCommercial-NoDerivs license (http://creativecommons.
org/licenses/by-nc-nd/3.0/).
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1The objective of the Bologna Process is to establish a European Education Area 
- the Upper Bologna Process. Initiated in 1998 by France, Germany, Italy and 
the United Kingdom during the Sorbonne Declaration, the process developed 
in 1999 in Bologna around 29 signatory countries. There are now 48 countries, 
5600 institutions and more than 37 million students participating in this Euro-
pean adventure. Designed to promote the mobility, readability and attractive-
ness of the European Higher Education Area (EHEA), the Bologna Process is 
built around 3 main principles: organise studies in 3 cycles (Bachelor - Master -
Doctorate); develop tools for academic and professional recognition (ECTS; Di-
ploma Supplement; EQF (European Qualifi cations Framework); strengthen the 
quality approach (http://www.agence-erasmus.fr/page/Experts-de-Bologne) . 
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on the ground is identifi ed, then refl ection starts close to the 
manner in which Pierre Bourdieu defi nes it as an activity aiming 
at providing a necessarily simplifi ed representation of reality 
through descriptors, focusing on relations between properties, 
for description, explanation or planning purposes [12].
It would help analyse contextualised situations, organise 
present knowledge and prompt further action and 
implementation of the results. This guideline will help to:
• identify basic components whose nature has to be 

defi ned or clarifi ed;
• identify interfaces between these components, or “places 

for interaction”;
• investigate the refl exive impact of interactions on the 

original nature of each component [13].
The focus will be on contextualisation in terms of “scale, 
level and object” [14], the three elements of contextualisation 
considered in interaction. As the observation scales used 
vary, as the levels of social realities aimed at exist and as 
the types of facts studied are different, a global view can be 
achieved [14, p. 227]. Here is the proposed framework for 
fi eld research and investigation:
1. Geographical scale: as researchers and language 
lecturers, we have easy access to language lecturers 
intervening in specialised English, to lecturers who teach 
through English without any particular training to do so in 
law and science, where some knowledge of subject matter 
is needed, to students with whom needs assessment can 
be carried out. This will enable all participants to the present 
approach to review the local and regional state of the offer of 
English language.
2. Level of social reality (entailing representations, 
beliefs, knowledge and needs): as the different practices 
and representations of the actors in our contexts will be 
considered, an operation of contextualisation is necessary 
[14, p. 17-18]. In order to interpret  the actors’ doings correctly, 
what the actors involve in their actions (past experiences as 
competences and dispositions to act, their beliefs) and how 
each context infl uences action, and the manner in which it will 
be taken into account. Then the practices of the actors should 
be contextualised in global or local contexts.
3. Object: it concerns specialised English in terms of 
language skills, intercultural competences (which includes the 
domain of specialised English, of the professional culture in 
which it is used and of didactic practice [2]). Five poles must 
be considered and further determined in relation to language 
and teaching/learning: the learner, the teacher, the domain 
of specialisation, the context, the language and the culture. 
When speaking about variables, what matters is not the 
variables per se but the connection between them because it 
is not obvious [15]. 
The objective of the research is to shape a common 
theoretical framework based on a comparative study of the 

central, but becomes a tool that opens access to knowledge 
and know-how pertaining to other areas of expertise. In 
that perspective, researchers such as Taillefer, Hellekjaer & 
Willkinson, Hellekjaer & Westergaard, Wolff, Stoller & Grabe 
[2-7] have shown that, in modules where language acquisition 
and expert knowledge are treated on a par, both benefi t, 
but these endeavours have not become the norm in higher 
education. Marsh et al. [8] have shown the strong correlation 
between teaching and learning, which makes it diffi cult, even 
for research purposes, to dissociate language skills from 
teaching skills involved in the process, because they feed off 
one another in the highest degree. One positive conclusion [9, 
p. 22] is that such complex method, sustained by a thoroughly 
well-thought approach to teaching/learning, does not result in 
more complicated learning and teaching processes.
Academic interest for CLIL/EMILE (in French : Enseignement 
de Matières par l’Intégration d’une Langue Étrangère) in 
France is a relatively recent one, and discussions do not 
really focus on the qualitative aspect of such a teaching/
learning process. Some research papers insist on the risk of 
marginalising languages in higher education, should CLIL be 
implemented in a haphazard manner. Besides, there has, to 
this day, not been any global assessment of foreign language 
teaching policies nationwide, even though this has recently 
become one major objective in the granting of chairs and 
positions of assistant professors in higher education. No major 
study of students and lecturers’ representations in that fi eld 
has been carried out, so as to identify the needs for a coherent 
and harmonious public policy on language teaching. English 
for specifi c purposes (ESP), in its LANSOD (LANguage for 
Specialists of Other Disciplines) aspect, is connected to 
CLIL, and is situated at the crossroad between language and 
content. It is thus ideally placed as a transdisciplinary mediator 
between theory and practice. Consequently, implementing 
CLIL necessitates a thorough refl ection on the major features 
of teaching and learning processes in a non-specialist context, 
notably on its objectives, and the role of language teachers 
involved in LANSOD.

Field research: the ingredients of a methodology

To start with, a thorough research on the ground should be 
carried out in the following way: “[…] action research is not so 
much a research methodology as a way of identifying research 
projects and priorities. Instead of starting with a “research 
question” based on previous research and theory, the action 
researcher starts with a problem with which he or she is faced” 
[10, p. 263], since “the closer the researcher is to practice, 
the more diffi cult the academic position will be” [11, p. 114] 
through the cycle of action research [11, p. 115]: a problem 
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practice of CLIL in different countries with varied educational 
contexts and traditions. It is therefore a complex approach: 
the poles in interaction, the tensions, how the poles react/
act on one another, how they are defi ned in relation to one 
another. The aim is to discover regularities and recurrences in 
a multidisciplinary approach, which should be used at a later 
stage to formulate pedagogical methods that would improve 
English language acquisition using CLIL.

Expected outcome

As discussed above, the whole project on CLIL aims to show 
that it may change teacher and learner’s perception of the 
language class in that it includes a variety of implementations, 
including project-based learning, an approach that is clearly 
learner-centred, but that also enables students to acquire 
methods that do not solely concern language acquisition but 
skills that are of value in a professional environment. Thus, 
CLIL blends language and communication skills, within the 
specialised area of study. This is clearly a shift from a traditional 
conception of the language class (learning English, for 
example) to a more inclusive context and objectives (learning 
through English) that imitates real life situations. In that 
perspective, our research project should ideally measure how 
CLIL is an incentive to language skills acquisition; moreover, 
a comparative survey, using questionnaires, interviews and 
class observations in at least three universities would also 
contrast several academic contexts across Europe.  
But achieving better competences is only one aspect of 
the question. Indeed if CLIL can help learners achieve 
their objectives, it can only be done if it also modifi es their 
awareness of the acquisition process and measure how to 
bridge the gap between their current level and what they 
should do to improve it: this way, language acquisition must be 
distinguished from the acquisition of learning methods and the 
affective, psychological dimension that infl uences acquisition 
[11]. This leads us to the second aspect of the research project, 
which concerns societal representations about education and 
foreign language learning and teaching. 

It would be naïve to consider that language learning only 
concerns they key players in the classroom, i.e. the teacher 
and the students. In fact the way we learn and teach is 
closely dependent on mental representations of what 
education means to the academic institution, society and 
“civilisation” at large, from a perspective exemplifi ed by Yves 
Chevallard’s “anthropological theory of the didactic” (ATD). 
According to this approach, societies exchange, transfer and 
transform knowledge, data, information, which means that 
it is essentially didactic. However, each level in the social 
structure imposes its conditions and constraints on how this 
knowledge is passed on from one individual to another [16]. 
In other words, language acquisition does not solely depend 
on innovative teaching methods like CLIL, but also on the 
manner in which each country, each academic environment 
envisages the aims and the methods in that perspective. 
Given that all the case studies in the project will be based 
on the observation of CLIL-based teaching and learning, 
Chevallard’s ATD could be completed and compared to 
Geert Hofstede’s theory of the four dimensions of culture 
[17], which may help distinguish one country from another in 
terms of cultural, anthropological considerations and mental 
representations.

Conclusion

To conclude, what is at stake in the didactics of foreign 
languages is not only confi ned to pedagogical considerations, 
and research in that domain could benefi t considerably from 
the adoption of a multidisciplinary and comparative approach 
to education, as exemplifi ed by the Council of Europe’s 
interest in CLIL as a teaching resource to develop student and 
worker mobility across the continent of Europe and beyond.
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Main Text

As ethical issues and their violations have been widely 
reported for a long time in the world, Nepal is not an 
exceptional country.  We try to highlight the different aspects 
of ethics which can be violated and we also fi nd that there 
is a necessity for ethics education to all young healthcare 
researchers from all over the world, especially developing 
countries. Ethical issues and their violations have been 
widely reported for a long time in the cross-boundary scenario 
of the world [1-3].  Infringement of research ethics is mostly 
committed by young scientists and healthcare researchers 
and result in emergence of research misconduct victims. 
Research in the fi eld of healthcare or scientifi c research is 
based on trust establishment. 
Ethics refers to human conduct insofar as it can be called 
good or bad [4]. Ethics is not only part of research but also a 
fundamental part of life perfecting human conduct. Research 
ethics should concentrate primarily on the principle of altruism 
with the outcome of relief. The paramount goal of the research 
is focused directly or indirectly on linking to human. Hence, 
for the expected results, possible outcomes must be taken 
into consideration while carrying out research activity. In the 
health sector, Nepal Health Research Council (NHRC) under 
the Ministry of Health and Population is mostly concerned 
with ethical issues in health research and is responsible for 
ethical approval for conducting research [5].
An increasing number of institutions has led to an increasing 
number of applicants for various research activities which 
cannot be managed and monitored by NHRC alone. Hence, 
it has permitted Institutional Review Committees (IRCs) to 
review and approve such studies involving human and non-
human participants. For collaborative works, particularly 
multi-national ones, the approval is given by the Ethical 
Review Board (ERB) of NHRC. However, in case of frequent 
regime changes due to unstable government, ethical reviews 

take longer than required [6]. Declaration of Helsinki by the 
World Medical Association (WMA) for medical research is of 
utmost importance for the projects involving human subjects 
and related samples [7]. 
The need to avoid duplication of work and to facilitate the 
acceptance of clinical trial data has led different regions 
to harmonize standards for good practice in clinical 
research. Thus, through the International Conference 
on Harmonization (ICH), with the participation of the 
European Community, the United States, Japan and the 
World Health Organization, have developed guidelines 
standardizing criteria in different areas related to 
medicines. At ICH, the Guidelines for Good Clinical 
Practices (GCP) have been established, which establish 
criteria for planning, implementing, auditing, completing, 
analysing and reporting clinical trials in order to ensure 
their reliability. In this sense, health research, especially 
clinical research, should be considered and conducted 
according to principles and norms collectively referred 
to as Good Clinical Research Practice - GCP. The GCP 
aims to ensure that all clinical and regulatory activities are 
being conducted to the highest professional and ethical 
standards, in accordance with applicable regulations. 
It is used as the basis for the creation of the Informed 
Consent Term (TCLE) [8]. Good clinical practice (GCP) is 
the essence of such research activity where not only the 
outcomes but also the clinical procedures in compliance 
with the established clinical guidelines are given due 
preference. Both verbal and written informed consents 
are received from the participants after the necessary 
briefi ng of the objectives of the research to them. The 
information retrieved will only be utilized for the research 
purpose and confi dentiality will be maintained throughout 
the research process. All these processes are being 
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few) due to lack of proper ethical behavior and transparency. 
Promotion of ethical conduct has been a major problem in 
developing countries like Nepal due to limited sources. A 
country like Nepal has lots of cost burdens along with the 
major problem of publication recognition. Among the factors 
which play an important role in driving the ethical conduct, 
there are [14]:
• increasing the number of international, national and 

local conferences, and symposia regarding ethical 
conduct would bring some positive results in the 
Nepalesehealthcare research fi eld. Additionally, it will 
establish a great network between the world healthcare 
scientists and Nepalese emerging healthcare scientists;

• work with international collaboration in the research fi eld 
may enhance the knowledge of Nepalese healthcare 
researchers and provide them with better skills to promote 
ethical conduct in their works;

• use of professionalism in the healthcare fi eld would be 
very effective;

• providing special credits for special contribution may 
uplift the interest and creativity of the contributor;

• implementation of international laws in the fi eld of 
healthcare would bring revolution in the fi eld. 

Ethics education should be the primary subject in any fi eld 
which may or may not is related to research ideology. Ethics 
education demotivates all the demoralized and unacceptable 
research methodologies that degrade not only the quality of 
research but also the trust of the public. It teaches the value 
of equality and minimizes error occurring due to the lack of 
ethics education.
Science lives on its credibility, on which its main reason 
depends. Thus, with regard to the integrity of the research, 
the mission of all researchers and institutions committed to 
advancing science to educate and prevent diseases is to 
make it less and less necessary to investigate and punish 
[15].

List of Abbreviations

AMA  American Medical Association
APA  American Psychological Association
ERB  Ethical Review Board
MOH  Ministry of Health
NHRC  Nepal Health Research Council
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carefully supervised by the protocol of NHRC in Nepal but 
the systematic approach to research with ethics in the core 
are yet in the infant stage in Nepal.
In conducting research with human beings, it is important to 
respect some ethical care issues. These include assessing 
risks and benefi ts of conducting the research, respecting 
privacy and confi dentiality of data as well as respecting four 
principles of human beings. In the Free and Informed Consent 
Term (TCLE), the researcher must specify the research 
objectives, limitations, risks, and benefi ts, leaving the choice 
of participation free. Originated in the USA, this consent 
emphasises autonomy, non-malefi cence, benefi cence, and 
justice [9].
In order to provide integral autonomy to the research subject, 
in Brazil, Conep determines the use of the TCLE to the 
research participants involving the name of informed consent 
[10]. The TCLE makes explicit the commitment that the 
researcher undertakes to ensure that no information provided 
will be divulged without the prior consent of the participant 
(confi dentiality) and that all material collected will remain 
under professional secrecy (privacy) [9].
Research misconduct means unacceptable practices 
and prepared with dishonesty and fraudulence, without 
acceptance of the research ethics, falsifi cation, plagiarism 
and fabrication of facts while performing the research 
procedure. Research misconduct is a vulnerable act 
as this harms social and ethical trust towards science. 
Promotion of ethical conduct in research is a mutual duty 
of the academicians, research institutes, and the general 
public [11]. Plagiarism is another major part of research 
where misconducts are detected. Plagiarism is the copy 
of the credentials of one’s work and idea without a proper 
agreement with the respective author [12].
Plagiarism and other types of academic fraud are the subjects 
of current institutional concerns related to teaching and 
research. This demonstrates relevance of the topic of ethical 
integrity in scientifi c research in academia [4].
The agreement here is meant to be referencing i.e. you must 
acknowledge to the author by the scientifi c way of referencing 
like Numbering Style, Vancouver Style, APA, AMA Style 
etc. However, placing your own or particular words from 
previously published articles (i.e., paraphrasing) cannot be 
called plagiarism. As the writing is based on one’s own skills 
and knowledge, self-plagiarism is absent [13].
Educational institutions should perceive plagiarism as 
an issue to be faced with pedagogical strategies focused 
on moral education and promotion of scientifi c integrity 
awareness [4].
Since most researchers have the greed of their name in the 
articles, they are very prone to misconduct research in a 
country like Nepal which decertifi es the quality of research. 
Research conducted in Nepal is not of higher quality (except 
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Abstract
Background: It is a very sad experience, as a clinician, to see a patient presenting very late at a dental offi ce with 
complicated oral health-related problems when the initial causal problem is very cheap, easy, and simple to treat. This 
study aims to determine the factors causing delay in seeking dental treatment among the patients visiting the dental 
clinic of the Fedearal Medical Centre, Birnin Kebbi, Kebbi State, Nigeria.
Methodology: This study was questionnaire-based survey of 172 non-paediatric patients attending the dental clinic of 
the Federal Medical Centre, Birnin Kebbi, Nigeria. Data was obtained on their socio-demographic characteristics and 
the reasons behind their late presentation. Data analysis was done using the SPSS Version 20 Software.
Results: Most of the participating patients were males (57.6%), Muslims (73.8%) and of age 16 – 35 years (65.1%). Also, 
66.9% of them were from the Hausa tribe, 62.8% were married, and 40.1% had polytechnic/university education. The 
reasons indicated by the respondents for their delay in seeking early oral healthcare services at our dental clinic were 
diverse. However, the three most commonly given reason were: busy work schedules, dental anxiety, and preference 
for traditional treatment options. 
Conclusion: This study provides evidence of delayed presentation among patients visiting the dental clinic of the 
Federal Medical Centre situated in the Birnin Kebbi metropolis. This study also identifi ed the reasons for such delays. 
This study also corroborates other studies in ascertaining that delayed dental visit is a public health and clinical 
problem in the Nigerian setting. Hence, there is an imminent need to ensure that the public are educated on oral health 
issues.

Keywords
Factors • late presentation • dental treatment • patients • Nigeria
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Introduction

It is a very sad experience, as a clinician, to see a patient 
presenting very late at a dental offi ce with complicated oral 
health-related problems when the initial causal problem is 
very cheap, easy, and simple to treat. In fact, many patients 
are forced to eventually visit a dental offi ce for treatment of 
their poor oral health conditions after all their attempts at 
getting remedy from ‘alternative’ forms of dental treatment 
proved futile [1,2]. 
The issue of delay in seeking proper dental treatment is a 
global health problem and scientifi c research had shown 
that many factors are responsible for delay in seeking early 
intervention on oral health-related problems [1-12]. Some 
of these factors include limited access to qualifi ed dental 

Corresponding author: K. K. Kanmodi

E-mail: kanmodikehinde@yahoo.com

personnel, heavy engagements at work, ignorance, stress 
associated with dental visits, transportation problems, 
dental anxiety, ignorance, and poverty, just to mention a 
few [1-12]. In Nigeria, all these aforementioned factors are 
major factors causing patients’ delay in seeking proper 
oral healthcare [3-6, 9, 10, 12]. Interestingly, there exists 
a rich body of literature on the factors causing delay in 
seeking oral healthcare among Nigerian people [3-6, 9, 
10, 12]. However, after extensive literature search, authors 
observed that there is little to no literature on factors 
causing delayed patient visit at any of the dental offi ces in 
Kebbi State, Nigeria: this shows the need to research into 
this interesting area of study. 

© 2019 Kehinde Kazeem Kanmodi. This is an open access article distributed 
under the Creative Commons Attribution-NonCommercial-NoDerivs license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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In the course of comparing the relationship between the age 
distribution of the surveyed patients with the reasons they gave 
for delayed presentation at our clinic, we found that “dental 
anxiety”, “busy work schedule”, “preference for traditional 
treatment option”, and “delay in hospital environment” were 
the reasons given by patients within the age of “16 – 20 
years”, “21 – 50 and 56 – 60 years”, “51 – 55 years”, and 
“>60 years” respectively. Also, this observed relationship was 
found to be statistically signifi cant (p-value=0.012) (Figure 1).
Also, in the course of comparing the relationship between 
gender distributions of the surveyed patients with the reasons 
they gave for delayed presentation at our clinic, we found that 
the majority of both genders (i.e. male and female) gave a 
reason of being busy at work to the factor responsible for their 
late presentation (Figure 2).
There was also an interesting relationship between the marital 
status of the surveyed patients with the reasons they gave 
for delayed presentation, though not statistically signifi cant 
(p-value=0.069) (Figure 3). In the comparison, we found that 
“busy work schedule” was the most prevalent reason behind 
the late presentation of the single, married, and divorced 
patients, while preference for traditional treatment option was 
the most prevalent reason for delay in presentation among 
the widowed patients. 
Lastly, there was statistically signifi cant relationship between 
the level of education of the surveyed patients and the reasons 
they gave for the delay in presentation (p-value=0.020) (Figure 
4). Those patients who had no form of school education 
(i.e. formal or Arabic school education) predominantly gave 
“preference for traditional treatment option” as the reason for 
their delay in presentation, those patients that had primary 
school/secondary school/polytechnic/university education 
predominantly gave “busy work schedule” as the reason for 
their delay in presentation, and those that had other forms of 
tertiary education gave “family/friend infl uence” as the reason 
for their delay.

Discussion

The issue of delayed presentation at the dental offi ce is a 
global health problem which needs to be seriously looked 
into [1,2]. This problem of delay in seeking proper oral 
healthcare had cost many people heavy losses, of which 
loss of life is not exclusion [1-18]. Hence, the need for early 
oral health intervention by dental professionals cannot be 
overemphasized.   
It is quite sad that so many dental patients in Nigeria do present 
very late at dental offi ces for treatment after serious complications 
had already set in [13-18]. Different clinical studies from different 
geopolitical zones in Nigeria had recorded various reasons 

Hence, this study aims to determine the factors causing delay 
in seeking dental treatment among the patients visiting a 
dental offi ce situated in a public secondary healthcare facility 
in Birnin Kebbi, Kebbi State, Nigeria. The signifi cance of this 
study is that the data obtained from this study will provide 
information on the reasons why patients delay in seeking 
proper oral healthcare services at this dental offi ce.

Materials and Methods

This study was a clinical epidemiological study which surveyed a 
cross section of a sample of 172 patients visiting the Department 
of Dental and Maxillofacial Surgery, Federal Medical Centre, 
Birnin Kebbi, Nigeria, from July to October, 2016. This study was 
conducted under strict compliance with the Helsinki Declaration 
on health research involving human subjects.
Ethical clearance to conduct this study was obtained from the 
Research Ethics Committee of the Federal Medical Centre, 
Birnin Kebbi, Nigeria.
The instrument used for this study was a structured 
questionnaire which was adapted from similar studies [1,13]. 
The questionnaire had two sections: sections A and B. Section A 
obtained information on the socio-demographic characteristics 
of the participating patients while section B obtained information 
on the reasons why the participants presented late at our dental 
offi ce. The criteria for a patient’s eligibility to participate in this 
study were: willingness to participate; clinical evidence (i.e. 
history and examination fi ndings) of longstanding (more than 
a 3-week duration) oral health-related problems; and being of 
age 16 and above as at the period of the study.  Only those that 
gave verbal informed consent were recruited for the study. Data 
collected was cleaned, coded, and statistically analyzed using 
the SPSS Version 20 Software. Results from the analyzed data 
were presented using tables.

Results

Most of the participating patients (n=172) were males (57.6%), 
Muslims (73.8%) and of age 16 – 35 years (65.1%). Also, 
more than six-tenth (66.9%) of them were from the Hausa 
tribe, slightly more than six-tenth (62.8%) were married, 
and roughly four-tenth (40.1%) had polytechnic/university 
education (Table 1).
The reasons indicated by the surveyed patients for their 
delay in seeking early oral healthcare services at our dental 
clinic were diverse (Figures 1 to 4). However, the three most 
commonly given reason were: busy work schedules, dental 
anxiety, and preference for traditional treatment options.
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It is also noteworthy that there exists signifi cant association 
between the educational status of the respondents and the 
factors causing their delay in seeking dental care in our 
clinic. Quite many of those respondents that did not have the 
privilege to go to school indicated that they did not present 
early for dental care because they preferred traditional means 
of dental treatment. However, those respondents that had 
school education indicated that they delayed in presenting 
because of their busy work schedules.
However, this study has its limitations. First, this study was single-
centre study; it did not survey other dental clinics situated within 
the Birnin Kebbi metropolis, and other clinics in the neighboring 
towns. Therefore, it makes it diffi cult to make generalizations 
based on this study data. Second, this study was a survey of 
non-pediatric patients (aged 16 years and above); patients below 
the age of 16 years were not captured in the scope of this study. 
Hence, this study did not provide information on the reasons for 
delayed presentation among pediatric patients. Third, this study 
was strictly a clinical survey, as our study data was only collected 
from the patients attending our center; hence data of those 
individuals in the community setting were not captured.
Based on the above information, we would like to give 
some recommendations. First, there is a need for the dental 
professionals to create more oral health awareness among 
the people living in the Birnin Kebbi metropolis and even 
Kebbi State, at large. Second, the management personnel of 
the medical center where this study was carried out need to 
put in measures to ensure that the people visiting the center 
for dental care are provided with clinical schedules that are 
very fl exible with their time so as to ensure more patient turn 
out and reduce the problem of delay in dental presentation 
at the center. Third, the public need to be re-educated about 
dental visit and anxiety management in a dental offi ce; 
this recommendation is made because studies had shown 
that people tend to have some background anxiety when it 
comes to visiting a dentist for routine check-ups and dental 
care [21-25].
In conclusion, this study had provided evidence of delayed 
presentation among patients visiting the dental clinic of the 
Federal Medical Centre situated in the Birnin Kebbi metropolis. 
This study also identifi ed the reasons for such delay. This 
study also corroborates other studies in ascertaining that 
delayed dental visit is a public health and clinical problem 
in the Nigerian setting. Hence, there is an imminent need to 
ensure that the public are educated on oral health issues. 
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behind the delay of patients’ late presentation at the dental offi ce 
[14-18]. In these studies, it was mentioned that limited access 
to qualifi ed dental personnel, heavy engagements at work, 
ignorance, stress associated with dental visits, transportation 
problems, dental anxiety, ignorance, and fi nancial constraints 
were the factors causing such delay [14-18]. 
In our study, we observed that the reasons given by our 
surveyed patients for the delayed presentation of their oral 
health problems were somewhat similar to the reasons given 
by patients in other Nigerian healthcare centers, as mentioned 
in the preceding paragraph. Interestingly, we also observed 
that the reasons given by our respondents for the delay vary 
with their socio-demographic attributes; these attributes were 
age, gender, marital status, and educational status.
Age distribution was found to have strong association with reasons 
for delay in clinical presentation among our survey respondents 
(Figure 1). Dental anxiety was the most common reason for 
delayed presentation among those respondents whose age fell 
within the second decade of life. This fi nding supports the report of 
Thomson et al, whom in their study reported dental anxiety to be 
a strong factor militating against early dental presentation among 
young people [19]. Furthermore, busy work schedule was the 
most predominant factor responsible for delayed presentation 
among those respondents in the third to sixth decade of life; 
the reason why this is so is not far-fetched, since they belong 
to the working class age groups. Interestingly, the majority of 
those respondents who were above 60 years presented late to 
our clinic because they preferred traditional treatment option to 
clinical dental care. Many of these respondents as referred in 
the preceding sentence might have preferred traditional care 
probably because the Nigerian elderly population somewhat 
have preference for traditional care over clinical care. 
The most predominant reason given by both the men 
and women that participated in this study for their delayed 
presentation at our clinic was busy work schedules (Figure 
2). Similar fi nding had been earlier reported among dental 
patients in Taibah, Saudi Arabia [20]. Furthermore, the reason 
why this was the most predominant factor for the delay among 
our respondents was because the majority of them belong to 
the working class age groups. 
Marital status was also found to have some associations with 
the factors causing delay in seeking dental care among our 
study respondents (Figure 3). In this study, we found that many 
of the participating widows delayed in presenting at our clinic 
because they prefer traditional treatment options, unlike those 
respondents that were single/married/divorced who commonly 
gave a reason of busy work schedule. Based on the above, we 
could say that the widowed participants might have preferred 
traditional means of dental care to Orthodox care probably 
because of their fi nancial constraints unlike those respondents 
in other marital status groups (single/married/divorced) whose 
fi nancial burdens may not be as heavy as the widows. 
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Figure Legends

Figure 1. Column chart showing age (in years) distribution of patients with the reasons given for delay in presentation at the dental offi ce
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(Chi2 p-value=0.012; Only those participants that indicated both their age and reasons for delay in dental visit were computed in this statistics)

LEGEND
A = Busy at work, far distance; 
B = Fear of dental treatment; 
C = Previous dental experience; 
D = Prefer traditional treatment; 
E = Delay in hospital environment; 
F = Financial constraints; 
G = Family or friends advised me not to come to hospital
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Figure 2. Bar chart showing gender distribution of patients with the reasons given for delay in presentation at the dental offi ce
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Figure 3. Cone chart showing marital status of patients with the reasons given for delay in presentation at the dental offi ce
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statistics)

LEGEND
A = Busy at work, far distance; 
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C = Previous dental experience; 
D = Prefer traditional treatment; 
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G = Family or friends advised me not to come to hospital



19

Medical University

Figure 4. Stacked column chart showing level of educational status of patients with the reasons given for delay in presentation at the dental offi ce
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LEGEND
A = None; 
B = Arabic; 
C = Primary school; 
D = Secondary school; 
E = Polytechnic/University; 
F = Other tertiary institution; 
G = Total
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Table Captions

Table 1. Socio-demographic characteristics of participating patients

Characteristics Frequency %

Age 

16 – 20  20 11.6

21 – 25 30 17.4

26 – 30 38 22.1

31 – 35 24 14.0

36 – 40 11 6.4

41 – 45 12 7.0

46 – 50 17 9.9

51 – 55 8 4.7

56 – 60 3 1.7

>60 8 4.7

Not specifi ed 1 0.6

Gender 

Male 99 57.6

Female 72 41.8

Not specifi ed 1 0.6

Marital status

Single 58 33.7

Married 108 62.8

Divorced 3 1.7

Widowed 2 1.2

Not specifi ed 1 0.6

Educational status

None 12 7.0

Arabic 28 16.3

Primary school 11 6.4

Secondary school 34 19.8

Polytechnic/university 69 40.1

Other tertiary institution 16 9.3

No response 2 1.2
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Abstract
Background: Today, social media seems to be a common forum for sharing information, discuss ideas and knowledge. 
The number of social media users are at increasing trend even in developing countries. The importance of using 
social media, especially in delivering healthcare services information, include the creation of awareness and fi rsthand 
information of health and health-related issues (effect of adverse drug reactions, reporting, among others). 
Purpose: The main objective of this work is to outline and discuss the opportunities and challenges of using social 
media in the health area. Specifi cally, the objectives of this paper are to compare the role of health professionals and 
consumers with special reference to social media; detect the validity of the information available in social media, and 
understand how to deal with incorrect/false information, and to analyze the main characteristics of the publications on 
the subject social media in healthcare. 
Methods: This article is a narrative review, also a descriptive quantitative research, using the techniques of bibliometrics 
and sociometry in order to obtain information relevant to the subject in question. 
Results: The results presented the countries, researchers and universities that produced the most on the subject, and 
demonstrated the effi ciency of bibliometrics and sociometry techniques for health research, going beyond a narrative 
review. 
Conclusion: It is concluded that social media is a competitive differential in the provision of health services. To this end, 
institutions should empower their employees, encourage them to seek and convey reliable and accurate information, 
monitor routines, and evaluate results through user feedback. 
Suggestion: To this end, institutions should empower their employees, encourage them to seek and convey reliable and 
accurate information, monitor routines, and evaluate results through user feedback.
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Introduction

In the actuality, there is a evident transformation in how 
people access and share information. The advancement 
of digital technologies, specifi cally social media, brings 
with it a challenge for healthcare providers, tailoring their 
professional communication to meet users’ expectations 
for reliable and accurate information. There is a broad 
defi nition of social media, which is constantly evolving. 
The term generally refers to the online tools that enable 
communication, interaction, and sharing of information, 
images, videos between individuals and society in real 
time [1-5]. With regard to health care, the use of web 
communication, collaborative technologies, and social 
media are increasingly becoming of great interest, as the 
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way people communicate has changed; of particular 
importance, the way users and healthcare professionals 
transformed and interact. Digital technologies can be used 
by health professionals for various purposes: to exchange 
experiences among colleagues; update with daily news and 
scientifi c research; feedback to users and patients; as well 
as, seeking information about health and health-related 
matters, advise, opinion, among others purposes [6]. There 
seem some identifi ed challenges for the effi cient use of 
social media in the health area. Moreover, understanding 
how they’re being used by health professionals and users 
becomes critical. Because the use of social media today 
is one of the fastest means of communication and easy 
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that the use of social media can greatly assist users in both 
accessing information at any time and space. Therefore, 
patients may likely prepare using the platform rather than 
the face to face interaction with doctors. Considering the 
effect #LCSM (Lung Cancer Social Media hashtag) created 
in creating awareness, the use of social media and other 
electronic means of spreading health and health-related 
information cannot be overemphasized. 
Doctors can have a video conference and/or meeting and 
release fi rst-hand and instant information [11]. One could 
conclude that the evolution of the Internet contributes to the 
expansion of personal health information, with a growing 
trend. People are posting such information in the public 
domain, for example, in discussion forums. The availability 
of information, among them information on diseases and 
treatments, on the WEB has positive consequences. 
Hence, the individuals (patients) are better informed 
now and empowerment of the patients becomes a reality 
nowadays [7]. As such, the relevance and usefulness of 
social media for physicians in order to disseminate health 
information and publicize their services in today’s world 
are glaring. But there are problems and threats in the use 
of social networks that may negatively impact users and 
health professionals. This implies that precautions must 
be taken, to ensure privacy considering the legal aspects 
of sharing and exchanging health-related information [12]. 
Many healthcare providers express concerns over the use 
of social media in practice, particularly, interactions with 
patients have some ethical issues. However, the use of 
social media may not be unethical if ethical principles are 
followed and observed [13]. 
At the organizational level, health institutions have not yet 
fully assimilated or adhered to the shift towards public social 
communication, much less accompany legal and ethical 
issues. However, it is not an easy task to take advantage 
of the benefi ts and minimize the threats and downsides 
[9]. While it is essential to take into account legal, ethical 
and professional principles in the use of social media, it is 
equally paramount to state how relevant and useful sharing 
information through social media is, if they are reliable and 
true [13].

Methods

This is a descriptive, quantitative research using the 
techniques of bibliometric and sociometry in order to obtain 
information about the main features of publications on the 
subject: countries, institutions, authors, authorship networks 
and co-authorities, among others. It is also a narrative review 
highlighting the benefi ts of social media in healthcare.

interaction. Despite the importance of social media, users 
should try to identify and validate the information available 
in social media and understand how to deal with incorrect 
or false information. Since some users may employ this 
means to spread fake or false information, which may have 
negative effects on general users. Therefore, this paper is 
aimed at identifying and discussing the opportunities and 
challenges of using social media in healthcare service 
delivery. Specifi cally, the objectives of this paper are to 
compare the role of health professionals and consumers 
with special reference to social media; detect the validity of 
the information available in social media, and understand 
how to deal with incorrect/false information, and to analyze 
the main characteristics of the publications on the subject 
social media in healthcare.

The Relevance of Social Media for Healthcare

It is notable that the advance of digital technologies and 
social media are in full improvement and continuous 
expansion. Thus, health service providers must take 
advantage of and adhere to these advances in order to meet 
the needs and expectations of users [7]. In Netherland, the 
Internet has become the main source of health-related 
information for people. Almost 25% of the population wants 
to communicate through social media channels with their 
doctor. The health care services seem to reach a greater 
percentage of the population with the help of social media. 
In this sense, health professionals need to adapt and 
facilitate interaction with their patients with emergent online 
media [6]. Though, the number of health practitioners using 
technology to provide professional health services could 
be said to be on the growth, especially in the developing 
countries. However,  most of United States’ professionals 
have fully employed the use of technology not only in 
exchanging and sharing information but also interacting 
with other professional colleagues in discussing cases; 
teaching courses; exchanging experiences about the health 
segment; and mainly, to take high-level decisions, such as 
the preparation and issuance of diagnosis [8]. Interestingly, 
with social media as a means of communication, the 
routine of the doctors has changed and the means for 
communication and interaction with their patients also 
changed. In addition, how information and experiences are 
exchanged between professionals, through social networks, 
blogs, instant messaging, and video sharing, equally 
made easy. With this transformation, new opportunities 
have been opened, because it allows for the exchange of 
information in real time, which is independent of distance 
[9]. Affi rming this position, Smailhodzic, et al. [10] maintain 
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For data collection, we searched for the recent and relevant 
publications on the researched topic, specifi cally in the Web 
of Science - WOS database. The search strategy includes: 
the use of the keyword “Social Media in Health Care”, 
delimiting the search in the title of the manuscripts, only 
articles, between the periods of 2009 to 2018. In order to 
increase the number of publications, papers that cited these 
16 articles, totaling 269, were included, which served as a 
theoretical basis for our research. 
Data analysis was carried out through a quantitative 
approach. Also, the authors employed the use of the 
following software: Citespace, VOsviewer, and UCINET 
6.0, whose objective is to build social networks of the 
main characteristics of the publications on the subject in 
question.

Results

To meet the objectives of this study, the main features of 
the publications on the subject were described initially 
and analyzed the international publications in the WOS 
database as presented below.
A total of 269 publications were used, as described in 
table 1, which will serve as the basis for the results and 
discussion.

Analysis of publications on the Web of Science 
Base

In order to understand in which countries, institutions, and 
authors who are researching about social media in health 
care, the main publications were searched at WOS and the 
results are presented in figure 1-4.

In this sense, it is evident that there is an influence of 
the United States of America, with 126 publications, on 
social media in healthcare as shown. Also this notable in 
Australia, with 31 publications; Canada, 28 publications; 
England 27 publications; and the Netherlands, with 16 
publications. The figure 2 presents institutional production.
Based on the result on figure 2, the major universities that 
deepen studies on social media and healthcare include: 
the University of Sydney, Sidney, with 10 publications, 
and the University of Melbourne, in the city of Melbourne, 
with 6 publications, both in Australia; University of British 
Columbia, with 7 publications,  and the University of Toronto, 

Table 1. Number of publications per year and type of documents.

Document Types/Publication Years 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Totaling

Articles 0 0 0 3 3 15 38 50 51 53 213

Review 0 0 0 0 1 0 7 8 4 7 27

Editorial Material 0 0 0 0 2 1 2 1 6 7 19

Proceedings paper 0 0 0 0 0 0 1 3 3 1 8

Letter 0 0 0 0 0 0 1 0 1 0 2

Totaling 0 0 0 3 6 16 49 62 65 68 269

Figure 1. Countries that Produced the Most on the Subject. The 
size of the nodes represents the volume of publications in each 
country, the colors of the circle represent the publications of the 
country in a corresponding year. The color surrounding the circle 
indicates the extent to which the articles of a country have been 
cited in recent years, indicating a research front.
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Figure 2. Institutions that Produced Most on the Subject. Items are represented by their label and, by default, also by a circle. The label size 
and circle of an item are determined by the weight of the item. The color of an item is determined by the cluster to which the item belongs. Lines 
between items represent links, that is, in this fi gure collaborations between universities. Univ Sidney – University of Sidney; Univ Melbourne 
– University of Melbourne ; Univ Penn – University of Pennsylvania; Emory Univ – Emory University; Univ Toronto – University of Toronto; Us 
Fda – US Food Drug Administration FDA; Columbia Univ – Columbia University; Boston Univ – Boston University; Univ Maryland – University 
of Maryland Baltimore; Univ Adelaide – University of Adelaide; Washington Univ – Washington University Wustl; Austin Hosp – Austin Hospital; 
Salford Royal Fdn Trust – Salford Royal NHS Foundation Trust; Jeroen Bosch Ziekanhuis; Nati Chengchi Univ – National Chengchi University; 
Mcgill Univ – Mcgill University; Friedrich Alexander University Erlan; Atilim Univ – Atilim University.

Figure 3. Networks of Co-authorship. SALEM J – Salem, Johannes; 
BAUNACKE M – Baunacke, Martin; BOEHM K – Boehm, Katharina; 
CAPPS AE – Capps, Alisha E.; KOONTZ NA – Koontz, Nicholas A.; 
PANAHI S – Panahi, Sirous; HEITKAMP DE – Heitkamp, Darel E.; 
WANG XQ – Wang, Xuequn; JACKSON D – Jackson, Debra; DOD-
SON SC – Dodson, Sean C.; KAMER AP – Kamer, Aaron P.; FRANK 
MS – Frank, Mark S.; BORGMANN H – Borgmann, Hendrich; HAN-
SEN M – Hansen, Margareth; ELLIOTT D – Elliott Doug; SCHMID 
M – Schmid, Marianne; HUBER J – Huber, Johannes; MACNEILY A 
– MacNeily, Andrew; BRIGHT JR – Bright Jeremy R.; BURTCHELL J 
– Biurtchel Jeri; KANTOR D – Kantor, Daniel;  TREHAN SK – Trehan, 
Samir K.; DOSHI AM – Doshi, Ankur M.; 

ROSENKRANTZ AB – Rosenkrantz, Andrew B.; DALUISKI A – Da-
luiski, Aaron.

Figure 4. Networks Cited References. The items are represented by 
their label and a circle. The size of the label and the circle of an item 
are determined by the weight of the item, the larger the circle, the 
more cited. The color of an item is determined by the cluster to which 
the item belongs. Lines between items represent links, that is, in this 
fi gure, collaborations between authors. Authors name: Von Muhlen 
(2012); Silver (2015);  Usher (2014); Keller (2014); Brown (2014); 
Rolls (2016a); Salem (2016); Childs (2012); Patel (2017); Wadhwa 
(2018); Gilbert (2015); Abadi (2015)..
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Health professionals should employed empathy in dealing 
with the patients and patients’ relations. They should 
respect individual persons with dignity while delivering 
health care service either online or otherwise to win the 
confi dant of the patient; as such, the patients’ may be 
reassured and be willing to share the most important 
personal information about his illness, which may, in 
turn, assist the health worker (doctor) to understand his 
condition better. In certain social contexts, especially when 
there is confl ict, it becomes necessary to control one’s own 
emotions as healthcare service provider and make an effort 
to understand and validate the feelings and perspective 
of the other person. In this sense, success in social and 
interpersonal relationships depends on the health workers’ 
integration of empathic qualities - putting themselves in 
place of the other, assertive and problem-solving ability, 
with their cognitive and behavioral components [16], while 
discharging their duties. The search for training and new 
knowledge is essential for health professionals in order to 
develop their careers and improve themselves, and social 
media can offer a unique opportunity to interact and share 
knowledge [17]. In dealing with patients’ information, health 
professionals may face sensitive situations. At the same 
time, health professionals are obliged with the privacy and 
confi dentiality of the information, they are also committed to 
the truthfulness and fi delity of the facts, which may or may 
not imply disclosure [18]. It is also important to emphasize 
that the privacy policies of networks are not effi cient, as 
they are easily circumvented by minors who wish to create 
an account in social networks, and there fi nding various 
content not suitable for their age group. Thus, there should 
be a concern of health professionals, in making any 
publication, always attentive to ethical rules and conduct 
aimed especially at adolescents and fragile, preventive in 
order not to cause harm to this public. 
In order to minimize risks and maximize the benefi ts of using 
sources of health information as well as dealing with false 
information, a concerted effort is urgently needed. On the one 
hand, the specialization and training of professionals in this 
regard are paramount, so that they can validate the useful 
information and become less subject to possible manipulative 
attempts. There are ethical standards that should guide such 
procedure, these are: professionals should have compassion 
for the people involved; avoid creating false hopes and be 
rigorous in disseminating any information, which requires 
knowledge about science and medicine, including their 
methodologies relating to how to use medicine and use some 
medicinal tools [19].
Concerning the validity of information, it should be a 
constant. However, when forming online communities or 
WhatsApp groups, you must guard against free for all 
access and subject must be restricted to a specific goal 

with 8 publications, were identified among Canada’s most 
respected public institutions who engaged in the study on 
social media and healthcare services; Emory University 
located in Georgia, with 8 publications, and University 
of Pennsylvania, Pennsylvania, with 5 publications, and 
Columbia University, located in the city of New York, with 4 
publications, both in United States, were equally active in 
this area of research as shown in figure 2. The next result 
presents network co-authorship.
Analyzing the references cited by the authors of the 
publications becomes essential to understand which authors 
were the theoretical bases for most of the papers that compose 
the sample.
Out of the authors sampled, Von Muhlen (2012) is the most 
cited work by authors of the research sample on the subject 
in question. It is worth highlighting that the Von Muhlen 
(2012) being most cited, followed by Silver (2015) and Usher 
(2014).
Based on the considerations made (see table 2 in the 
appendix), it is realized that there are still many challenges 
facing the use of social media in healthcare delivery, as some 
people rely fully on the information, while others take due 
precautions before using such information. On the other hand, 
others rejected the use of social media on ethical ground.

Discussion 

The relevance of social media, such as Facebook, Instagram, 
Twitter, among others for healthcare service delivery has 
been proven to be effective [6-8]. It is known that the validity 
of the information is important, therefore, the ethical and 
legal aspects must be taken into account. It is important 
to note that technological advances have contributed 
positively towards sharpening the relationships between 
doctors and patients through the dissemination of relevant 
and important information that is helpful to patients via the 
use of social media platform. It is noteworthy to note that 
the advancement of mobile technologies, in particular, the 
WhatsApp application and Facebook, favored the health 
workers (Doctors) in exchanging professionally educative 
information communication with patients and patient relatives. 
Currently, many government agencies and institutions such 
as Public Health Facilities, autonomous professional bodies 
are employing social media platforms in advertising both their 
services and sharing of information. In addition to the social 
media, in the health area there are mobile applications that 
are used to order, schedule, track, and manage health and 
wellness aspects [14]. However, in a very superfi cial manner, 
little is shared towards the contribution for the promotion of 
health [15].
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of community and group. It is essential to preserve the 
confidentiality and privacy of online users, as well as 
provide mechanisms for online users to express their 
concerns. In closed groups, the authorization of the 
administrator becomes fundamental before the data will 
be collected and analyzed [7]. What is published must 
be censored for validation; and checking the reliability of 
the information to be posted online for the consumption 
of the general users [15]. Another most significant aspect 
of online information is the consideration of the ethical 
issues, which must be guided by the policy provided 
for such regard. The relationships between users and 
professionals in social media occur in a harmonic way, 
herons to ethics [20]. Regulatory and ethical guidelines 
exist to ensure safety, integrity, consistency, confidentiality, 
and credibility of information. So that, the use of social 
media in the healthcare service delivery should be in 
accordance with ethical issues; and that only valid and 
verifiable information is made available for users so that 
they will benefit [8]. Online information needed to be 
validated and carefully authenticated, because it can reach 
a large number of population within a short time frame and 
once otherwise information was shared, its effect may 
be great and damaging [15]. For this reason, therefore, 
Healthy on the Net (HON) Foundation was founded. HON, 
an institution created for the regulation and certification 
of websites based information, whose content is aimed at 
the health segment in order to prevent and combat the 
proliferation of inconsistent and false information about 
health and health-related matters. This foundation has 
created a code of conduct - HONCode, which ensures that 
medical and health websites in general present objective, 
useful, and correct information from the point of view of 
specialists. Standards-compliant domains are certified 
and monitored regularly, which have the ability to detect 
technical irregularities [8]. 

Conclusion

The results presented the countries, researchers and 
universities that produced the most on research on 
health and the use of social media, and demonstrated 
the effi ciency of bibliometric and sociometry techniques 
for health research, going beyond a narrative review. It is 
concluded that social media is a competitive differential in 
the provision of health services. To this end, institutions 
should empower their employees, encourage them to seek 
and convey reliable and accurate information, monitor 
routines, and evaluate results through user feedback. 

Technological advances bring innumerable benefi ts to 
companies that provide services, including health care, but 
to take advantage of them they cannot be averse to change. 
It is also worth emphasizing that health professionals 
should be cautious with publications made in social media, 
because there are laws that protect the identity, privacy, 
image, and privacy of the human being, and violation of 
these rights can have repercussions from a legal point of 
view [21]. There is a need to expand the focus of this study 
through case studies of success in the use of social media 
in the area of   health. Current and future research in social 
media for healthcare can provide relevant information for 
researchers, students, physicians, health professionals, 
and other interested parties.
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Appendix 1

Table 2. Current and Relevant Research on Social Media and Health Care (2009-2018).

S/N Authors Purpose Methodology Conclusion

1 Fatimah Alshakhs
and Turki Alanzi [12]

To analyze the perception of 
health professionals in Saudi 
Arabia about the use of social 
media in health care.

Case study. The results of this research indicate the relevance 
and usefulness of social media for physicians in 
order to publicize their services and disseminate 
health information. However, precautions must be 
taken concerning the privacy, and legal aspects, 
thus avoiding lawsuits that may tarnish the image 
of professional.

2 Michael Fuoco and 
Michael J. Leveridge [22]

Understand routines and 
procedures in the use of social 
media by urologists.

A case study at the Canadian 
Urology Association, using an 
online questionnaire for data 
collection.

It is concluded that the urologists are not using 
social media often. This inferred that they seldom 
used it to exchange ideas and information 
between colleagues.

3 Glover M, Choy G, Boland 
GW, Saini S, Prabhakar 
AM [23]

To evaluate the advantages of 
using social media by students 
and radiology professionals.

Case study. It is concluded that radiology professionals are 
already adept at the use of specifi c social media, 
and the use of this tools seem to be valuable in 
increasing interaction between patients and the 
professionals.

4 Marjolijn L. Antheunis, Kiek 
Tates and Theodoor E. 
Nieboer 
[24]

To analyze the purposes, 
opportunities, and diffi culties 
in the use of social media 
by patients and health 
professionals.

Field research work with patients 
and professionals of obstetrics and 
gynecologist, using interviews as 
an instrument.

The results demonstrated discordance in users’ 
and professionals’ motives about the use of social 
media in healthcare.

5 Holly A. Taylor, Ellen 
Kuwana and Benjamin S. 
Wilfond [25]

To describe the ways in which 
social media are used in health 
research, taking into account 
ethical aspects.

Conceptual review. The review revealed a concerned over privacy, 
validity and reliability of information through social 
media. And concluded that to maintain the trust 
and credibility of online surveys, it must be ethical, 
valid, and reliable.

6 Jenine Saleh [26] Analyze the strengths and 
weaknesses of the use of 
social media health focusing 
on the views of patients and 
physicians.

Conceptual review. It is evident that social media can be used to 
disseminate knowledge, promote training. Use 
of social media encourages positive interaction 
between patients and professionals. 

7 Jeff Cain [9] Emphasize and discuss 
institutional policies and 
employee training on social 
media uses.

Conceptual review. The review concludes that clear and accurate 
institutional policies on the use of social media 
and employee training can avoid ethical and legal 
disruption, avoiding complications.

8 Kerstin Denecke [7] To promote awareness of ethical 
issues in the use of social media 
in the context of public health.

Conceptual review. Based on the review, it became clear that the 
users are aware about ethical issues related 
to the use of social media in the fi eld of public 
health.

9 Kendra Gagnon and Carla 
Sabus [13]

Demonstrate the emergence 
of social media in the health 
area, reporting the positives 
and negatives in its use by 
physiotherapists.

Conceptual review. The paper concluded that it is essential to take 
into account legal, ethical and professional 
principles in the use of social media for health 
care services, but she they are of great relevance 
to provide mutual learning networks and useful 
platforms for the provision of reliable information 
by health professionals to users
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S/N Authors Purpose Methodology Conclusion

10 C. Matthew Hawkins and 
Ruth C. Carlos [27]

Evaluate the ways in which 
social media impact the 
profession of physicians.

Conceptual review. This work identifi ed the impact of social media on 
the careers of physicians and the contemporary 
practice of medicine, its origin, and depth 
covering it uses, in the way that meetings, events, 
professional training are held, in the formation of 
online discussion groups.

11 Kotsenas AL, Arce M, Aase 
L, Timimi FK, Young C, 
Wald JT [28]

To analyze the strategic use of 
Social Media in Health Care.

Case study It was verifi ed that the researched institution used 
the social media as strategic differential, being 
important in the defi nition and expansion of the 
brand reach and in the increase of the demand for 
consultations.

12 Smailhodzic E, Hooijsma 
W, Boonstra A, Langley 
DJ [29]

To report the purpose of the use 
of social media by patients and 
health professionals and the 
relationships between them.

Conceptual review. It is concluded that patients seek relationships 
and social support information in social media. 
They look for relationships and information that 
give technical, emotional and well-being support.

13 Van de Belt TH, 
Engelen LJ, Berben SA, 
Teerenstra S, Samsom M, 
Schoonhoven L [30]

To analyze the preferences of 
usage of the Internet and social 
media in healthcare.

Field research using interviews. The paper concluded that a quarter of the 
population in the Netherlands would like to 
exchange information with their doctor through 
social media, with a probability of raising that 
percentage. And the authors suggested to health 
professionals the use of new forms of online 
communication and the facilitation of access by 
patients.

14 Atique S, Hosueh M, 
Fernandez-Luque L, 
Gabarron E, Wan M, Singh 
O, et al. [31]

Understand the obstacles faced 
by students in an online course 
related to health through social 
media and the quality of access 
and information.

Case study through an online 
survey.

The results concluded that there is a need for t 
training of the general population (patients) on 
how to access and use social media in order to 
identify reliable and accurate information.

15 Desai DG, Ndukwu JO, 
Mitchell JP [32]

To explore the utilization of 
social media in the healthcare 
area.

A case study using data collection 
interviews with physicians in order 
to measure their perceptions 
about the relationship between 
physicians and patients via social 
media.

The results showed that most doctors do not 
hesitate to accept their patients as Facebook 
friends. This indicated that they are using 
Facebook to interact with their patients. 

16 Khudair, A. A. and 
AlOshan, M. S. [33]

To analyse the usability of 
social media in healthcare 
service delivery considering the 
wellbeing of autistic patients.

Conceptual review. The results showed that those responsible for 
autistic children are always researching additional 
information to authenticate prior information and 
ask if they are reliable and accurate, as well as 
emphasize the need to expand online information 
on autism.

16 Khudair, A. A. and 
AlOshan, M. S. [33]

To analyse the usability of 
social media in healthcare 
service delivery considering 
the wellbeing of autistic 
patients.

Conceptual review. The results showed that those responsible 
for autistic children are always researching 
additional information to authenticate prior 
information and ask if they are reliable and 
accurate, as well as emphasize the need to 
expand online information on autism.
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Abstract
Currently in the modern pedagogical process at a higher medical institution, teachers often shift emphasis towards 
the new technologies and methods for treating diseases. In this case, classical techniques, their development, 
and scientists who infl uenced the formation of orthopaedic dentistry are undeservedly downplayed in the training 
process. In order to preserve the interest of dental students in the historical process, it is necessary to teach the 
material taking into account modern processes that occur in orthopaedic dentistry. We searched for materials on 
the history of prosthetic dentistry in the scientifi c and historical literature. A special attention was paid to those 
moments of history that had been refl ected in the present through modern materials, schools or methods of treating 
patients. After the selection of the materials and their discussion, the teaching staff of the KrasSMU Department-
Clinic for Prosthetic Dentistry made proposals regarding each of the nine training cycles. In each study cycle, we 
included some information about historical moments and personalities that are known to be important for students’ 
moral education and learning. Specifi cally, we used information taken from the scientifi c and historical literature, 
autobiographies, memoirs of contemporaries, and presentations containing material suitable for assimilation. Thus, 
we managed to naturally include the history of prosthetic dentistry into the educational process. 
The applied approach to teaching the history of medicine had many positive aspects.  Following up the development 
of views on various prosthetic dentistry issues allowed us to provide a more natural introduction to complex clinical 
disciplines. We emphasized the scientifi c experience continuity and the interdisciplinary approach to professional 
issues. A number of positive moral and ethical qualities were discussed that have allowed scientists to achieve 
signifi cant results in their activities. Through the demonstration of domestic scientists’ achievements, we carried out 
promotion of patriotism among the students. Considering the above advantages, we emphasize the importance of 
teaching the history of prosthetic dentistry in educating future dentists.
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university pedagogy • prosthetic dentistry • Medical History • training modules

Medical University

31

Introduction

Over the past decades, dentistry as a branch of medicine has 
undergone signifi cant changes in many areas [1, 2]. Advances 
in scientifi c and technological progress led to the emergence 
of many new materials, increase in their availability, and new 
high-tech equipment appeared. The number of research 
centres that study the fundamental and applied issues of 
medicine is increasing. In science, globalization begins which 
leads to the unhindered exchange of previously inaccessible 
experience between colleagues and the study of new 
problems. Scientists investigate previously underexplored 
nosological forms of diseases, and identify a lot of new ones. 
Recent development leads to the emergence of new dental 
schools, concepts, and techniques for the treatment of severe 
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patients [3]. Today, patients who previously could only get 
palliative care have new opportunities and solutions for a 
comfortable life and recovery.
Due to these changes prosthetic dentistry has a special status. 
The dentist has the fi nal material result, namely fi nished 
orthopaedic structures. Advances in materials science and the 
study of dental diseases allow for more effective treatment of 
patients. Now there are opportunities for both aesthetic and 
functional rehabilitation. It is important to understand that such 
assistance has basically become available for the majority 
of the population [4, 5]. The availability of new technologies 
creates a high need for qualifi ed specialists who can provide 
high-quality medical care.

© 2019 Vladislav Galonsky. This is an open access article distributed under the 
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studying modules. In total there are nine modules. They are 
as follows: “Materials Science in Prosthetic Dentistry” covered 
during the second semester, “Propaedeutics of Orthopaedic 
Dentistry” covered during the third and the fourth semesters, 
“Simple Dentures” covered during the fi fth semester, 
“Complex Dental Prosthetics” and “Modern Technologies in 
Aesthetic Dentistry” - during the sixth semester, “Prosthetics 
in the Absence of Teeth” – during the seventh semester, 
“Gnathology and Functional Diagnosis of TMJ” – during the 
eighth semester, “Clinical Prosthetic Dentistry” – during the 
ninth and tenth semesters, and “Maxillofacial prosthetics” 
– during  the tenth semester. We analyzed the historical 
literature and highlighted the main events and personalities 
that signifi cantly infl uenced the development of Russian 
orthopaedic dentistry.
When studying the module “Materials Science in Orthopaedic 
Dentistry”, students considered domestic people who made a 
signifi cant contribution to the development and improvement of 
materials for orthopaedic manipulations and the manufacture 
of dental prostheses. Specifi cally, the developments by 
B. N. Bynin and other employees of the Central Institute for 
Traumatology, Orthopaedics and Prosthetics were discussed. 
The study of acrylic plastics made it possible to obtain 
the materials which are widely used for dentures today. 
V. N. Kopeikin and the employee of the Research Institute 
for Plastics V. N. Kotrelev developed the “Karbodent” plastic 
formulation which is widely used today in the orthopaedic 
structures. The works by S. S. Ass and D. N. Citrin made 
it possible to reduce the cost of prostheses through the 
development of stainless steel, which at the same time 
possessed a number of important qualities and did not 
adversely affect human health. Thus, in these examples, 
we focus on the independence of domestic production 
through the scientifi c achievements of our compatriots, 
which is especially important in modern realities. The close 
cooperation of dentists with research laboratories on the 
developments of fundamental character in materials science 
is very representative. An example of such cooperation is the 
collaboration of the MMSI Research Laboratory under the 
direction of V. Yu. Kurlyandsky with the Moscow Special Alloys 
Plant for the development of the fi rst silver-palladium alloys 
used in orthopedic dentistry. This historical fact indicates the 
effectiveness and need in cooperative resolution of scientifi c 
and technical issues [7]. 
When studying the module “Propaedeutics of Orthopaedic 
Dentistry”, fi rst of all, students should know the functional 
anatomy of the masticatory apparatus and diagnostic 
activities in orthopaedic dentistry. Such domestic fi gures as 
N. I. Agapov and I. M. Oksman made a great contribution to 
the development of diagnostic measures. They proposed and 
implemented methods for non-invasive assessment of the 
chewing effectiveness loss. The activity of I. S Rubinov and 

Accordingly, a situation often arises at a medical university when 
the emphasis is shifted in favour of acquaintance with advanced 
treatment techniques and new concepts.  Defi nitely, in order 
to prepare students as highly qualifi ed specialists in dentistry, 
it is important to train them in modern technologies for treating 
patients. However, classical techniques and their modifi cations 
stagnate, and personalities, the value of their personal and 
professional growth, as well as the history of modifi cations are 
forgotten. Teachers pay very little attention to them. Certainly, 
this fact is directly refl ected in the method of presentation, 
curriculum, and educational component of training [6].
Thus, there is a problem of effective integration of historical 
studies into the future doctors’ training. It is important to 
preserve knowledge of the Medical History, and increase 
students’ interest in it.

Methods

To solve the problem of the applied nature of the Medical History 
in the dentists training, we studied the scientifi c and historical 
literature on the history of prosthetic dentistry, and found parallels 
between its modern achievements and classical techniques and 
their authors. We discussed the materials among the teaching 
staff of the KrasSMU Department-Clinic for Orthopaedic 
Dentistry with the aim of their introduction into training. 
The presentation of historical material took place through the use 
of both historical literature and autobiographical essays, as well 
as through the use of digital learning technologies. During the 
presentation of the lecture material, historical background was 
provided for each topic studied. It contained a brief biography and 
the main achievements of the historical fi gures who infl uenced 
the development of prosthetic dentistry. We also considered 
the early versions of a particular structure, its development and 
independent branches. In the fi nal slides, we provided important 
literary sources including classical textbooks. In practical 
classes, we showed prototypes and the development of various 
structures and materials that had been used previously.
An important factor in planning the presentation of the material 
was the applied nature of historical information in relation to 
current trends in prosthetic dentistry. For this purpose, we focused 
on certain important historical fi gures, namely, on their important 
achievements and moral qualities and their signifi cance in the 
implementation of scientifi c activities.  

Results

At the KrasSMU Department-Clinic for Orthopaedic Dentistry, 
we consider the historical aspects of dental prosthetics when 
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S. E. Gelman is also important. They studied the loss of 
chewing effi cacy with natural products, which is a very 
approximate method in relation to natural conditions. Although 
now, there are active developments in obtaining new methods 
for determining chewing effectiveness, these chewing samples 
do not lose their relevance due to natural test products and 
remain classic. The method of masticasticography developed 
by I. S. Rubinov made it possible to identify in detail the 
important role of refl exes in contact with food in the mouth. 
Of particular importance is the “Functional Pathology” concept 
formulated by Professor V. Yu. Kurlyandsky [8]. According 
to I. V. Ushakov, this method of determining the orthopedic 
treatment plan is extremely successful and helps to avoid 
mistakes in the future. These works make it possible to more 
clearly understand the work of the chewing apparatus, the work 
of the digestive tract and the role of its relationship with the 
central nervous system, as well as evaluate the effectiveness 
of orthopedic treatment. An important point for the education 
of students is that all the above techniques, being classic, are 
relevant to this day. Both in our country and abroad, they are 
widely used in planning orthopaedic treatment and assessing 
the success of restoring the chewing function.
Extremely prominent historical fi gures are, no doubt, 
V. Yu. Kurlyandsky, V. N. Kopeikin, A. Ya. Katz, I. M. Oksman, 
B. N. Bynin, L. V. Ilina-Markosyan, E. M. Gofung, and 
others. We talk about them in the modules “Simple Dental 
Replacement” and “Complicated Dental Replacement”. Their 
activity has radically changed the domestic orthopaedic 
dentistry, has formed many schools, which, in turn, have 
prepared many talented students. They carried out many 
signifi cant studies for the clinician on important issues. These 
scientists have developed new methods of research, identifi ed 
many forms of diseases, and developed measures to prevent 
these diseases. They suggested variations of orthopaedic 
structures for use in diffi cult clinical situations. These fi gures, 
no doubt, are an example of a scientist and a dentist, moral 
and inquisitive, striving for the development of his fi eld, 
which is important in creating of the future dentist personal 
characteristics in training [9, 10].
The training module “Prosthetics in the Absence of Teeth” 
occupies a special place in the training future dentists. 
Knowledge about topographic-anatomical and functional 
features of the chewing and speech apparatus and their 
interaction with the orthopaedic structures, the study of clinical 
and laboratory stages - all this may be diffi cult to master. The 
aim is to facilitate the educational process by studying the 
historical development of views on the methods of complete 
removable dentures fi xation. An important contribution was 
made by such personalities as V. Yu. Kurlyandsky, E. Ya. 
Vares, E. I. Gavrilov, and G. B. Brahman. The aim of their work 
was to improve the fi xation of complete removable dentures, 
to obtain high-quality impressions and to study the possibilities 

of structural materials. Of course, not all developments 
were successful. But a lot of groundwork can be found
in modern methods, such as individual spoons, which 
G. B. Brahman previously proposed to make from wax. 
Before now, V. Yu. Kurlyandsky proposed to implant a metal 
frame in the lower jaw to improve the fi xation of full dentures. 
Our scientists attempted to implant domestic developments, 
namely implants made of ACR-9 plastic or EHmass-12. This 
fact also indicates the need for disciplinary communication 
for the use of experimental techniques in the treatment of 
patients. Examination of failures in testing some manufacturing 
techniques and attempts to improve the fi xation of prostheses 
allows the students to understand the mechanism of 
manufacturing a functionally effective full denture. The gradual 
fi nding of the optimal clinical and laboratory stages sequence 
through the interaction of various concepts and materials 
allows us to avoid mistakes, incomplete understanding of the 
methodology, and anatomical and physiological bases. And all 
this makes prosthetics functionally effective. Also, the formerly 
varied in success experience on this issue helps to outline 
development vectors in the future, without repeating previous 
mistakes and not entering into the previously experienced 
dead ends [11, 12].
At the Department-Clinic for Orthopaedic Dentistry of 
Krasnodar State Medical University, the module “Gnathology 
and Functional Diagnostics of the TMJ” is relatively young, but 
no less important. Understanding of the occlusal relationship 
and their anatomical and physiological rationale is important, 
both from a fundamental point of view and in the daily 
activities of a dentist. Domestic developments in this direction 
appeared to answers the clinical questions about treatment of 
complex nosological forms. A. Ya. Katz, A. M. Guzikov, and 
V. Yu. Kurlyandsky were actively engaged in studying the 
infl uence of articulation relationships, and their anatomical and 
functional substrate. A separate point is the study of views on 
TMJ diseases and their diagnosis, as views on the pathogenesis 
and etiology have undergone signifi cant changes. B. N. Bynin 
and M. Z. Mirgazizov actively developed this subject. In the 
future, their students continued their fundamental work, and 
expanded the knowledge about the treatment of diseases 
associated with the disruption of the TMJ elements. Being 
one of the successful students, V. A. Khvatova developed and 
systematized many important issues of Russian Gnathology. 
Continuing the original goal of researching these diseases, 
scientists actively implement the gnathology fundamentals not 
only in the work of narrow specialists, but also in the everyday 
workfl ow of all dentists [13].
Clinical prosthetic dentistry, within the framework of the 
relevant module, is important in the professional activity of 
future dentists. This discipline is important in terms of both 
training and education. First of all, the subject teaches to use 
a comprehensive approach to the diffi cult clinical cases and 
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rehabilitation of patients. V. Yu. Kurlyandsky, E. I. Gavrilov, 
V. I. Kulazhenko, V. N. Kopeikin, and others made signifi cant 
contributions. The activity of V. Kurlyandsky who solved a 
number of problems is especially important. He conducted 
many studies on the effect of denture materials on the human 
body, the classifi cation of anatomical and morphological 
features of the maxillofacial area, and the issues of fi xing 
removable dentures. Understanding the pathogenesis and 
etiology of periodontal disease has expanded signifi cantly. 
His teaching activities led to the emergence of many talented 
students who continued to develop his ideas. Nowadays 
students of his students are working for the benefi t of 
domestic dentistry and the health of patients. In general, 
the interdisciplinary approach of these scientists to solving 
complex clinical problems turned out to be very important. It 
allowed to form and order a set of the scientifi c and practical 
data received so far, to fi nd effective solutions for treatment of 
patients, and to form domestic schools of dentistry. 
The history of maxillofacial orthopaedics, which is studied 
in the training cycle “Maxillofacial Prosthetics” is considered 
from the earliest times. Many fi gures such as N. I. Pirogov, 
Y. Shimanovsky, S. Tigerstedt, and others developed various 
methods for rehabilitation of such patients in war and post-war 
time [14]. They offered techniques for fi xing the jaws for fractures 
and gunshot wounds, which was especially important during the 
First and Second World Wars. They actively used affordable 
and cheap materials, such as rubber and aluminium wire. The 
availability, cheapness and ease of use of aluminium wire and its 
versatility allowed it to be widely used in various conditions. This 
fact is also very important for the search for new materials in the 
future for their widespread use. Modifi cation history of obturator 
prosthetics is particularly signifi cant due to their frequent practical 
application at this time. The pioneer was Ambraus Pare, who 
proposed replacing palate defects with a special structure - an 
obturator. Later on, many doctors made their improvements and 
developed methods for the rehabilitation of patients with various 
congenital and acquired dental-maxillary deformities. We note 
the contribution of such domestic scientists as I. M. Oksman, 
V. Yu. Kurlyandsky, Ya. M. Zbarzh, Z. Ya. Shur, E. Ya. Vares, and 
B. K. Kostur. Various scientists have proposed many ideas for 
the design of prostheses or their modifi cations. In this fi eld, one 
can clearly see the continuity and development of several initial 
ideas through achievements and failures. It is important that both 
domestic and foreign doctors many times improved the original 
idea. It shows a long way of one development to the fi nal result.

Discussion

When studying each module, students learn about historical 
scholars who have made signifi cant contributions to the 

study of the topic being studied. However, simply analysing 
personalities and achievements may not refl ect the importance 
and complexity of the work. Therefore, there is an emphasis 
on the context of those events that can have a benefi cial effect 
on students as they contain positive goals [15]. To display the 
most benefi cial ideas, it is important to carefully analyze the 
historical material to fi nd interesting and accessible information 
for the presentation to students. Providing a complete set of 
historical facts may not cause the desired response of the 
trainees, as such a large and monotonous material is diffi cult 
to understand. Moreover, just such a narration can cause the 
student rejection to study the history of the specialty. The study 
of various historical personalities deserves special attention. 
The leading role here belongs to the life path, which the 
scientist passed in his professional activity. The complexities 
and peculiarities of life led to the formation of the necessary 
character traits due to which their professional success was 
achieved. Demonstration of intelligence, perseverance, 
persistence of character, sociability - all this can serve as an 
example for the moral image of the student as a future doctor. 
It is also important to demonstrate the continuity and education 
of the particular fi gure followers. Thanks to this, patience is 
instilled for labour. Many ideas and developments had come 
a long and thorny path through generations of researchers 
before they were used in the treatment. The patience with 
their colleagues is an example of educating the students and 
forming entire schools around concepts that academics had 
created. Illustrative are examples of dentists’ cooperation with 
various scientifi c centres of other specialties. The success of 
this approach historically in the development of orthopaedic 
dentistry shows the need for cooperation in solving fundamental 
problems. Establishing links between different specialists is 
one of the most important skills in the profession of a dentist. 
Teaching considering the current state of prosthetic dentistry 
is an important pedagogical tool. First, it raises the necessary 
qualities of a future dentist. Secondly, it helps to understand 
that scientifi c and educational activity is a multi-component 
process. It requires a careful approach, and mistakes are 
inevitable. But errors make it possible to fi nd other solutions 
and are also a starting point for new works. Thirdly, we show 
modernization and improvements of many tools habitual to 
us. In the future, young scientists refl ect the comprehension 
of these moments in their works.  Understanding the topic can 
be diffi cult without a vision of the background which stimulated 
the development of the scientifi c thought in this direction. 
Many achievements have become fundamental in modern 
orthopaedic dentistry. Many scientists worked in different 
areas and conducted parallel development. If specialization 
becomes the motto of work, it is an important educational 
moment in our time. It  shows the importance of exploring 
different directions, regardless of specialization. Fourth, we 
must consider the importance of patriotic values cultivation 
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branch, is necessary for the education of a full-fl edged dentist. 
The combination of advantages with the applied nature of its 
presentation allows us to develop students’ moral qualities. 
Successful examples of scientifi c activity foster patriotic 
feelings and improve the understanding of the basic material.

Confl ict of Interest Statement

The authors declare that there is no confl ict of interest 
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among the youth. In the context of globalization, the self-
awareness within the framework of the fatherland undergoes 
signifi cant changes. The trend displays all foreign, as the best 
with no alternative. This opinion is successfully replicated 
among young people. Thus, there is a need to foster patriotism 
as an alternative to the established trend. Demonstrating the 
achievements of domestic scientists who faced with the task of 
building independence from foreign materials and developing 
new methods with domestic materials is a good solution to 
this problem.
Given the above, we claim that teaching the history of 
orthopaedic dentistry, especially its domestic, Russian 

References

1. Pashkov KA. Main trends and tendencies historical development of 
our country dentistry. Pract Med. 2011;4(52):163–7. Russian.

2. De Paola DP. The evolution of dental education as a profession, 
1936 – 2011, and the role of the Journal of Dental Education. J Dent 
Educ. 2012;76 (1):14–27.

3. Snakin VV, Ivanov OP, Vinnik MA. Globalization in the society, sci-
ence and education. Hist Pedagogy Nat Sci. 2016;1:29–35. Russian.

4. Lapina NV, Izhnina ЕV, Grishechkin SD, Seferyan КG, Gr-
ishechkin МS. Historical aspects of medical specialty “Dentistry”. 
Kuban Sci Med Bull. 2017;1(162):165–70. Russian. https://doi.
org/10.25207/1608-6228-2017-1-165-170.  

5. Crowley JP. The most important invention in the history of den-
tistry and what it teaches us about the future. J Am Dent Assoc. 
2017;148:707–8. https://doi.org/10.1016/j.adaj.2017.08.024

6. Felker EV, Baroyan MA. Specifi city of teaching the module “Dental 
Prosthesis (Basic Prosthesis)” in students of the dental faculty. Mod 
High Technol. 2018;4:184–8. Russian.

7. Lebedenko IYu, Anisimova SV. Contribution of Professor VYu. Kurly-
andsky and his followers to the development of Russian dental ma-
terials science. Cathedra. Dent Educ. 2008;7(4):70–4. Russian.

8. Sperber GH. Teeth as pearls of wisdom. BDJ. 2017;223:787–8. 
https://doi.org/10.1038/sj.bdj.2017.987

9. Pilshchikova VV, Veselova DV, Vasiliev YuA. The role of medical his-
tory in forming the culture of medical students’ personality. Int J Appl 
Fundam Res. 2017;4:211–2. Russian.

10. Tereshkina OV. The role of the History of Medicine in the solu-
tion of methodological problems pedagogy in medical institute. 
J New Med Technol. 2015; 22(1):116–21. Russian. https://doi.
org/10.12737/9091 

11. Lebedev VYu, Fedorov AV. Philosophy and history of science: the 
role of the history of medicine in contemporary university, social 
development and institutionalization of medicine. Herald Tver State 
Univ. Series: Philos. 2014;2:30–42. Russian.

12. Marchukova SM. History of Medicine in Nowadays’ Education. Stud 
Hist  Biol. 2011;3(1):76–89. Russian.

13. Sorokina TS. The teaching national medical history in the context of 
the world history. Bull Peoples’ Friendship Univ Russ. Series: Med. 
2000;2:104–5. Russian.

14. Maier K, Karenberg A. Dental care in modern art (1914–2014). BDJ. 
2017;223:889–94. https://doi.org/10.1038/sj.bdj.2017.998

15. Shok NP, Sergeeva MS. The history of medicine as an academ-
ic discipline: traditions in clinical medical education and modern 
teaching methods. Hist Med. 2016;3(1):46–65. Russian. https://doi.
org/10.17720/2409-5583.t3.1.2016.05p



SIMULTANEOUS EVALUATION 
OF COMMUNICATION SKILLS BY 
STANDARDIZED PATIENTS AND 
MEDICAL EVALUATORS
Miguel A. Fernández-Villacañas1, Matilde Moreno-Cascales1, Sergio Alemán-Belando1,2, Manuel Matías-Sánchez1,3, 
Diego Flores-Funes1,2, Carmen Botella1,3, Joaquín García-Estañ1

1Centro de Estudios en Educación Médica, Facultad de Medicina, Universidad de Murcia
2Hospital Morales Meseguer
3Hospital Virgen de la Arrixaca, Murcia (Spain)

Abstract
Introduction: The present study analyzes the evaluation of communication skills by standardized patients (SPs) and 
medical evaluators (Es) in an OSCE setting. 
Methods: The OSCE involved 189 sixth-year medical students, as well as 34 SPs and 63 Es. Communications skills 
were evaluated in 8 stations, simultaneously by SPs and Es. The SPs were actors who had been trained in the clinical 
case and who acted in accordance with a standardized script in a simulated clinical situation. The evaluators, also 
standardized, were Resident Doctors or staff Doctors from the Hospital Services involved.
Results: The global scores awarded to students for communication skills were very similar in both groups, although 
the score awarded by Es was signifi cantly higher, and a direct relationship was also observed between the mean 
scores awarded by both groups. Evaluators awarded signifi cantly higher scores than SPs in 7 out of the 10 items on 
the checklist. Female medical students also scored signifi cantly higher than their male counterparts in many items, 
including external appearance, listening, cordiality, optimism, interest, expression and empathy. 
Discussion: Our data indicate that SPs and Es evaluated communication skills in a similar manner in an OSCE 
setting, a fi nding which suggests that health-related professionals can be used as an alternative to SPs, thus helping 
to lower economic costs. Our study also confi rms a gender difference (in favor of women) in the evaluation of 
communications skills by both groups.
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Introduction

Objective Structured Clinical Examination (OSCE) is a form 
of performance-based testing used to measure clinical 
competence, mostly among health science students [1-
4]. Communication skills are one of the most important 
competences evaluated in an OSCE, since they are essential 
for the proper preparation of the clinical history and physical 
examination, as well as helping to ensure humane treatment 
and the best quality care (5). In addition to patient care, 
however, communication skills are also essential for teamwork 
and relationships with other colleagues and professionals, all 
of which should result in improved healthcare [6, 7].
This type of evaluation has traditionally been carried out by 
non-health professionals, generally people recruited as actors 
who represent a clinical case or scenario mimicking a real 
patient [8, 9]. It seems logical, therefore, that they be the 
ones required to evaluate the behavior of the person treating 
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them. The correct way to perform this task is through patient 
standardization, a process in which all simulated patients 
are trained to faithfully represent their clinical case, as well 
as to evaluate clinical communication competence in a fair 
and objective manner [10]. People thus trained are known as 
standardized patients (SPs). In this case, SPs are trained to 
evaluate students’ skills based on a checklist of items for each 
station. They play through the interaction with the student, and 
then score them on the basis of their observations [11-13].
The advantages and disadvantages of SPs have been 
reviewed elsewhere, but there is general agreement regarding 
the fact that they reduce inter-rater variability in scoring 
students’ performance [14]. However, one major issue is that 
using people outside the institution is expensive and greatly 
increases the overall cost of the OSCE. Our aim with this study 
was therefore to determine whether or not any differences 

© 2019 Joaquín García-Estañ. This is an open access article distributed under the 
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Finally, on the day of the OSCE, communication skills were 
evaluated simultaneously by both the SPs and the Es, once 
the students had left the station, with all participants having 2 
minutes to complete the checklist (Table 1). Both SPs and Es 
were instructed to score independently. The checklist used was a 
Likert-type rubric comprising 10 items, and is the one employed 
by all Schools of Medicine in Spain, as proposed by the CNDFME 
in 2012 [17]. It was developed on the basis of the previous 
version used and validated in our country [18]. Each item was 
scored on a 5-point scale with levels ranging from “very poor”, 
“poor”, “average”, “good” and “excellent”. The encounters were 
neither audiotaped nor videotaped. SPs (but not Es) received a 
€50 honorarium per run. A total of 34 SPs and 63 Es were used.

Statistics

Since the Kolmogorov-Smirnov test revealed a normal 
distribution of the sample data, a t-Student test was performed 
to compare the means (both total and separate) in each 
of the 10 items evaluated. The unpaired t test was used to 
evaluate gender differences. A difference between groups 
was considered signifi cant at a level of P<0.05.

Results

The test involved 189 sixth-year undergraduate medical students, 
with a mean age of 23 years and a range of between 22 and 28. 
The majority were women (109, 57.7%; 80 men, 42.3%).
Figure 1 shows a representation of the global scores obtained 
by the students in each of the analyzed competences. The 
mean overall score obtained by students (with the SP evaluation 
value) was 73.23 points + 4.62 (women: 73.73 + 4.80 and men: 
72.53 + 4.20), out of a possible maximum of 100. In the case 
of communication skills, which obtained the highest value of 
all in both SP and E evaluations, the global scores were very 
similar in both groups, although the E evaluation score was 
signifi cantly higher (Table 2). These differences between SP 
and E evaluation scores were also observed for both men and 
women in the items Respect and Contact. However, women 
were evaluated signifi cantly higher for the items Optimism, 
Interest and Empathy, whereas men scored higher for Listening 
and Contact (Table 2). A direct relationship was also observed 
between the scores awarded by SPs and Es (Figure 2). The 
correlation coeffi cient was 0.81.
As regards gender, women consistently scored higher than 
men, with the difference being signifi cant in 11 (out of 20) of 
these comparisons, including external appearance, listening, 
cordiality, optimism, interest, expression and empathy.

could be observed between the evaluation of communication 
skills by a standardized patient (SP) or by a medical evaluator 
(E). The literature in this area of medical education is limited and 
confl icting. Some studies have suggested that SP examiners 
are at least as reliable and “accurate” as physician examiners 
in evaluating student performance, while others have found SP 
raters to be inferior [14-16]. Our second aim was to assess the 
possible existence of gender differences in the communication 
skills evaluation process, an issue which has already been 
explored in some depth [14, 15].

Methods

The OSCE test was conducted at the University of Murcia School 
of Medicine in June 2016, with 189 sixth-year undergraduate 
medical students. It consisted of a circuit of 20 stations with a 
time of 8 minutes per station and 2 minutes rest time between 
stations. The test was completed in 3 simultaneous runs, each 
comprising 20 students, with a total of 5 turns. Following the 
recommendations of the Spanish National Association of Deans 
of Medicine (CNDFME) [17], the clinical competence areas 
evaluated during the test were: 1) anamnesis (history taking), 
2) physical examination, 3) technical skills and procedures, 
4) communication skills, 5) clinical judgment, diagnostic and 
therapeutic management, 6) prevention and promotion of 
health, 7) interprofessional relations and 8) ethical-legal aspects 
and professionalism. The stations consisted of standardized 
patients, mannequin/procedures, a structured oral examination 
(with or without mannequin) and clinical reports. The present 
study was conducted exclusively at the 8 stations in which 
competence # 4 (communication skills) was evaluated, namely 
Cardiology, Hematology, Internal Medicine, Legal Medicine, 
Neurology, Oncology, Otorhinolaryngology and Family 
Medicine. These stations used standardized patients (SPs), i.e. 
non-medical actors who had been trained in the clinical case 
and who acted in accordance with a standardized script in a 
simulated clinical situation. Actors were recruited from the local 
actors’ association. An evaluator (E) was also present at each of 
the 8 stations to assess the corresponding medical components. 
These Es were Resident (in specialization training) Doctors or 
staff Doctors from the Hospital Services involved. Both SPs 
and Es were previously standardized in sessions specially 
designed for this purpose. First, they attended several [2, 3] 
1-2 hour sessions in order to learn about the clinical case and 
standardize their role or evaluation, respectively. These sessions 
were led by the professor responsible for the case design. Next, 
another session was run by the OSCE coordinators to perform 
the standardization. During this session, a total of 14 simulated 
students, all of them fi rst-year residents, were used as OSCE 
students. 
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Discussion

The primary aim of the present study was to analyze the 
results of the communication skills evaluation performed by 
SPs and Es during an OSCE of medical students. Despite 
some interesting differences which will be discussed below, 
the results reveal a very good general correlation between the 
evaluations conducted by the two groups (SP and E), thus 
suggesting that they could be carried out indistinctly. Although 
there is a signifi cant overall difference between them, this may 
be due to the large sample size (almost 190 medical students). 
Thus, differences between 41.9 and 42.5 points (Table 2) have 
very little educational meaning. Similar data have also been 
reported by other studies [15, 19-23], although most of these 
analyzed the role of SPs as evaluators of clinical matters.
Although it has been suggested that lay examiners tend to be 
more lenient than physicians [20, 23, 24], in our data, most Es 
awarded higher scores than SPs in all communication skills 
items but one (external appearance). This fi nding is partially 
consistent with that reported previously in another study [25]. It 
is possible that some of the Es may have known the students 
previously, having been their teachers in class or their tutors in 
the hospital. Thus, a tendency towards awarding higher scores to 
future colleagues cannot be ruled out. Also, the situation of SPs, 
who act as patients, may be more demanding, thus prompting 
them to evaluate more harshly and demand better treatment, 
as indeed any real patient would do. These differences may 
also be dependent on the skills being rated, since it has been 
shown that while SPs perform better for communication skills 
[16], the judgments involved in assessing physical exam skills, 
history taking or clinical management may be more diffi cult for 
them to make, even with training. Such considerations should 
be taken into account, along with availability and cost trade-
offs, when deciding which types of raters are effective for which 
kinds of stations/skills.
Signifi cantly different responses were observed in some of the 
individual items on the checklist in accordance with student 
gender. Thus, women were evaluated signifi cantly better for 
the items Optimism, Interest and Empathy, whereas men were 
evaluated better for Listening and Contact. A similar result 
was obtained by Graf et al. [25] who reported a signifi cant 
gender difference in favor of female students in the empathy 
dimension, along with more positive statements.
In conclusion, SPs and Es evaluated communication skills 
similarly in an OSCE setting, suggesting that health-related 
professionals can be used as an alternative to SPs, thus helping to 
lower economic costs. Our study also found a gender difference, 
in favor of women, in the evaluation of communications skills by 
both groups, thus suggesting that women demonstrate superior 
skills to men, which confi rms recent studies [25].

Conclusion

Communication skills were very similarly evaluated by 
standardized patients and medical evaluators, although the 
score awarded by Es was signifi cantly higher, and a direct 
relationship was also observed between the mean scores 
awarded by both groups. Female medical students scored 
signifi cantly higher than their male counterparts in many 
communication skills items, including external appearance, 
listening, cordiality, optimism, interest, expression 
and empathy. Our fi nding suggests that health-related 
professionals can be used as an alternative to standardized 
patients, thus helping to lower economic costs of an OSCE. 
Our study also confi rms a gender bias (in favor of women) in 
the evaluation of communications skills.
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FIGURE LEGENDS

Figure 1. Global results of the OSCE, organized by competences.
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Figure 2. Dispersion diagram refl ecting the relationship between the communications skills’ evaluations of standardized patients and 
evaluators.



43

Medical University

Table captions

Table 1. Communication checklist

External appearance: Careful appearance, good hygiene, correct body posture

Listening: Listens properly, does not interrupt, is attentive, watches while talking

Cordiality: Make pleasant fi rst contact, smiles

Respect: At no time criticizes or makes pejorative judgments

Tranquility: Stays calm, emotionally controlled

Optimism: Sees the positive aspects of situations, tries to encourage the patient

Contact: Any physical contact during physical examination or greeting is careful and kind

Interest: Is interested in opinions, beliefs, values, concerns and emotions

Expression: Expresses themselves clearly at all times

Empathy: When faced with intense patient emotions (pain, anxiety, joy), participates and sympathizes or tries to understand them in order to help the patient 
cope with them
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Table 2. Absolute values awarded in the assessment of communication by standardized patients (SP) 
and evaluators (E). *, p<0.05 between SP and E; +, p<0.05 between Women and Men

GLOBAL (%) WOMEN (%) MEN (%)

Total score
SP 41.9 ± 2.31 42.29 ± 2.12+ 41.36 ± 2.47

E 42.47 ± 2.45 * 42.85 ± 2.35 *+ 41.94 ± 2.51*

External appearance
SP 4.66 ± 0.21 4.69 ± 0.15 + 4.61 ± 0.26

E 4.64 ± 0.27 4.69 ± 0.23 + 4.57 ± 0.31

Listening
SP 4.33 ± 0.30 4.39 ± 0.26 + 4.25 ±0.34 

E 4.39 ± 0.25 * 4.42 ± 0.25 4.35 ± 0.25*

Cordiality
SP 4.39 ± 0.31 4.43 ±0.30 + 4.33 ±0.31 

E 4.40 ± 0.32 4.43 ±0.31 4.36 ±0.33 

Respect
SP 4.48 ± 0.24 4.51 ±0.25 4.45 ±0.22 

E 4.64 ± 0.23 *  4.64 ± 0.22 * 4.61 ±0.24* 

Tranquility
SP 4.13 ± 0.38 4.17 ±0.38 4.07 ±0.38 

E 4.18 ± 0.34 * 4.20 ± 0.34 4.13 ±0.35 

Optimism
SP 3.90 ± 0.38 3.94 ± 0.36 3.85 ± 0.39

E 3.96 ± 0.36 *  4.01± 0.33 *+ 3.88 ±0.39 

Contact
SP 4.08 ± 0.40 4.12 ± 0.41 4.03 ± 0.38

E 4.17 ± 0.40 * 4.21 ± 0.39 * 4.12 ± 0.42*

Interest
SP 3.83 ± 0.35 3.88 ± 0.33 + 3.76 ± 0.35 

E 3.90 ± 0.35 * 3.95 ± 0.34 *+ 3.83 ± 0.34 

Expression
SP 4.20 ± 0.31 4.24 ± 0.30 + 4.15 ± 0.31

E 4.22 ± 0.35 4.24 ± 0.35 4.18 ± 0.33

Empathy
SP 3.89 ± 0.35 3.90 ± 0.33 3.85 ±  0.37

E 3.97 ± 0.36* 4.03 ± 0.36*+ 3.88 ±  0.34
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Abstract
Issues of education quality have acquired special relevance since the beginning of the 20th century. Implementation 
of the idea of quality in the educational organisation is promoted by use of the international ISO standards regulating 
quality of the management system. Certifi cation of a quality management system in an organisation ensures its 
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presented in the article.
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Introduction

Objective Structured Clinical Examination (OSCE) is a form 
of performance-based testing used to measure clinical 
competence, mostly among health science students [1-
4]. Communication skills are one of the most important 
competences evaluated in an OSCE, since they are essential 
for the proper preparation of the clinical history and physical 
examination, as well as helping to ensure humane treatment 
and the best quality care (5). In addition to patient care, 
however, communication skills are also essential for teamwork 
and relationships with other colleagues and professionals, all 
of which should result in improved healthcare [6, 7].
This type of evaluation has traditionally been carried out 
by non-health professionals, generally people recruited as 
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actors who represent a clinical case or scenario mimicking 
a real patient [8, 9]. It seems logical, therefore, that they be 
the ones required to evaluate the behavior of the person 
treating them. The correct way to perform this task is through 
patient standardization, a process in which all simulated 
patients are trained to faithfully represent their clinical case, 
as well as to evaluate clinical communication competence 
in a fair and objective manner [10]. People thus trained are 
known as standardized patients (SPs). In this case, SPs 
are trained to evaluate students’ skills based on a checklist 
of items for each station. They play through the interaction 
with the student, and then score them on the basis of their 
observations [11-13].
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permanent involvement of a group of teachers and employees 
in solution of strategic questions facilitated effective work. 
The idea of cooperation could be clearly traced from the very 
beginning of work of the Academy. “The higher the cooperation 
level is, the better it is used by the society and organisations 
having natural and material resources, intellectual and spiritual 
potential of the human person at their disposal” [8].
The staff of the educational institution began to solve most 
important problems of training in the huge region. Currently, it 
is the Irkutsk State Medical Academy – a medical educational 
institution of professional development and professional 
retraining of healthcare experts in the Siberian Federal District, 
the Republics of Buryatia and Sakha (Yakutia), the coordination 
centre of postgraduate education of the Siberian Federal 
District, a scientifi c research centre for most important fi elds in 
clinical medicine and pharmaceutics.
The Irkutsk State Medical Academy of Postgraduate Education 
comprises 37 departments of the faculties of General Medicine 
and Surgery. Over 7000 doctors, pharmacists and paramedics 
study at the Academy annually. It is impossible to construct 
an effective organisation based on copying known decisions, 
procedures and rules inherited from the glorious but already 
gone past, especially in a dynamically changing environment, 
in conditions of an indeterminable future. 
Therefore, the evidence-based decision making principle 
brought the head of the Academy to development of a QMS. This 
process started in 2009, and in 2010, the Academy underwent 
certifi cation of its QMS successfully. From this point, the 
academy work has been carried out according to the principles 
of the process approach and continuous improvements.
The purpose of QMS introduction is to create conditions 
for application of the system approach to the organisation 
management process. Interrelations and interaction have been 
established between processes; these are documented in the 
“Book of processes” and the “Quality manual” [9, 10].
The major process of the QMS is “Professional training and 
retraining in healthcare”. This process consists of the following 
basic service lifecycle processes: EP-1 “Analysis of consumer 
requirements”, EP-2. “Design and development of educational 
programmes”, EP-3 “Students enrolment”, EP-4 “Educational 
activity”, EP-5 “Scientifi c activity”, EP-6 “Analysis of consumers’ 
satisfaction”.
The main process EP-4 “Educational activities” consists of 
the following sub-processes: EP-4.1 “Advanced training and 
professional retraining”, EP-4.2 “Training of clinical interns”, 
EP-4.3 “Moral and extracurricular work with students”, EP-4.4 
“Assistance to employment of graduate students”.
The main process EP-5 “Scientifi c activity” consists of the 
following sub-processes: EP-5.1 “Training of top-qualifi cation 
personnel”, EP-5.2 “Research and development”. The main 
processes are accompanied by management and supporting 
processes.

The advantages and disadvantages of SPs have been 
reviewed elsewhere, but there is general agreement regarding 
the fact that they reduce inter-rater variability in scoring 
students’ performance [14]. However, one major issue is that 
using people outside the institution is expensive and greatly 
increases the overall cost of the OSCE. Our aim with this study 
was therefore to determine whether or not any differences could 
be observed between the evaluation of communication skills 
by a standardized patient (SP) or by a medical evaluator (E). 
The literature in this area of medical education is limited and 
confl icting. Some studies have suggested that SP examiners 
are at least as reliable and “accurate” as physician examiners 
in evaluating student performance, while others have found SP 
raters to be inferior [14-16]. Our second aim was to assess the 
possible existence of gender differences in the communication 
skills evaluation process, an issue which has already been 
explored in some depth [14, 15].

Methods

Development and deployment of a QMS in an educational 
organisation inevitably leads to development of the organisation 
if it is fully based on the principles of quality management [5]. 
These principles were formulated by Edwards Deming and 
refl ected in the International ISO Standards 9001. In particular, 
the following principles of quality management are formulated in 
the latest version of the ISO 9001:2015 International Standard 
“A quality management system – Requirements”:
• customer focus; 
• leadership; 
• involvement of people; 
• process approach; 
• continuous improvement; 
• evidence-based decision making; 
• relationship management
• system approach to management [6, 7].
The Irkutsk State Medical Academy for Post-Graduate 
Education (ISMAPE) has always acted in compliance with 
the majority of these principles. In the second half of the 20th 
century, intensifi cation of industrial forces in Siberia and the Far 
East defi ned the need for further development of healthcare 
in these regions. Moreover, the progress of medical science 
required widespread introduction of scientifi c developments 
into medical practice by the end of the 1970th. All this was 
closely associated with the problem of training, retraining and 
professional development of doctors. The approach oriented 
toward customers, who were doctors, medical institutions, 
the society and the state, became a basis for work of the 
management and teachers of the Academy. The leadership of 
the Academy senior staff, their wise management alongside with 
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Among the management processes there are MP.1 “Strategic 
planning”, MP-2 “Documentation management”, MP-3 “Records 
management”, MP-4 “Internal audits”, MP-5 “Nonconformity 
management”, MP-6 “Corrective and preventive actions”, MP-7 
“Monitoring and measurement of processes and educational 
services”, MP-8 “Quality management system analysis by 
senior management”.
The support processes are SP-1 “Personnel management”, 
SP-2 “Work environment management and information 
support”, SP-3 “Financial and economic support”, SP-4 “Library 
services”, SP-5 “Methodical support of the educational process 
and training for teachers”, SP-6 “Publishing activities”.
Documentation of the Academy (regulations, instructions, 
document forms, lists, etc.) is maintained in compliance with the 
aforementioned processes and systematised in a two-volume 
local acts collection of the Academy.
The QMS of the Academy is in an actual condition which is 
confi rmed by internal and external audits (2011, 2012, 2014, 
2015) as well as by a successful recertifi cation procedure in 
2013.

Results

During the development of a certifi ed QMS, the following 
positive tendencies were noted: 
• the Academy successfully underwent procedures of 

internship and postgraduate education accreditation;
• managers and employees claim that there was a visible 

streamlining in activities of the organisation. The “List of 
local acts, instructions and document forms of the Irkutsk 
SMAPE” directed at integration of electronic and paper 
documentation (in connection with development of the 
electronic document fl ow and the website of the Academy);

• the Academy development programme until 2020 and 
structural division quality plans decomposing purposes 
and development program tasks at lower management 
levels are being implemented including the “Indicators 
of educational activities of the department in 2014-2020” 
tables.

• by the results of internal audits, we can observe 
improvement of the following processes and activity types: 
“Documentation management”, “Communication with 
customers”, “Goals in the area of quality”, “Monitoring and 
measurement”, “Design and development of educational 
programmes”, “Educational activity”;

• initial (desires and expectations) and fi nal (satisfaction) 
electronic questioning of the listeners is conducted.

Work of the Academy in the Russian Science Citation Index 
(RSCI) with the LLC “SCIENTIFIC ELECTRONIC LIBRARY 
E-library” is continued. As a result, the number of presented 

works increased from 2000 in 2013 to 5836 in 2015 and the 
h-index increased from 10 to 28. The Academy lies in the 
216th place among 883 High schools in Russia in terms 
of the total amount of works and also takes the second 
place among additional medical professional education 
organisations.
Analysis of fi nal questioning showed high satisfaction by 
training quality in the ISMAPE and training conditions as well as 
educational and methodical materials. The widest coverage in 
questioning is noted at professional retraining cycles. According 
to the results of the cycles:
• 93.1 % of the listeners were satisfi ed with lectures;
• 91.8 % were satisfi ed with quality of a practical training;
• 88.9 % were satisfi ed with training conditions; 
• 97.0 % marked positively quality and usefulness of the 

offered learning aids. 

Discussion

The QMS of the Irkutsk State Medical Academy of the Ministry 
of Health of the Russian Federation is a means for achievement 
of goals and maintaining of the policy in the fi eld of quality; it 
gives confi dence to the organisation and its customers in the 
institution’s capability:
• to carry out modernisation of educational activities 

provided by the Academy for ensuring continuous process 
of training, retraining and advanced training of personnel 
for the healthcare system through extension of the list of 
educational programmes and increase in the amount of 
educational services;

• to increase research activity effi ciency of the Academy 
by integration of medical science, practical healthcare 
and additional professional education, improvement of 
training quality for national specialists and introduction of a 
scientometric assessment system;

• to introduce innovative transformations in all main activities 
of the Academy through application of information, 
simulation, remote, organisational and other modern 
technologies;

• to provide for medical development and preventive 
activities stability in the Academy via expansion of the 
range and amount of high-quality medical services;

• to create conditions for the health worker’s image promotion 
on the basis of spiritual, moral, cultural and educational 
and sporting activities at the Academy, expansion of 
partnership and long-term cooperation;

• to increase economic stability through establishment 
of an effective marketing policy, increase in the amount 
of revenue-producing activities and formation of new 
education markets;
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• to expand the Academy’s international activity by 
participation in foreign projects, training and scientifi c 
actions, to promote academic mobility of its employees 
and students, to increase the international prestige of the 
Academy.

Therefore, development, implementation, certifi cation and 
maintenance of a QMS in an organisation, to our mind, ensure 
its sustainable development to promote the organisation  
lifecycle processes quality and, subsequently, the quality of 
educational services.
Further development of the educational organisation 
suggests an active use in activity of all structures the 
management quality principles. The special emphasis 

should be put on the principle of management relationships. 
Moreover, these processes will be maintained in case if the 
Academy status changes and it is converted into the branch 
of the Russian State Medical Academy for Post-Graduate 
Education.
Currently, the Academy accomplishes its goals and objectives 
as a branch of the Russian Medical Academy of Continuous 
Professional Education.
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Abstract
Background: Tobacco smoking is an addictive behavior with heavy risks accompanying its prolonged practice. 
Unfortunately, more and more people are indulging in tobacco smoking habits despite the public health education 
programs going on worldwide about the dangers associated with tobacco smoking behavior. This study aims to 
survey active shisha smokers in Birnin Kebbi Local Government Area (LGA), Kebbi State, Nigeria, on the awareness 
of the harmful effects associated with shisha smoking. 
Methods: This study was a survey of 45 active shisha smokers in Birnin Kebbi LGA. Snowballing technique was 
adopted in participants’ recruitment. Study instrument was a questionnaire. Data collected was analyzed using SPSS 
version 20 software. 
Results: Majority (32/45) of the participants were males, 16 had secondary school education, and 19 were within age 
range of 15 to 24 years. The majority (25/45) of them began to smoke shisha at the age of 18 years or more; also, 
20 participants smoked shisha in all the 30 days prior to their participation in this study. Less than half of the study 
participants knew that: shisha is a stimulant (6/45), shisha smoke contains carbon monoxide (10/45), and the liquid in 
shisha could be replaced with alcohol (15/45). However, more than half of the participants knew that shisha contains 
nicotine (23/45) and tobacco (25/45). Only 16, 13, 11, 9, 5, 10, and 13 participants knew that shisha smoking could lead 
to cancer, cardiovascular diseases, increase in the risk of infections, reduced baby weight in pregnancy, gum and 
mouth disease, eye disease and blindness, and harm to non-smokers, respectively. 
Conclusion: Many of the active shisha smokers surveyed in this study began smoking shisha at a young age. Also, 
a signifi cant proportion of them were unaware of the health hazards associated with shisha use; hence the need to 
educate them and even the Nigerian public on the dangers associated with shisha use.
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Introduction

Tobacco smoking is an addictive behavior with heavy risks 
accompanying its prolonged practice [1-3]. Some of these 
risks include mental illnesses, cancers, diabetes mellitus and 
hypertension [1-3]. Unfortunately, more and more people are 
indulging in tobacco smoking habits despite the public health 
education programs going on worldwide about the dangers 
associated with tobacco smoking behavior [4, 5]. 
There are so many kinds of psychoactive substances that are 
being smoked among people; however the top two substances 
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that are smoked are tobacco and marijuana [6, 7]. Tobacco, 
which is the most predominant of all smoked psychoactive 
substances, is smoked in various ways, in the form of 
cigarette, pipe, cigar, bidis, kreteks or shisha (waterpipe) [8]. 
Of the forms of tobacco smoking practices, cigarette smoking 
is considered to be the most popular of all [9]. Furthermore, a 
signifi cant proportion of cigarette smokers, after knowing full 
well that cigarette contains harmful tobacco, found it highly 
diffi cult to quit the behavior due to its addictive effect [10, 11]. 
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The participants were approached on a one-on-one 
basis. They were well-informed about the aims and 
objectives of the study. They were also informed that their 
participation was completely voluntary, harmless, and 
strictly confi dential. All participants gave verbal informed 
consent prior to participation. All questionnaires were self-
administered. After their participation, the surveyed shisha 
smokers were given health education about the health 
problems associated with shisha use; hence making them 
knowledgeable about the health risks associated with 
shisha use.
A total of 45 out of the 50 active shisha smokers that 
were contacted agreed to participate in the study. All 
questionnaires were self-administered. After data cleaning, 
no questionnaire was found unfi t for analysis as all 
questionnaires were properly fi lled. The collected data were 
coded, computed and analyzed using the SPSS Version 20 
Software. The frequencies of the qualitative variables were 
determined. Results of data analysis were presented using 
tables.

Results

Out of the 50 active shisha smokers that were contacted, only 
45 gave consent to participate in this study, giving a response 
rate of 90%.
Majority (32/45) of the study participants were males, 28 
were Hausas, 33 were Muslims, 16 had secondary school 
education, 24 had monogamous family background, 18 were 
living in a room-and-parlor apartment, and 19 were within age 
range of 15 to 24 years (Table 1).
The majority (25/45) of the participants began to smoke 
shisha at the age of 18 years or more. Also, 20 of them 
smoked shisha in all the 30 days prior to their participation in 
this study (Table 2).
Less than half of the study participants knew that: shisha 
is a stimulant (6/45), shisha smoke contains carbon 
monoxide (10/45), and the liquid in shisha could be 
replaced with alcohol (15/45). However, more than half 
of them knew that shisha contains nicotine (23/45) and 
tobacco (25/45) (Table 3). 
Only 16, 13, 11, 9, 5, 10, and 13 participants knew that 
shisha smoking could lead to cancer, cardiovascular 
diseases, increase in the risk of infections, reduced baby 
weight in pregnancy, gum and mouth disease, eye disease 
and blindness, and harm to non-smokers, respectively 
(Table 3). 
Lastly, only 2 participants knew that there was medical 
evidence that had shown that shisha has harmful effect on 
health (Table 3).

In Nigeria, shisha smoking is gaining more and more popularity 
on daily basis [12]. In fact, based on some information we 
gathered on shisha (from one-on-one enquiries), many people 
in our environment usually say, erroneously, that shisha does 
not contain tobacco in any form; however they do say that 
shisha contains fl avor only. Hence, it could be assumed 
that the Nigerian public is massively unaware of the harms 
associated with shisha smoking. To crown it all, only very little 
data are available on issues related to shisha smoking among 
Nigerians; hence making shisha use an issue of public health 
concern. 
This study aims to survey a pilot sample of active shisha 
smokers in Birnin Kebbi Local Government Area (LGA), 
Kebbi State, Nigeria, on their awareness of the harmful 
effects associated with shisha smoking. This study is of high 
signifi cance as it reveals vital information on this minimally 
researched area (i.e. shisha smoking), which is of public 
health concern.

Methods

This study was a survey of 45 young active shisha smokers in 
Birnin-Kebbi LGA, Kebbi State, Nigeria, which was conducted 
under compliance with the Helsinki Declaration on health 
research involving human subjects.
Birnin Kebbi is the capital of Kebbi State, North-western 
Nigeria. Based on the 2006 population statistics, Birnin Kebbi 
has a total population of about 268,620 people of which about 
50.3% of them are people aged 15 to 64 years [13]. The 
majority of the inhabitants of the town were Muslims and of 
the Hausa-Fulani tribe [14].
The study instrument was a paper questionnaire developed 
from literatures on tobacco smoking practices [12, 15, 16, 
17-22]. The questionnaire had four sections – consent form, 
demographic section, section exploring shisha smoking 
history, and a section assessing knowledge of harms 
associated with shisha smoking.
Being a pilot survey which is the fi rst of its kind in Nigeria 
(to the best of the authors’ knowledge) coupled with the 
relative newness of shisha smoking practice in Nigeria, a 
convenient sample size of 45 active shisha smokers was 
used as the minimum sample size for the study. Also, due 
to diffi culty in locating active shisha smokers independently, 
authors adopted the use of snowballing technique – a form 
of non-probability sampling technique in which existing study 
participants recruit future participants from the pool of their 
acquaintances. 
The eligibility criteria for participant selection were: self-
identifi cation as an active shisha smoker, with evidence; 
literacy; and willingness to participate in the study.
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Discussion

Over the years, shisha smoking has become an issue of global 
health concern [17]. In fact, the prevalence of shisha smoking 
is on the rising side [17]. Interestingly, peer infl uence, parental 
infl uence, socio-cultural acceptance of shisha smoking 
behavior are factors implicated in the migration of more and 
more people, who were previously non-smokers of shisha, to 
the pool of shisha smokers [15]. 
Shisha smoke is rich in fl avored tobacco, polycyclic aromatic 
hydrocarbons, volatile aldehydes (such as formaldehyde, 
acetaldehyde, acrolein, propionaldehyde, and methacrolein), 
carbon monoxide, nitric oxide, nicotine, furans, and 
nanoparticles [16-21]. Polycyclic aromatic hydrocarbons 
are potent carcinogens which a signifi cant exposure to 
them could induce malignancies in the body [20]. Also, the 
volatile hydrocarbons in shisha smoke have been strongly 
associated with lung cancers, respiratory tract irritation, 
chronic obstructive pulmonary disorder, coronary artery 
disease, arrhythmia, and more [21]. The carbon monoxide 
in shisha smoke can also cause carbon monoxide poisoning 
among its users. Also, through the sharing of the mouthpiece 
of shisha, infections such as hepatitis B, tuberculosis can be 
transmitted [18]. 
Unfortunately, many shisha smokers wrongly perceived shisha 
smoke to have little to no risk compared to cigarette smoking; 
hence, making so many shisha smokers to have a wrong 
feeling of being spared from the health problems associated 
with cigarette use [8, 15, 22, 23]. 
However, only few published studies on shisha had ever 
been conducted among Nigerian population groups and out 
of these few, only scanty information were provided on the 
knowledge of health risks associated with shisha smoking 
among shisha smokers [12, 24]; this shows the imperative 
need to explore the knowledge of the general public on 
the health hazards associated with this kind of smoking 
behavior.
In this study, we only surveyed a pilot sample of active 
shisha smokers domiciled in Birnin Kebbi LGA, Kebbi State, 
Nigeria, on their knowledge of the health risks associated 
with shisha smoking. From our study data, we observed 
that a signifi cant proportion of our participants lacked 
adequate knowledge of the health risks associated with 
shisha smoking (Table 3). This fi nding is somewhat similar 
to that reported among some shisha smokers in Kampala 
(Uganda), Buraidah (Saudi Arabia), Shah Alam (Malaysia) 
[25-27]. 
The knowledge gaps on shisha constituents, as recorded 
among the participants in this present study, reveal a public 
health emergency (Table 3). A very signifi cant proportion of 

them demonstrated poor knowledge of the toxic constituents 
of shisha as many of them did not know that shisha smokes 
contain nicotine and carbon monoxide. This fi nding is similar 
to that reported among shisha smokers in Malaysia and 
Indonesia [28, 29].
Also, as high as 18 (out of a total of 45) participants started 
smoking shisha at age below 18 years; this reveal that they 
stand at a very high risk of developing tobacco-induced 
diseases if they continue to indulge in shisha smoking. 
Furthermore, our fi nding on age of smoking debut is similar 
with that reported among shisha smokers in Gujarat (India) 
and Karachi (Pakistan) [30, 31]. 
However, this study has its limitations. First, the sample 
size used for this study was small; however we used 
such small sample size because of the difficulty in 
recruiting current shisha smokers due to problems with 
accessibility and limited funding for the study. Second, 
this study adopted the use of snowballing technique (a 
non-probability sampling technique) in the recruitment of 
its participants; hence not all potential participants were 
given equal chance of being selected to partake in the 
study. Third, this study only surveyed current shisha 
smokers located in Birnin Kebbi LGA, Kebbi State; shisha 
smokers in other LGAs were not surveyed in this study. 
This makes it difficult to make generalizations about 
shisha smokers in Kebbi State, coupled with the sampling 
technique adopted for the study.
In conclusion, this study had shown that shisha smoking 
habits commonly begin at a juvenile age. Also, this study 
reveals that a signifi cant proportion of shisha smokers in 
Birnin Kebbi are unaware of the health hazards associated 
with shisha use. This study also shows the need to educate 
the Nigerian public on the dangers associated with shisha 
smoking habits.
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Table captions

Table 1. Socio-demographic attributes of the participants

Attributes Frequency %

Gender n (45)

Male 32 71.1

Female 13 28.9

Level of Education n (43)

Secondary School 16 37.2

Above Secondary School 27 62.8

Age (category) n (45)

15 - 24 years old (Youth) 19 42.2

25 - 40 years old 26 57.8

Religion n (45)

Islam 33 73.3

Non-Islam (Christianity + Others) 12 26.7

Tribe (Hausa and Non-Hausa) n (45)

Hausa 28 62.2

Non-Hausa 17 37.8

Family Background n (42)

Monogamous 24 57.1

Polygamous 10 23.8

Polyandry 5 11.9

Single Parent 3 7.1

Where do you live? n (42)

One room apartment 14 32.6

Room-and-parlor apartment 18 41.90

Flat with at least two rooms 10 23.30

Others 1 2.30

n – Number of participants that responded to the variable
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Table 2. Age of shisha smoking debut and recent history of shisha smoking 

Age when you fi rst smoked shisha n (43)

10 years or below 1 2.30

11 - 15 years 4 9.30

16 - 17 years 13 30.20

18 years or more 25 58.10

During the past one month, how many days did you smoke shisha? n (45)

0 days 5 11.1

1 or 2 days 2 4.4

3 to 5 days 8 17.8

6 to 9 days 5 11.1

10 to 19 days 5 11.1

All 30 days 20 44.4

n – Number of participants that responded to the variable
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Table 3. Knowledge of participants on the harm associated with shisha use

Variables Frequency %

Shisha is not a stimulant n (42)

No 6 14.3

yes / I don't know 36 85.7

Shisha contains nicotine n (45)

no / I don't know 22 48.9

Yes 23 51.1

Shisha contains tobacco n (45)

no / I don't know 20 44.4

Yes 25 55.6

Smoke from shisha does not contain carbon monoxide n (44)

No 10 22.7

yes / I don't know 34 77.3

Liquid in shisha can be replaced with alcohol n (43)

no / I don't know 28 65.1

Yes 15 34.9

Shisha use has been linked with cardiovascular diseases n (44)

no / I don't know 31 70.5

Yes 13 29.5

Shisha use has not been linked cancer n (44)

No 16 36.4

yes / I don't know 28 63.6

Shisha use increases the risk of infections n (45)

no / I don't know 34 75.6

Yes 11 24.4

Shisha use in pregnancy reduces baby weight n (43)

no / I don't know 34 79.1

Yes 9 20.9

Shisha use has been linked with gum and mouth disease n (43)

no / I don't know 38 88.4

Yes 5 11.6

Shisha use has not been linked with eye disease and blindness n (45)

No 10 22.2

yes / I don't know 35 77.8

Other peoples’ shisha use cannot harm non-smokers n (45)

No 13 28.9

yes / I don't know 32 71.1

No medical evidence that shisha could harm one’s health n (19)

No 2 10.5

yes / I don't know 17 89.5

n – Number of participants that responded to the variable
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Abstract
In spite of recent signifi cant advances in reduction of mortality and disability, coronary heart disease (CHD) remains 
widespread both in Russia and around the world. Coronary bypass graft surgery (CABG) has proved to be the most 
effective method of CHD treatment, providing that conservative therapy is not effective enough. The aim of the 
present study was to reveal and correct postoperative cognitive dysfunction (POCD), developed under the conditions 
of cardiopulmonary bypass (CB) in patients with CHD within 12 months after CABG.
A total of 87 patients were examined, all the patients underwent a course of drug therapy, 50 patients underwent 
a course of rehabilitation using computer-based stimulation programmes (once per day for 20 minutes within 10 
days) in addition to medical therapy. A reliable improvement in results of the conducted research suggests that the 
proposed method provides safety and high performance in cognitive rehabilitation of patients with impairments of 
the higher brain functions after CABG. A relatively short course of rehabilitation (10 days) corresponded to the length 
of hospital stay of patients in the cardiac unit. However, even in such a short course we could obtain signifi cant 
advantage in terms of effi ciency of higher cortical functions recovery. Therefore, a course of rehabilitation using 
computer-based stimulation programmes in patients with coronary heart disease after CABG was proved to be an 
effective way of correcting cognitive function.

Keywords
coronary heart disease • cognitive impairment • coronary artery bypass surgery • computer-based stimulation programme
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Introduction

In spite of recent signifi cant advances in reduction of 
mortality and disability, coronary heart disease (CHD) 
remains widespread both in Russia and around the world [1, 
2]. Coronary bypass graft surgery (CABG) has proved to be 
the most effective method of CHD treatment, providing that 
conservative therapy is not effective enough [2].
Recent developments in surgery, diagnostics, anaesthesiology, 
cardiopulmonary bypass (CB), and critical care medicine have 
led to decline in number of post-operative complications and 
mortality cases in cardiovascular surgery and made the surgical 
indications signifi cantly extended. Prevention of neurological 
complications after cardiac interventions and reparative vascular 
surgical interventions remains one of the most important 
challenges for both neurology and cardiovascular surgery.  
With the constant development in surgical techniques the 
number of severe post-operative central nervous system 
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disorders has reduced [1]. However, from 20 to 80 % of 
patients after cardiac interventions still develop POCD [2,3], 
which has become a marker of  patient’s low quality of life, 
fi nancial dependence from relatives and state and a poor life 
prognosis [4,5]. This fact is of particular importance for those 
patients with POCD who are of working age, because the 
development of POCD complicates the process of recovery, 
decreases the effectiveness of rehabilitation measures and 
often the chances of patients’ returning to work [6]. 
The modern concept of POCD consists in development of 
impairment of the higher cortical functions (memory, attention, 
thinking, speech, etc.) in the early postoperative periods and 
they also are preserved in the late postoperative periods 
[3,4,7]. Due to the inhomogeneity of the studies, data on the 
incidence of POCD is contradictory. In the research of Van Dijk 
and colleagues the frequency of POCD 2 months after CABG 
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(CSPs) was developed by the staff of the Department of 
nervous diseases with a course of medical rehabilitation of 
Professor V.F. Voino-Yasenetsky Krasnoyarsk State Medical 
University (patent number 2438574, 2012) [10, 16]. 
The proposed CSPs included sets of the structured, standardized 
and well-designed tasks for neuropsychological correction that 
could be performed using a personal computer. To ensure 
computer-based neuropsychological correction we used the 
visual memory training programmes with a sequence of tasks for 
memorizing diffi cult verbalized symbols, the Clock-Drawing Test 
for optical spatial arrangement gnosis training, the programme 
for impulsivity and attention span correction, as well as the 
programme for training counting ability. All the programmes 
provided the choice of exercises of the given level of complexity 
and duration and allowed the patient to get a quick feed-back. 
The described CSPs could be used at home and, consequently, 
were available to patients with severe physical handicaps. 
We published papers on the use of CSPs in patients with CHD 
in the early postoperative period following CABG [7, 10, 16]. 
The rehabilitation course with use of CSPs within 10 days once 
a day (provided that the duration of one session is 20 minutes), 
proved to be an effi cient way to correct cognitive impairments 
of a vascular genesis [7, 10, 16]. According to previously 
obtained data, the use of computer-based training in the early 
postoperative period promotes regression of postoperative 
cognitive impairment in patients who underwent CABG [7].
The aim of the study was to evaluate the effectiveness of using 
CSPs in the correction of early and late cognitive impairment 
in patients with coronary heart disease after CABG.

Methods

A total of 87 male and female patients with coronary heart 
disease were examined on the premises of the Federal centre 
for cardiovascular surgery (Krasnoyarsk).
The inclusion criteria for the treatment group included:  
1. Age up to 70 years.
2. Prescheduled coronary bypass surgery.
3. Signed Informed Consent.
The exclusion criteria comprised: 
1. The presence of chronic obstructive lung disease, chronic 

renal failure, oncopathology.
2. Combination of coronary heart disease with valvular 

disease, diabetes mellitus of any type, atrial fi brillation,  
brachiocephalic arterial occlusive disease or acute 
cerebrovascular accident in past medical history.

3. Less than 24 pre-operative indices on the Mini Mental 
State Examination scale and/or less than 11 pre-operative 
indices of the Frontal Assessment Test Battery. 

4. Patient’s refusal to participate in the study. 

was in the range of 4 to 47%.  However, other works reported a 
higher frequency of neuropsychological impairment in the early 
postoperative period (from 30 to 83%) [8,9]. Research over the 
last fi ve years indicates that the frequency of development of 
early POCD remains rather high - from 38 to 60% in 2 weeks 
and from 30 to 40% - in 8-10 weeks after CABG [10 - 12]. The 
fact that before the surgery a signifi cant portion of patients 
with coronary heart disease (CHD) had cognitive disorders of 
various levels of severity is important for understanding the 
changes in cognition after CABG. 
According to the literature data, the frequency of preoperative 
cognitive impairment ranges from 20 to 40%. This frequency 
depends on the age of the presence or absence of hypertension, 
cerebrovascular disease, genetic predisposition and the level 
of education [6]. The majority of the works presented in the 
modern literature are devoted to short-term neuropsychological 
outcomes. Whereas the works devoted to the long-term 
neuropsychological outcomes after CABG performed with the 
use of CB are not so numerous. Perhaps this is due to the 
fact that among researchers in this area, it is believed that 
the development of postoperative cognitive dysfunction is 
reversible. They believe that after a certain time interval, the 
cognitive function is recovered. Thus, Selnes compared the 
indexes of the cognitive status of patients with an ischemic 
heart disease after CABG and without surgical intervention. 
Signifi cant distinctions between groups were not received [3]. 
Changes in the cognitive sphere were observed equally in both 
groups. Based on these results, the authors concluded that 
surgery did not affect the patient’s cognitive status. Newman 
and colleagues in their work showed that fi ve years after CABG 
performed with the use of CB, the incidence of persistent 
POCD was 40% [13]. Cognitive decline from presurgical level 
in 5 years after CABG was observed in four cognitive domains - 
memory, attention, psychomotor speed and abstraction [4,13]. 
Thus, currently, there are no generally accepted criteria 
for the diagnosis of POCD, its structure is not clear, there 
are no convincing data on dynamics of its indices within a 
year, there is no unifi ed approach to neuropsychological 
testing conducting and there is no unifi ed approach to the 
assessment of the severity of cognitive impairment in patients 
who underwent CABG with the use of CB.
Results of the reviews devoted to rehabilitation of patients 
with cognitive impairment in case of cerebrovascular 
pathology are published [14]. Some works are devoted to 
the application of computerized training of memory, attention 
and visual gnosis [7,15]. 
Considering common features of a pathogenesis of vascular 
and post-operational cognitive disorders, a certain modifi cation 
of the classes provided, computerized training might be used 
in patients undergoing CABG. A method of correction of 
cognitive impairments in case of cerebrovascular pathology 
with use of the computer-based stimulation programmes 
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All the patients were divided into two groups. The main 
group (n=50) included patients who underwent a course of 
rehabilitation with the use of CSPs (1 time per day for 20 min. 
within 10 days) in addition to usual medical therapy. The course 
was started within the second twenty-four hours after coronary 
bypass surgery. The control group included 37 patients who 
underwent a course of post-operative rehabilitation getting 
usual medical therapy. The average age of main group patients 
made 60.3 ± 6.83 years with a median value of 62 years [57; 
69] ; the average age of the control group patients made 60.5 ± 
6.42 years with a median value of 61 years [55; 66]  (р>0.05).
The pre-operative examination comprised general 
somatic examination, methods of functional diagnostics 
(echocardiography, duplex scanning of brachiocephalic 
arteries), neuropsychological testing. 
The diagnosis of coronary heart disease was confi rmed based 
on the WHO criteria, the presence of anginal thoracalgia or its 
equivalent, patients’ medical history and instrumental methods 
of analysis. The estimation of the functional class of angina was 
made following the Canadian Cardiovascular Society Angina 
Classifi cation (ССS,1976). To reveal the stage of cardiac failure 
(CF) the classifi cation after N.D. Strazhesko and V.H. Vasilenko 
(1935) was used. The estimation of the functional class of CF 
was made following the New York Heart Association (NYHA, 
1964) classifi cation. The severity of angina corresponded to 
the II-III functional class (see Table 1). 
The patients were examined with the use of a standard 
scheme for neurological examination. Patients with mild 
cognitive impairments were included in the study according 
to the criteria formulated by R. Peterson (Peterson, 1997). 

Cognitive defi ciency was revealed with the use of the MMSE 
scale, according to which the number of points less than 28 is 
indicative of a moderate cognitive disorder [17, 18]. 
Cognitive functioning was estimated with the use of the 
Frontal Assessment Test Battery [19], the Clock Drawing 
Test [20], mental capacity and psychic pace examination 
(Schulte Tables)  [17], spontaneous and tardy reproduction of 
acoustic and visual material [19], association test (semantic 
speech activity) [21], serial counting test from the Mattis 
Dementia Rating Scale (Digitspan, WAIS). The technique of 
overlearning of 10 words was applied in several steps. The 
fi rst step included words’ overlearning on the fi rst presentation, 
the second one involved complete reproduction with fi ve 
repetitions, and the third one implied a tardy reproduction 
[22]. The emotional state of the patients was estimated with 
the use of the Hospital Anxiety and Depression Scale (HADS).
POCD was defi ned as a decrease of least 20% from 
baseline in an individual’s performance in more than two 
neuropsychological tests [23].
All the patients underwent CABG performed with the use of CB. 
Anaesthesia and perfusion were conducted conventionally. In 
the main group the CB duration made 86.9 ± 39.1 minutes, 
the aortic cross-clamping time – 50.9 ± 33.0 мин. (р>0.05). In 
the control group the CB duration made 83.2 ± 32.6 minutes 
(р>0.05), the aortic cross-clamping time – 50.1 ± 28.3 
(р>0.05) (see Table 1).
As it is shown in Table 1, according to the EuroSCORE, no 
statistically signifi cant differences between the two groups 
were found in respect to age, CB period, angina functional 
class and EuroSCORE.

Table 1. Clinical-demographic indicants of patients with coronary heart disease

Criteria Group with the use of CSPs Control group р

Age, years 62
[ 57.0; 69.0]

61.0
[55.0; 66.0] >0.05

CB duration 76.0
[64.0; 92.0]

74.0
[64.0;92.0] >0.05

Aortic cross-clamping time 40.0
[33.0; 60.0]

39.5
[28.0; 58.0] >0.05

Functional class, abs. %
II
III

26 (56)
24 (48)

21 (56.7)
16 (43.3)

Functional class (NYHA), abs. %
II
III

24 (48)
26 (52)

18 (48.6)
19 (51.4)

Number of patients with old myocardial infarction, abs. (%) 25 (67.6) 27 (73)

Number of patients - smokers, n (%) 35 (70) 28 (76)

Education, abs. (%) secondary 13 (26) 11 (29.7)

vocational secondary 24 (48) 17 (46)

higher 13 (26) 9 (24.3)

EuroSCORE 2.89 ±1.32 3.0±1.2 >0.05

Note: abs.- absolute
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their tolerance to physical activity, improvement of systolic 
myocardial function. All patients were dismissed in satisfactory 
condition after 10 to 13 days.
On cardiovascular examination with duplex screening of 
carotid and vertebral arteries, symptoms of atherosclerosis 
without hemodynamically signifi cant lesions were registered.
By evaluation of central hemodynamics parameters in early 
postoperative period, statistically signifi cant decrease of 
systolic output (SO), ejection fraction (EF), end-diastolic and 
end-systolic volumes were registered. In our opinion, it is 
associated with post-surgical “trauma” and with the aftereffect 
of CB. However, 12 months after CABG, improvements in 
both SO and EF parameters were registered. This seems 
to be associated with improvement of coronary blood fl ow; 
adaptive processes leading to increased physical activity 
and decreased post-surgical “trauma” impact. No statistically 
signifi cant differences were registered among the study 
groups (see Tables 2, 3).
During the initial neurological examination, lesions were 
registered in almost all of the enrolled patients. In group 

During the post-operative period, within 6-12 months 
after surgical intervention, similar examinations were 
performed: general somatic examination, methods of 
functional diagnostics (echocardiography, duplex scanning of 
brachiocephalic arteries), neuropsychological testing. 
Statistical data processing was included non-parametric methods 
with the use of Statistica 6.0 (Statsoft Russia).  In pair-wise 
comparison to value the signifi cance of the found differences 
between two dependent samples the Wilcoxon criterion was 
used, while independent samples were estimated with the use of 
the Mann-Whitney test. To study the association of quantitative 
attributes the Spearman correlation coeffi cient was used. 
Differences were considered as statistically signifi cant at р≤0.05.

Results and Discussion

Coronary artery bypass graft surgery (CABG) lead to 
improvement of clinical state in all patients, increase of 

Table 2. Results of the echocardiogram before and after surgical treatment in the group with the use of CSPs

Parameters Before treatment After treatment 6 months after treatment 12 months after treatment

EF (%)
Ejection fraction 

50.0
[45.0;53.0]

50.0
[43.0;53.0]

52.5
[50.0;55.0]

55.0
[52.0;57.0]

р1-р2= 0.41   р2-р3 = 0.001   р3- р4= 0.02   р1-р4 = 0.001

SO (ml)

Systolic output

56.5
[50.0;61.0]

52.5
[48.0;59.0]

54.5
[51.0;58.0]

64.0
[59.0;72.0 ]

р1-р2= 0.06   р2- р3 =0.68   р3- р4 = 0.98   р1-р4 = 0.001

EDV (ml)

End-diastolic volume

114.0
[98.0;129.0]

111.5
[89.0;132.0]

123.0
[112.0;130.0]

124.0
[113.0;132.0]

р1-р2= 0.39   р2- р3= 0.14   р3- р4  = 0.51   р1-р4= 0.138

ESV (ml)

End-systolic volume

56.5
[48.0;70.0]

53.0
[44.0;66.0]

61.5
[58.0;66.0]

64.0
[59.0;72.0]

р1-р2= 0.008   р2-р3= 0.01   р3- р4=0.015   р1-р4= 0.015

Table 3. Results of the echocardiogram before and after surgical treatment in the control group 

Parameters Before treatment After treatment 6 months after treatment 12 months after treatment

EF (%)
Ejection fraction 

50.0
[46.0;53.0]

50.0
[45.0;52.0]

54.0
[51.0;56.0]

57.0
[55.0;59.0]

р1-р2= 0.46   р2- р3 = 0.001   р3- р4= 0.001   р1-р4 = 0.001

SO (ml)

Systolic output

58.0
[53.0;62.0]

53.0
[48.0;59.0]

61.0
[58.0;63.0]

67.0
[62.0;74.0 ]

р1-р2= 0.018   р2-р3 = 0.001   р3- р4 = 0.001   р1-р4 = 0.001

EDV (ml)

End-diastolic volume

114.0
[106.0;130.0]

116.5
[88.0;132.0]

123.0
[114.0;130.0]

128.0
[123.0;132.0]

р1-р2= 0.321   р2- р3= 0.141   р3- р4= 0.032   р1-р4= 0.021

ESV (ml)

End-systolic volume

59.0
[50.0;70.0]

52.0
[43.0;64,0]

61.0
[58.0;65.0]

65.0
[61.0;72.0]

р1-р2= 0.008   р2- р3= 0.011   р3-р4= 0.015   р1-р4= 0.139
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1, impairment of memory was registered in 48 % (24/50), 
performance decrement was registered in 52 % (26/50), 
while headache and dizziness complaints were registered in 
30 % (16/50). In the control group, impairment of memory was 
registered in 45.9 % of cases (17/37), performance decrement 
was registered in 54 % (20/37), and headache and dizziness 
complaints were registered in 24.3 % (9/37).
Assessing the neurological status of the persons included 
into the study revealed vague neurological symptoms in 
the form of vestibulo-ataxic impairments, pseudo-bulbar 
syndrome, and pyramidal signs. Cognitive function 
parameters at the preoperative stage were comparable 
in the main and the control groups (the Mann-Whitney 
test), р<0.05. According to the inclusion criteria, before the 
treatment the level of cognitive impairment in patients of 
groups 1 and 2 was comparable and conformed to the level 
of mild cognitive impairment (MCI). For characteristics of 
the groups, see Table 4 and Figure 1.
In the main group of patients receiving computer-based 
cognitive training in addition to standard treatment 
during the postoperative period, statistically signifi cant 
improvement was registered by day 12: on the MMSE scale 

(р= 0.001, Wilcoxon test), FAB (р= 0.007, Wilcoxon test), 
in analysis of optical memory (fi ve words memorization) 
with direct reproduction (р= 0.012, Wilcoxon test) at 
memorizing of ten words (total number of words) (р= 0.001, 
Wilcoxon test) (Table 4). The parameters of direct and tardy 
reproduction of ten words, visual memorization of 5 words 
with tardy reproduction, Mattis scale serial counting and 
verbal fl uency (lateral and categorical associations) did not 
show statistically signifi cant improvement. However, these 
parameters remained at the preoperative level. 
By test result comparison among patients of groups 1 
and 2 on day 12 statistically signifi cant differences were 
revealed: on the MMSE scale (р=0.002), FAB (р=0.001), 
tests for associative thinking (р=0.001), memorizing of 10 
words with direct reproduction (р=0.002), total number 
of words (р=0.001), tardy reproduction (р=0.004), visual 
memorization of 5 words with direct reproduction, (р= 0.015), 
tardy reproduction (р=0.014), and Shulte tables attention 
assessment (р=0.014).
12 days after the surgery in the control group a total of eight 
neuropsychological tests showed statistically signifi cant 
deterioration (Wilcoxon test, р<0.5). When comparing 

Figure 1. Dynamics of cognitive function indices after CABG in the control group patients 

Note: Differences were considered as statistically signifi cant at signifi cance level  р < 0,05 (Wilcoxon test)
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Table 4. Dynamics of cognitive function indices after CABG in patients who used CSPs

Neuropsycho-logical test Before CABG 12 days after CABG 6 months after CABG 12 months after CABG

MMSE
Median value, Ме [P25;P75], 
р (Wil.Crit.)

27.0
[26.0;28.0]

28.0
[27.0;28.0]

28.0
[27.0;28.0]

28.0
[28.0;29.0]

р1-2=0.001 р2-3=0.237 р3-4= 0.012 р1-4=0.001

FAB
Median value, Ме [P25;P75], 
р (Wil.Crit.)

16.0
[16.0;17.0]

16.0
[16.0;17.0]

17.0
[17.0;17.0]

17.0
[17.0;17.0]

р1-2=0.007 р2-3=0.001 р3-4=0.157 р1-4=0.001

Clock Drawing Test
Median value, Ме [P25;P75], 
p (Wil.Crit.)

9.0
[9.0;10.0]

10.0
[9.0;10.0]

10.0
[9.0;10.0]

10.0
[9.0;10.0]

р1-2=0.287 р2-3=0.108 р3-4= 0.108 р1-4=0.38

10 words 
Memory Task

Median value, Ме 
[P25;P75], p (Wil.Crit.)

Stage 1
5.0

[5.0;6.0]
5.5

[5.0;6.0]
6.0

[5.0; 6.0]
6.0

[5.0;6.0]

р1-2=0.239 р2-3=0.83 р3-4=0.227 р1-4=0.043

Stage 2
35.0

[32.0;37.0]
36.0

[35.0;38.0]
36.0

[35.0;38.0]
36.6

[35.0;38.0]

р1-2=0.001 р2-3=0.128 р3-4=0.227 р1-4=0.012

Stage 3
5.0

[4.0;6.0]
5.0

[5.0;6.0]
5.0

[5.0;6.0]
5.5

[5.0;6.0]

р1-2= 0.486 р2-3=0.017 р3-4=0.31 р1-4=0.06

Spontaneous Visual Memorization, 
Median value, Ме [P25;P75], 
р (Wil.Crit.)

4.0
[4.0;5.0]

5.0
[4.0;5.0]

5.0
[4.0;5.0]

5.0
[4.0;5.0]

р1-2=0.0124 р2-3=0.423 р3-4=0.61 р1-4=0.002

Tardy Reproduction,
Median value, Ме [P25;P75], 
р (Wil.Crit.)

3.0
[2.0;3.0]

3.0
[3.0;4.0]

3.0
[3.0;4.0]

3.0
[3.0;4.0]

р1-2=0.671 р2-3=0.108 р3-4=0.067 р1-4=0.001

Association Test,
Median value, Ме [P25;P75], 
р (Wil.Crit.)

17.0
[16.0;17.0]

17.0
[16.0;18.0]

17.0
[16.0;18.0]

17.0
[17.0;18.0]

р1-2=0.085 р2-3=0.173 р3-4=0.207 р1-4=0.003

Shulte Tables, 
Median value, Ме [P25;P75], 
р (Wil.Crit.)

55.5
[49.0;67.0]

55.0
[49.0;59.0]

54.0
[50.0;58.0]

52.5
[49.0;57.0]

р1-2=0.001 р2-3=0.003 р3-4=0.207 р1-4=0.003

Counting forward,
Median value, Ме [P25;P75], 
р (Wil.Crit.)

5.0
[5.0;6.0]
5.3± 0.88

5.0
[5.0;6.0]

5.36±0.69

5.0
[5.0;6.0]

5.42±0.81

6.0
[5.0;6.0]

5.54±0.81

р1-2=0.638 р2-3=0.556 р3-4=0.201 р1-4=0.081

Counting down, 
Median value, Ме [P25;P75], 
р (Wil.Crit.)

3.0
[3.0;4.0]

4.0
[3.0;4.0]

4.0
[3.0;4.0]

4.0
[3.0;4.0]

р1-2=0.37 р2-3=0.37 р3-4=0.63 р1-4=0.02

Note: Distinctions were considered as statistically signifi cant when signifi cance level was р < 0.05.
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results of testing of patients of the main and control groups 
after surgery we revealed statistically signifi cant differences 
between the study groups in terms of MMSE (p = 0.006), 
FAB (р=0.001), tests for associative thinking (р=0.001), 
memorizing of 10 words with direct reproduction (р=0.007), 
total number of words (р=0.001), tardy reproduction (р=0.001), 
visual memorization of 5 words with direct reproduction (р= 
0.024), Shulte tables (р=0.001) (the Mann-Whitney criterion), 
indicating the benefi ts of using CSPs.  
These results remained 12 months later within follow-
up observation of the patients: MMSE (р=0.001), FAB 
(р=0.001), Shulte tables (р=0.001), tests for associative 
thinking (р=0.001), counting forward (р=0.036), memorizing 
of 10 words with direct reproduction (р = 0.002), total number 
of words (р=0.001), tardy reproduction (р=0.008), visual 
memorization with direct reproduction (р= 0.008), clock 
drawing test (р= 0.047).
The correlation analysis was carried out to assess the 
interrelation of different signs, including demographic, 
medical history (CB duration) and clinical signs (the results 
of neuropsychological testing). It was found out that as age 
increased, the test results decreased on the MMSE scale 
(r=-0.35; p<0.05) , on the FAB scale (r=-0.41; p<0.05),  in 
terms of concentration according to Shulte tables (r=-0.36; 
p<0.05), associative thinking (r=-0.31; p<0.05), serial account 
of the Mattis Scale (r=-0.31;p<0.05), direct reproduction in 
memorization of 10 words (р=-0.31; р<0.05), total number of 
words (r=-0.36; p<0.05), tardy reproduction in memorization 
of 10 words (r=-0.43; p<0.05),  memorization of 5 words and 
direct reproduction (r=-0.33; p<0.05), memorization of 5 words 
and tardy  reproduction (r=-0.41; p<0.05), clock drawing test 
(r=-0.39; p<0.05). The correlation analysis showed that as 
CB duration increased, the results of testing on Spontaneous 
Visual Memorization scale (r=-0.38; p<0.05), direct 
reproduction in memorization of 10 words (r=-0.39; p<0.05), 
memorization of 5 words and direct reproduction   (r=-0.35; 
p<0.05), and Shulte tables (r=-0.33; p<0.05) worsened.
No adverse side-effects were revealed in patients who used 
CSPs after CABG.

Conclusion

CABG is the most effective surgical treatment for ischemic 
heart disease, as it improves the patient’s quality of life 
and increases life expectancy [3,4]. Currently, the clinical 

effectiveness of high-tech methods of CABG greatly exceeds 
the frequency of returning patients to work. This represents 
an acute social problem since most of the patients who suffer 
from ischemic heart disease and undergo cardiac surgery are 
people of working-age. POCD occupies a special place among 
cerebrovascular complications [17,24]. The development of 
POCD in patients after cardiac surgery may lead to diffi culties 
in rehabilitation, reduction of social activity and the probability 
of returning to work [3,10,25]. Instead, in clinical practice the 
necessity of cognitive functions assessment before surgery 
and in the postoperative period is often underestimated. 
However, late diagnosis and therapy of cognitive impairment 
can lead to further progression of cognitive disorders. Our 
fi ndings demonstrated a high risk of cognitive decline after 12 
days after CABG in the control group. In the group with the 
use of CSPs the results showed the most signifi cant preserve 
of the preoperative level of cognitive functioning, in spite of 
a surgery. We even noticed improvement in most tests. 12 
months after CABG in the group with the use of CSPs we 
have managed not only to return the indices of cognitive 
functions to their original values, but also signifi cantly improve 
the performance in almost all tests.
A reliable improvement in results of the conducted research 
suggests that the proposed method provides safety and 
high performance in cognitive rehabilitation of patients with 
impairments of the higher brain functions after CABG. A 
relatively short course of rehabilitation (10 days) corresponded 
to the length of hospital stay of patients in the cardiac unit. 
However, even in such a short course we could obtain 
signifi cant advantage in terms of effi ciency of higher cortical 
functions recovery.
The complex rehabilitation actions concerning presurgical 
scheduling of a type and volume of intervention, and also 
targeted cognitive stimulation are necessary for the complete 
recovery of cognitive functions. A number of important 
questions remain unanswered in the theory and practice of 
cognitive rehabilitation. However, in spite of these problematic 
issues, more and more specialists emphasize cognitive 
rehabilitation of patients with CHD who need surgical 
revasculization. 
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Abstract
One of the key modern orthopaedic dentistry problems related to rehabilitation of patients with complete edentulism 
is the process of their adaptation to artifi cial orthopaedic constructions. According to fundamental and modern 
scientifi c research, the biological factor, i.e. the complex of all reactions of the organism to the prosthesis including 
psychological reactions that is individual for each user, is the most important one.
Development of new conditioned-refl ex connections and formation of cortical inhibition of active stimulus, that a full 
removable denture is, depends directly on the balance and dynamics of patient’s neural processes despite having 
several common characteristics including chronometric ones that can be revealed in the majority of patients of this 
category.
Furthermore, previous experience of full removable denture usage is of great importance, specifi cally its presence 
or absence and whether it was positive or negative etc., which in its entirety infl uences the degree and intensity of 
phases in patient’s adaptation to a new artifi cial construction.
In this connection, it is important to note the role of patients’ psychological preparation, their familiarisation with 
corresponding illustrative material, establishment of the psychological contact aimed to form positive but at the 
same time realistic view on the provided prosthetic care in terms of functional and aesthetic optimum restoration, 
which is an essential part of successful rehabilitation for this category of patients.
On the grounds of many years’ practical experience, a number of most frequent complaints and questions of 
patients provided with rehabilitation using full removable dentures which frequently accompany adaptation 
process and demand careful doctor’s attention while performing explanatory work has been developed. Thereafter, 
it is necessary to make a corresponding note in patient’s medical record with signature confi rmation in order to 
prevent further confl icts associated with the process of adaptation to dentures and its peculiarities related to this 
specifi c patient.

Keywords
adaptation • full removable dentures • complete edentulism • orthopaedic dental treatment
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Introduction

Orthopaedic treatment is a serious intervention into the 
human organism, one of the main problems in which is the 
patient’s effective adaptation to the denture. One of the 
most widely-used methods of rehabilitation for patients 
with complete edentulism is full removable denture 
treatment.
In this sort of prosthetics, success in restoration of functional 
and aesthetical optimum depends directly on the process 
of patient’s adaptation to the prosthesis. In orthopaedic 
dentistry, the term “adaptation” (lat. adaptatio – fi t, adjust is 
used in the following two situations: 1) meaning the patient’s 
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habituation to the prosthesis, 2) meaning patient’s prosthetic 
impression area tissue adjustment to the denture at rest and 
during functional load [1, 2].
Therefore, the necessity to understand mechanisms of 
patient’s adaptation to the orthopaedic construction is at 
the foreground. In particular, these are morphological, 
physiological and psychological bases exerting immediate 
infl uence on the process of adaptation as well as 
possibilities of their adjustment, correction and creation of 
most favourable conditions for alleviation of adaptation to 
removable orthopaedic constructions.
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the adaptation process to an orthopaedic dental construction 
may be complicated by lack of stimuli for habituation and 
expressed suspiciousness leading to excess perception of 
individual sensations caused by the denture. These patients 
are prone to trusting their “neighbour” more than a doctor.
Sanguine is the one having strong nervous system type with 
balanced processes of excitation and inhibition. As a rule, such 
patients cooperate with the dentist-orthopaedist and adhere to 
the doctor’s instructions orderly. Such patients usually adapt 
to dentures easily and without any complications.
Phlegmatic is the one having strong nervous system type with 
inert processes of excitation and inhibition. Such patients are 
dilatory, sometimes distrustful but disciplined. They usually 
endure discomfort associated with adaptation to dentures 
well. Mood stability intrinsic to them allows quite slow but 
successfully fi nish the denture habituation period.
Choleric is the one having strong nervous system type with 
unbalanced processes with prevalence of excitation. The 
dentist-orthopaedist must be specifi c in recommendations 
and instructions as well as uncensorious, polite and patient 
within the process of communication.
A denture introduced into patient’s oral cavity is a strong 
stimulus for mucous coat and periodontium receptors. Due to 
the ability of periodontium receptors to adapt to masticating 
pressure, a substantial part of information from the stimulus 
does not reach consciousness and therefore does not 
overstrain higher divisions of central nervous system. This 
circumstance explains relatively fast habituation of fi xed 
dentures. The quantity of excited receptors and irritation 
intensity increase during removable denture usage. In 
response to this, higher mechanisms activate while excitation 
reaches the sphere of consciousness. Cortical inhibition 
development velocity and formation of new conditional 
refl ex connections depends on the dynamicity and balance 
of patient’s nervous processes. Subsequent formation of 
inhibition in response to other identical conditioned stimuli is 
signifi cantly more rapid and easier than for the fi rst time [6]. 
At the same time, it is necessary to note that development of 
conditioned refl exes becomes more diffi cult with age and their 
extinction is observed. This fact is associated with weakening 
of cortical inhibitory infl uence on subcortex centres [7, 8].
Additionally, correct psychological preparation of patient and 
his/her understanding of the necessity to use the prosthesis 
as a treatment means aimed to maintain their health are 
of large importance for their adaptation to dentures. For 
that purpose, it is necessary to perform demonstration of 
illustrative materials before treatment initiation, whether it is 
a preliminarily produced demonstrational exemplar – a model 
(which is preferable due to additional tactile perception of 
the object) or graphic representation of the prosthesis – a 
drawing, a photograph. This is done in order to not to allow 
the fi nal material result of the dentist-orthopaedist’s work 

Materials and Methods

Both modern scientifi c literature and fundamental works 
touching such essential aspects as conditioned refl exes and 
conditions of their formation and inhibition were used as the 
source of the material presented in the article. Our team’s 
long-term clinical experience in rehabilitation of this category 
of patients was used to formulate a list of most frequently 
observed problems and issues in the habituation to full 
removable dentures by patients

Results

As the result of modern and fundamental literature analysis, 
theoretical aspects of patients’ adaptation to orthopaedic 
dental constructions, namely, full removable dentures, have 
been considered. Priorities of different adaptation factors in 
the process of adaptation have been denoted. Among those, 
the psychological factor was found to be the leading one as 
pivotal to successful rehabilitation. Based upon many years 
of practical experience, a list of the main diffi culties and 
questions asked by patients within the process of adaptation 
to full removable dentures has been formed.

Discussion

Dental prosthetics, especially involving removable orthopaedic 
constructions, is a serious medical intervention into the 
human organism that affects it massively. Despite the fact 
that the denture might be produced in accordance to all rules 
of prosthodontic art, the main factor of successful prosthesis 
exploitation and habituation by the patient is a biological 
one. Biological factor is understood as the integrity of all 
reactions of the organism to the denture. In turn, reactivity 
of the patient’s organism, oral cavity organs and tissues, 
mucous coat of the prosthetic impression area in particular 
and the whole oral region in general, reactivity of bone tissue, 
muscles and temporomandibular joints depends on health 
status of a person, his/her age, higher nervous activity type 
and psychological status [3, 4, 5].
A person’s higher nervous activity type and features of their 
temperament exert substantial infl uence on processes of 
adaptation to dentures that must be taken into account in 
clinical practice by dentists-orthopaedists.
Melancholic is the one having weak nervous system type with 
prevalence of inhibition processes. Such patients are noted to 
have diffi culties in adaptation to dentures. They are sensitive; 
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become a surprise and provoke rejection by its appearances 
and size and lead to the following characteristic reaction - 
“how will I bear this in my oral cavity?” In this regard, it is also 
outstandingly important for the dentist-orthopaedist to inform 
the patient about peculiarities of full removable dentures during 
the whole period of orthopaedic treatment, as well as about 
fundamental difference between natural and artifi cial teeth 
and the patient’s own role in success of treatment. The patient 
must know that full removable denture treatment effi cacy does 
not only depend on the quality of the prostheses itself, but, to 
a certain extent, it also depends on the patient’s dedication 
to habituation to the denture. Thus, it depends on recognition 
of the patient’s diffi culties associated with adaptation to full 
removable dentures, on the patient’s willingness and intention 
to overcome the mentioned diffi culties.
An important factor defi ning general reaction of a person to 
presence of a removable denture in the oral cavity is their 
psychological preparedness depending on whether they 
trust their doctor and on the degree of their awareness about 
limits in possible restoration of mastication, speech and face 
appearance. The patient must know that prosthetic devices 
are only able to restore what was lost due to the absence 
of teeth and alveolar ridge atrophy, while many age-related 
changes are almost impossible to revert [9]. Psychological 
adaptation of patients to full removable dentures is of pivotal 
importance. This notion is defi ned as the “integrity of complex 
conditioned refl ex reactions of patient related to the sphere of 
human emotions and defi ning the degree of their satisfaction 
by prostheses”. In this connection, quite illustrative are 
clinical studies revealing strong positive emotions evoked 
by dental arch restoration, improvement of face appearance 
and its general rejuvenation associated with successful 
denture treatment using different removable orthopaedic 
constructions. Patients’ (especially females’) aesthetic 
satisfaction by dentures signifi cantly enhances adaptation to 
them. And conversely, prejudice and suspiciousness of the 
patient may exert negative impact on the adaptation process 
during formation of new or restoration of former conditioned 
refl exes associated with the complexity of psychic reactions 
and the patient’s attitude.
The psychological background of communication with the 
patient initially set by the dentist-orthopaedist involving 
formation of elements of trust, friendship, consideration and 
understanding in regard to household issues of the patient 
(such as garden planting, crop harvesting, discussion of 
problems related to communication with grandchildren, 
etc.) is the key factor in solving this issue. In the problem 
of patients’ adaptation to full removable dentures, there is 
an important and still under-investigated aspect of speech 
adaptation which also lies within the sphere of conditioned-
refl ex activity dependent not only on functional peculiarities 
of the tongue, soft palate, masticatory and mimic muscles 

but also on optimal interaction of active speech articulation 
organs with prostheses in general and with their separate 
components in particular [10, 11].
The above-mentioned data prove the fact that adaptation of 
patients to full removable dentures is a problem that has not 
been solved completely in regard to separate theoretical and 
practical aspects. Nevertheless, a certain contribution to the 
solution of this issue has been made by Russian scientists 
who have dealt with problems of local and general adaptation 
of patients to dentures.
A full removable denture is sensed as a foreign body by 
tissues and organs of the human oral cavity and is a strong 
stimulus for nerve endings of the oral cavity mucous coat. 
Excitation of sensitive receptors in the oral cavity is transmitted 
via the refl ex arc to salivation centres, speech, etc. resulting 
in excessive salivation and vomiting refl ex, impairment of 
speech, mastication and deglutition functions. Adaptation or 
adjustment to a removable denture comes slowly and gradually. 
This process is expressed by development of neuromuscular 
coordination, restoration of impaired maxillofacial area 
functions. Sensation of an orthopaedic construction as a 
foreign body disappears with habituation and full adaptation 
of the patient. Adaptation to removable prostheses takes from 
10 to 30 days and depends on a variety of factors. According 
to data by V. Yu. Kurlyandsky (1969), patients’ adaptation 
period to a removable prosthesis is affected by the degree of 
its fi xation and stabilisation, presence or absence of pain in 
the prosthetic impression area, peculiarities in construction of 
the prosthesis and by other factors. In case of timely denture 
treatment, adaptation period decreases to 3-5 days. These 
data have been confi rmed by objective data by a number of 
modern studies [12].
The process of adaptation to a denture could be considered 
as a manifestation of cortical inhibition. In the beginning, a 
denture is sensed as a foreign body – an abnormal stimulus. 
Due to the works of I. P. Pavlov (1923) on conditioned refl exes, 
sensation of a prosthesis as a foreign body disappearing over 
time is to be considered as a manifestation of cortical inhibition. 
In its mechanism, inhibition is of internal or conditioned 
nature. This inhibition develops in the prosthesis bearer due 
to the general law, according to which any excitation against 
the background of its long-term presence and becomes an 
inhibition agent with essential participation of the cortex. 
Experiments on animals carried out in I. P. Pavlov’s laboratory 
(1903) revealed and proved that an abnormal stimulus initially 
evoking active reaction begins evoking less and less active 
reactions over time and fi nally loses its effect completely. 
Against the background of permanent application of such 
passive stimulus, the conditioned refl ex becomes inhibited. 
This proves that the reaction does not disappear but the 
phenomenon of inhibition is present. Such inhibition could be 
removed (interrupted) by effect of a stronger stimulus [13]. 
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of articulation and phonation, disappearance of tension in 
soft tissue, inhibition of vomiting refl ex (if initially present), 
beginning of chewing effi ciency restoration (the rapidity of 
the processes may be higher or lower depending on the 
prosthesis construction and initial clinical status of toothless 
alveolar ridges, the degree and type of their atrophy). The third 
phase is full inhibition that comes within the period between 
the fi fth and the thirty-third day after prosthesis application. A 
characteristic feature of this period is the fact that the denture 
bearer does not feel the prosthesis as a foreign body but 
instead cannot dispense without it. Full adjustment of the 
muscular and joint system to restored (or altered) occlusion 
is observed. Deglutition effi ciency is restored to the maximum 
possible value.
Inhibition developed in response to full removable denture 
usage is revertible, i.e. in certain conditions an inhibited 
stimulus becomes active again. Some inhibition weakening is 
observed in prosthesis bearers that remove dentures from the 
oral cavity during night time. They always note that they need 
some time in the morning for articulation to be restored and 
for prosthesis in the mouth not to be felt, i.e. the orthopaedic 
construction is an abnormal stimulus again in the beginning. 
However, stimulus action of the prosthesis is quite short-term 
in this case. This is explained by the fact that a once-developed 
inhibition facilitates development of repeated inhibition as 
a once-formed refl ex promotes formation of conditioned 
refl exes. This is a typical reaction of living beings to a stimulus 
over one or another period of time after a pause in its action. 
At the same time, this fact points to the after-impression 
persisting in the central nervous system for certain time after 
action of the stimulus that is the pivotal factor defi ning the 
character of future responses to action of new stimuli. Residual 
effects of the action participate in defi ning the background 
and functional mobility of reacting substrates. The presence 
of after-impression explains the fact that patients undergoing 
repeated prosthetic care experience more rapid adaptation 
processes (even if the patient has not used a denture for 
an extended period of time) and therefore cortical inhibition 
in response to action of the irritation by a newly produced 
denture. It is also known that the best orthopaedic treatment 
results and most rapid adaptation to prosthesis is observed 
in case of immediate prosthetics, especially in cases when 
bases of prostheses are produced from fl exible plastic as well 
as in cases of full removable dentures lying on dental roots 
through a telescopic system or button fi xators of cast inlays 
which is explained by a signifi cant role of teeth periodontium 
proprioception.
Recently, clinical practitioners have begun devoting increasing 
attention to the problem of psychogenic intolerability 
to removable dentures as the number of patients with 
maladaptation to these orthopaedic constructions has grown.  
Results of a number of psychoanalytical studies have shown 

From this point of view, a newly applied removable denture 
is an active stimulus for sensitive nerve endings in the oral 
cavity and will be such until cortical inhibition is developed.
Excitation of oral cavity receptors by a denture is manifested 
by excess salivation, articulation impairment, retching. In 
case of hyperexcitability, continuous retching is observed. In 
specifi c cases, immediate emergence of vomiting reaction 
is registered. Adaptation mechanism as expression of 
compensatory brain hemispheres activity reveals itself in 
gradual restoration of motor action in dentofacial innervation. 
For example, acts of food biting, mastication and deglutition 
are non-coordinated in the beginning of prosthesis exploitation 
thus requiring more physical and emotional-volitional 
strength for their performance. After some time of denture 
usage, these acts are being performed in a coordinated and 
refl exive manner, which is explained by the following change 
of excitation to inhibition in the brain cortex. Emergence of 
coordinated and coherent activity of all organs participating in 
food processing in the mouth in presence of dentures is the 
result of coordinating role of the nervous system. It is exactly 
the nervous system that is capable of rebuilding functions and 
forming new interrelations. Disengagement of the coordinating 
role of the central nervous system in denture users has been 
proved by widely known facts of denture aspiration during 
sleep time [14].
Cortical inhibition begins in different periods from the fi rst day 
of denture usage and depends on a number of factors, the 
main among which is the type of higher nervous activity. Period 
of adaptation to dentures depend on its size and construction, 
the degree of its jaw fi xation and the character of masticatory 
pressure through the mucous coat and periodontium. Large 
infl uence on denture adaptation period is exerted by emerging 
pain from prosthesis pressure (sharp sides of the jaws, sores, 
ulcers on prosthetic impression area tissues and proximate 
zones). In case of sharp edges on jaws or sore formation, 
adaptation period extended. This follows from the fact that in 
such cases the prosthesis produces growing irritating effect 
which prevents formation of inhibition in the central nervous 
system and the prosthesis is still sensed as a foreign body. 
Inhibition will appear only after removal of all additional stimuli.
V. Yu. Kurlyandsky outlines three successive phases of 
adaptation to dentures. The fi rst phase of irritation is observed 
on the fi rst day of full removable denture delivery to the patient. 
This phase is characterised by the patient’s attention being 
fi xed on the orthopaedic construction as on a foreign body. 
The irritation is expressed in form of excess salivation, drastic 
changes in articulation and phonation, lisping, inadequate 
deglutition effi ciency, tension in lips and cheeks, vomiting 
refl ex appearance. The second phase is partial inhibition that 
comes within the period from the fi rst to the fi fth day after 
initial prosthesis application. Characteristic features of this 
phase are gradual normalisation of salivation, restoration 
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that such patients have signifi cant differences from those in 
the control group residing in the fact that they stated more 
frequent complaint about internal organ dysfunctions. All 
attention of such patients, as a rule, is so concentrated on their 
sickliness that it is complicated to discern between real, actual 
symptoms and spurious ones (false symptoms speculated by 
the patient). Individuals with unbalanced psyche are especially 
frequently registered among patients with temporomandibular 
joint disorder (TMJD). It is suitable for a dentist-orthopaedist 
to cooperate with psychologists or in some cases with 
psychiatrists while treating patients of this category.
Effi cacy of full removable denture treatment does not only 
depend on the art of medicine and dental mastery but is 
also largely contributed to by preliminary psychological 
preparation of the patient to diffi culties in adaptation to the 
prosthetic construction intrinsic to this sort of dental treatment. 
Advance notice and acquaintance of the patients with future 
inconveniences after production of removable orthopaedic 
constructions and due medical care of patients in this 
complicated life period of adaptation predefi ne the success 
of the fi nal result of orthopaedic dental treatment measures.
Drawing upon personal, many-year experience in prosthetic 
care provided to such category of patients, we have revealed 
a number of main issues to be warned about in advance for 
the patients who will begin using full removable dentures 
[15, 16, 17]. 
Introduction of this list to the patient with confi rmation 
signature in the medical record followed by receiving a 
leafl et guide with information about inconveniences a patient 
might experience after production of full removable dentures 
are of great importance to the dental clinic and the dentist-
orthopaedist. In this connection, we are presenting a text 
variant of a leafl et guide for a patient who starts using full 
removable dentures with a list of temporary inconveniences 
he/she is sure to face with after orthopaedic treatment and 
application of prostheses that are transient in the period of 
adaptation to full removable dentures.  
1. Nausea and retching. These symptoms are more 
pronounced in case of full removable denture treatment of 
the upper jaw. These phenomena can be terminated or 
alleviated by shortening of the distant (back) palatal base part. 
Therewith, it is necessary to keep in mind the fact that this 
manipulation may disrupt the border seal in clinical cases of 
full removable maxillary denture treatment, which will impair 
its fi xative ability. Respiratory exercise – deep inhalations and 
exhalations through the nose – at initial stages of denture 
usage makes it possible to reduce such phenomena. It 
possible to apply topical anaesthesia to the “A” zone (the rear 
palatal border of the prosthesis) as a temporary adaptative 
manipulation at the fi rst stage of prosthesis exploitation.
2. Excess salivation. It is observed at the beginning of 
removable denture usage. This phenomenon is explained 

by the fact that any foreign body in the oral cavity inducts 
refl exive salivation increase. This inconvenience is eliminated 
through prolongation of continuous removable denture usage 
period, patient’s adaptation (habituation) to it and inhibition of 
irritating infl uence of the orthopaedic construction stimulating 
the above-mentioned refl ex.
3. Biting of cheeks along the teeth occlusion line. It is possible 
in the beginning of use of removable dentures or dentures 
replacing the lacking lateral group of teeth. This circumstance 
is explained by masticatory muscle atrophy during the period 
of teeth absence and reduction in the height of the lower third 
of the face. This inconvenience is liquidated after adaptation 
of masticatory muscles to new functioning conditions in 
presence of removable artifi cial orthopaedic constructions with 
the condition of cheek depression removal and restoration of 
optimum height of the lower third of the face.
4. Subjective sensation of the upper lip being pushed out 
and protrusion of the upper teeth group from under it. This 
circumstance is explained by orbicular muscle atrophy during 
the period of frontal teeth group absence and decrease in 
height of the lower third of the face. This inconvenience is 
terminated after adaptation of the orbicular muscle to new 
functioning conditions through termination of adoral soft 
tissue depression and restoration of optimum height of the 
lower third of the face.
5. Speech defect. It is possible in the beginning of removable 
denture usage, especially a maxillary one replacing the frontal 
group of teeth. This circumstance is explained by presence of 
new articulatory interrelations of the tongue tip with the frontal 
group of artifi cial teeth and decrease of functional space for 
the tongue. Speech is restored after adaptation of the tongue 
to new articulatory interrelations.  Elimination of lisping and 
defects in pronunciation of particular sounds – the “s” sound, 
more frequently – is possible through gradual shortening of 
the frontal teeth cutting edge in dynamics in order to form the 
optimum sound pronunciation.
6. Subjective sensation of insuffi ciency (lack) of space for 
the tongue in the oral cavity. It is possible in the beginning 
of removable denture usage, especially in cases of 
simultaneous production of both maxillary and mandibular 
dentures. In case of teeth absence, the space for the tongue 
was only anatomically restricted by soft tissues resulting 
in its compensatory hypertrophy due to participation in 
mastication while the denture base and artifi cial teeth 
arches decrease available space for it. This inconvenience 
is less pronounced in case of clasp prostheses or dentures 
with metallic base in comparison with laminar prosthesis 
made of acrylic plastic due to the reduced thickness of 
the metallic base approximately equal to 0.3-2.5mm. This 
inconvenience is terminated after adaptation of the tongue 
to new (“constricted”) conditions of functioning that cannot 
be avoided.



71

Medical University

7. Painful sensations in the mucous coat of the impression 
area – prosthetic stomatitis in the beginning of removable 
denture usage. Such condition is explained by the mucous 
coat of the prosthetic impression area being exposed to 
abnormal mastication load. Prosthetic stomatitis is more 
expressed in patients using removable dentures for the 
fi rst time and may be almost absent in case of repeated 
prosthetic treatment due to characteristic morphological 
changes of the mucous coat of the prosthetic impression 
area – thickening and hardening of the epithelial layer. 
Prosthetic stomatitis is more pronounced in patients with 
exostoses, irregularities and eminences of the alveolar 
ridge caused by heterogeneous atrophy and recent 
removal of teeth as well as in case of periodontium 
diseases characterised by rapid heterogeneous alveolar 
bone atrophy, rapidly progressive pathologic tooth 
mobility and their subsequent loss in medical history. This 
inconvenience is terminated by means of dynamic denture 
base correction and preliminary bone prominence isolation 
on gypsum model of the jaw.
8. Ingression of food debris under the denture base. This 
inconvenience is caused by construction features of removable 
dentures and a specifi c character of their interrelations with 
prosthetic impression area tissues. The above inconvenience 
is permanent and inevitable for the patient and requires 
psychological preparation for the necessity to follow 
personal oral cavity hygiene rules (washing of the denture 
and oral cavity rinsing after every meal). To some extent, 
this inconvenience could be negated through application of 
denture adhesives.
9. Balance and displacement of denture during masticatory 
load. This inconvenience is caused by compressibility and 
mobility of the mucous coat of the denture impression area 
and is defi ned by peculiarities of individual morphological 
structure of this anatomical structure as well as its damping 
properties. To some degree, this effect may be negated or 
compensated via usage of super elastic prosthesis materials.
10. Lower masticatory effi ciency of removable dentures 
in comparison with dental bridges based on natural teeth 
and dental implants as well as with intact dentition. This 
inconvenience is caused by the fact that the mucous coat 
is not anatomically and physiologically conditioned for 
perception of masticatory load while constructive features 
of removable dentures provide for concentration of the main 
part of masticatory load on it. This requires larger emotional-
volitional effort and more time for food mastication. This 
inconvenience is more pronounced in patients who use 
removable dentures for the fi rst time and it is less expressed 
during subsequent (repeated) removable denture treatment 
resulting from hardening of the epithelial layer of the mucous 
coat of the prosthetic impression area with the increase of the 
denture bearing time period.

11. Peculiarities in teeth setup of full removable dentures 
that do not comply with anatomical features of the patient’s 
dental occlusion before loss of teeth. This inconvenience is 
caused by individual features of alveolar ridge and jaw bone 
atrophy requiring arrangement of artifi cial teeth in the middle 
of the alveolar ridge with full removable denture treatment 
which provides for most effective fi xation and stabilisation 
of the prosthesis during functional load. In certain cases, 
this inconvenience may be negated through individualised 
(according to the patient’s request) teeth arrangement 
maximally similar to the lost anatomical norm breaking the 
rules of artifi cial teeth arrangement in full removable dentures. 
This, however, most frequently promotes decline in fi xation 
and stabilisation of full removable dentures.
12. Worse fi xation and stabilisation of mandibular full 
removable dentures in comparison to maxillary ones. The 
prosthetic impression area of the edentulous lower jaw has 
smaller area. At its border, it has fi bre bands of the transitory 
fold mucous coat moving actively and passively that change 
their position during functional loads. The lower jaw and the 
tongue are mobile anatomical structures that are in constant 
movement. This inconvenience may be decreased through 
formation of borders of the full removable mandibular denture 
using functional trials and, to some extent, usage of adhesives 
for removable denture fi xation.
13. Possible worse fi xation and stabilisation of full removable 
dentures in some patients in comparison to other ones. Such 
condition is explained by individual anatomical features of 
the prosthetic impression area, the degree and the character 
of alveolar ridge and jaw bones atrophy. This inconvenience 
may be eliminated to some extent via usage of adhesives for 
denture fi xation.
14. Short-term phenomena and symptoms of adaptation to 
removable dentures in the morning in case of ejection of the 
denture. This phenomenon is caused by short-term absence 
of the stimulus. Therefore, its reappearance begins cortical 
inhibition that rapidly terminates signs of infl uence of the 
stimulus in case of constant denture bearing. In order to 
decrease this phenomenon, it is recommended to perform 
logopaedic exercises (active speech load) after introduction 
of the prosthesis into the oral cavity in the morning for 
acceleration of the inhibition process.
15. Possible occasional crashes of the denture base made of 
acrylic plastic. This issue is defi ned by the denture material 
(acrylic plastic) fatigue caused by dynamic multidirectional 
masticatory loads in aggressive environment of the oral 
cavity. The quantity of crashes can be decreased through 
reinforcement of the denture base or avoided via production 
of prostheses with metal bases.
16. Inevitable attrition of artifi cial teeth of removable denture 
through time. This issue may lead to decrease in occlusion 
height, development of angular stomatitis and TMJD. Dynamic 
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dispensary observation of patients and timely production of 
new dentures are recommended for prevention of the above-
mentioned complication.
17. Possible absorption of microorganisms and food debris 
by denture bases. It is caused by imperfection of acrylic 
plastic as a prosthesis material. A secondary pathology 
(oral candidiasis) might form in denture-supporting tissue in 
nearest and later periods of denture usage. In this connection, 
application of special denture cleaning means is required as 
well as ultrasound denture cleaning and recurrent production 
of new dentures.
18. Deterioration of full removable denture fi xation and 
stabilisation with every subsequent denture treatment. It is 
caused by progressing alveolar ridge and jaw body atrophy 
and decline in anatomic-topographical conditions for 
production of orthopaedic constructions.
19. Full removable maxillary dentures made of acrylic plastic 
have palate thermal insulation properties. Thermal sensitivity 
during food intake is impaired, esophageal burns are 
possible as well as the “greenhouse effect” with subsequent 
development of oral candidiasis. This inconvenience can be 
eliminated through usage of removable prostheses with the 
metallic base.

Conclusion

Therefore, clinical success and functional effi cacy of full 
removable denture treatment does not only depend on the 

art of medicine and dental mastery but it is also largely 
contributed to by the dentist-orthopaedist’s competence 
in qualifi ed psychological preparation of a patient for quite 
complicated future orthopaedic treatment, abilities and 
practical skills of the specialist, personalised approach to 
stepwise guidance of a patient at complex and ambiguous 
adaptation stages of removable orthopaedic construction 
habituation.
The suggested algorithm of patient instruction regarding 
possible inconveniences they will inevitably face with 
after production of full removable dentures as well as its 
informational content are an effective tool for achievement 
of fi nal useful effect of orthopaedic treatment for completely 
edentulous patients using removable orthopaedic 
constructions.
Availability of the list of diffi culties on the path of adaptation 
to full removable dentures formed on the basis of practical 
experience makes it possible for a practicing dentist-
orthopaedist act confi dently at the patient psychological 
preparation stage and the leafl et guide issued to the patient 
who puts the confi rmation signature in dental out-patient 
record is an effective law tool for prevention of confl ict 
situations in a dental hospital.
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SPONTANEOUSLY RESOLVED VENTRICULAR 
FIBRILLATION AND VENTRICULAR 
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CASE)
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Abstract
Different heart rhythm disorders occur in almost all patients with myocardial infarction (MI). Arrhythmias in setting 
of MI are caused by electrical instability of myocardium as a result of metabolic and microcirculatory disorders. 
However, the presence of even severe heart rhythms disorders does not provide a basis for diagnosis of arrhythmic 
MI. In arrhythmic variant of infarction heart rhythm disorders and associated symptoms should prevail in clinical 
presentation. Supra ventricular or ventricular paroxysmal tachycardia, less often atrial fi brillation or fl utter, and high 
degree AV block are registered most commonly. Pain may be absent or slight. Loss of consciousness is possible, due 
to cerebral blood circulation disorder. Arrhythmic variant may be accompanied by acute heart failure or signifi cant 
arterial hypotension, up to arrhythmogenic shock. This variant of MI often occurs in older people who have anamnesis 
of structural heart diseases. In MI patients, reduction of cerebral blood circulation due to tachyarrhythmia and 
hypotension can cause ischemic stroke.
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Medical University

74

Introduction

Generally, arrhythmic variant of MI proceeds as paroxysmal 
supraventricular tachycardia, episodes of ventricular 
fi brillation, atrial fi brillation, high-grade atrioventricular block. 
Pain may not be presented after resolving of heart rhythm 
disorders. But arrhythmogenic cardiogenic shock often occurs 
and mortality is high. The arrhythmic variant of MI can lead to 
signifi cant deterioration of the brain circulation. Neurological 
symptoms are often considered as a cerebral variant of MI. 
But in reported case cerebral symptoms should be regarded 
as manifestations of the arrhythmic variant of MI.

Case report

The patient M., 60 years old, male, was admitted to the 
I.I. Djanelidze Institute of Emergency medicine with 
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complaints for acutely developed syncope. Day before 
hospitalization the patient lost consciousness, duration of 
the episode was 5 minutes, relatives called ambulance, 
the patient was hospitalized to the Institute. At admission 
the patient didn’t have any complains. ECG showed sinus 
rhythm, negative T-waves in inferior LV wall. Laboratory 
tests: hemoglobin - 175 g / l, erythrocytes  - 5.0 x 1012 / l, 
leukocytes - 10.2 x 109 / l, creatine phosphokinase - 295 
units / l, aspartate aminotransferase - 69 units / l, alanine 
aminotransferase - 47 units / l, troponin T - 0, 11 ng / ml. 
De Ritis coeffi cient was  1.46, Grace scale’s Risk - 99 
points (low risk, probability of death in hospital less than 
1%). The patient was diagnosed inferior NSTEMI. Therapy 
was prescribed according to the appropriate guid-lines. 
Coronary angiography was performed, stenosis in the 
distal part of right coronary artery (RCA) was detected 
(Figure 1). Then this artery was stented.
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To identify possible rhythm disturbances and conduction 
disorders, daily ECG was performed. On 14-th day, 
it revealed 8 single supraventricular extrasystoles, 1  
paired supraventricular extrasystole, at night; 66 single 
ventricular polymorphic extrasystoles, single late ventricular 
extrasystoles - 6 in the afternoon and 2 at night. Sino-atrial 
block with R-R 2476 ms at night. During physical exertion life-
threatening heart rhythm disturbances occured sequentially 
under appearance of signifi cant ST segment depression 
(Figure 2), followed by VT «pirouette» type (Figure 4), 
which passed into VF (Figure 5) replaced by asystole which 
lasted 3304 ms (Figure 6). Then there was a short recurrent 
VT  transformed to atrial fi brillation (AFib) with ST segment 
elevation (Figure 7), then recurrent asystole 40 seconds. 
After that ventricular extrasystole was recorded, followed 
by a asystole lasted  5554 ms (Figure 8). Then, a single 
sinus complex paroxysm of AFib with ST segment elevation 
(Figure 9), several times interrupted by episodes of unstable 
VT (Figure 10). After that, an episode of slipping ventricular 
complexes was recorded on the background of the 3-degree 
AV block, and after a pause which lasted 6328 ms arose a 
single sinus complex followed by ventricular extrasystole and 
a pause 3750 ms (Figure 11). Then there was an unstable 
sinus rhythm, followed by VT 153 beats per minute, after 
which slipping ventricular contractions were again registered 

with atrioventricular block grade 3 with pause which lasted 
6328 ms, then sinus contraction and unstable VT 153 bpm, 
subsequent pause 3437 msec due to subtotal AB block 2nd 
degree (Figure 12) and episode of AV block 2nd degree with 
3: 1 conduction and heart rate 26 per minute, during which 
there were high T-waves (Figure 13). Then - a short episode 
of AV block with pause 4429 ms (Figure 14, again VT with VR 
99 beats/min (Figure 15), which was replaced by sinus rhythm 
with intraventricular block and transient complete LBBB 
(Figure 16). High-amplitude T waves changed to  deep ST 
segment depression. Then normal intraventricular conduction 
restored, but ST –segment depression and T waves inversion 
persisted (Figure 17). Total time of cardiac arrest was 3 
minutes and 20 seconds. The patient fell down and beated 
the chest on the steps. Medical staff found the patient in
consciousness, without any neurological defi ciency and 
delivered the patient to the CCU. The patient had no any 
complaints. Laboratory tests immediately after event : 
hemoglobin - 135 g / l, erythrocytes - 4.46 x 1012 / l, leukocytes 
6.5 x 109 / l, creatine phosphokinase 205 units / l, aspartate 
aminotransferase - 52 units / l, alanine aminotransferase - 60 
units / l, troponin 0.18 ng / ml. De Ritis coeffi cient is 0.86. 
Grace scale - 147 points (high risk, probability of death in the 
hospital - more than 3%). The patient was underwent coronary 
angiography revealed stent restenosis and re-stenting of the 

Figure 1. Stenosis in the distal RCA
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distal RCA “stent in stent” has been undertaken. On 15-th 
day after event the patient was discharged to home with fi nal 
diagnosis “ Recurrent inferior NSTEMI” rhythm disorders did 
not occurred till discharge. 

Figure 2. Severe depression of ST segment.

Figure 3. Paroxysm of ventricular tachycardia.

Figure 4. Ventricular tachycardia “Torsades de Pointes”.

Along with conservative therapy, the patient was recommended 
to install an implantable cardioverter-defi brillator. His follow-
up is unknown.
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Figure 5. Ventricular fi brillation.

Figure 6. The episode of asystole 3304 ms

Figure 7. Ventricular tachycardia and atrial fi brillation with ST elevation
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Figure 8. Episode of asystole with single slipping contractions and appearance of a single sinus complex

Figure 9. Paroxysm of atrial fi brillation with ST elevation
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Figure 10. Episodes of unstable ventricular tachycardia

Figure 11. Episode slipping ventricular contractions AV-block III, and after pause 6328 ms there was a single sinus complex, accompanied 
by ventricular extrasystole and a pause 3750 ms

Figure 12. A pause 3437 ms on the background of a 2-degree AV block with single sinus complexes and subsequent single ventricular 
extrasystole
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Figure 13. Episode of AB block 2 degree 3: 1 and VR 26 per minute,  with high T waves

Figure 14. A short episode of atrioventricular block 3rd degree with a pause of 4429 msec

Figure 15. Ventricular tachycardia with VR 99 beats / min
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Figure 16. Sinus rhythm restoration

Figure 17. Normalization of intraventricular conduction
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INTRAFAMILIAL INFECTION OF 
HELICOBACTER PYLORI: ABNORMAL 
GASTRIC EPITHELIAL CELLS, PEDESTAL-
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Abstract
Helicobacter pylori, one of the most prevalent human pathogens, colonizes the gastric mucosa and is associated with 
gastric diseases, such as gastritis and peptic ulcers, and is also a bacterial risk factor for gastric cancer. Cytotoxin-
associated gene A (CagA) protein, a major virulence factor of H. pylori, is phosphorylated in cells at its Glu-Pro-IIe-
Tyr-Ala (EPIYA) motif and is considered to trigger gastric cancer. CagA is classifi ed into two forms, Western CagA with 
EPIYA-ABC and East Asian CagA with EPIYA-ABD, with the latter associated with a high risk of developing gastric 
cancer. CagA causes morphological transformation of cells, yielding the “hummingbird” phenotype in AGS cells and 
possibly membranous pedestals in the gastric epithelium, albeit rarely. H. pylori adherence to the gastric mucosa 
is not yet fully understood. Here, we describe an intrafamilial infection case of H. pylori, focusing on the gastric 
epithelium, H. pylori adherence, and a gene mutation in a child with protein-losing gastroenteropathy (characterized 
by excessive loss of plasma proteins into the gastrointestinal tract). H. pylori, which also infected family members 
(mother and father), was genetically a single clone with the virulence genes of an East Asian type. The patient’ gastric 
mucosa exhibited some unique features. Endoscopy revealed the presence of protein plugs on the mucosal surface, 
which were immunoelectrophoretically similar to serum proteins. Electron microscopy revealed abnormal gastric 
epithelial cells, totally covered with the secretions or possessing small swollen structures and irregular microvilli. 
The patient’s H. pylori infection was characterized by frequently occurring thick pedestals, formed along adherent H. 
pylori. The serum protein level returned to normal and the protein plugs disappeared after the successful eradication 
of H. pylori, albeit with lag periods for healing. He had a mutation in the OCRL1 gene, associated with Dent disease 
(asymptomatic proteinuria). Thus, in the patient’s gastric mucosa, we found the abnormal gastric epithelial cells, 
which may be caused by an OCRL1 mutation or H. pylori, and pedestal-rich H. pylori infection, possibly caused by 
a higher level of action of CagA in the abnormal epithelial cells. The data suggests a novel H. pylori virulence factor 
associated with “excessive plasma protein release”.

Keywords
Helicobacter pylori • intrafamilial infection • protein-losing gastroenteropathy • protein plugs • eradication therapy • gastric epithe-
lial cell • pedestal • CagA • gastric cancer • OCRL1
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Introduction

Helicobacter pylori is a gram-negative, spiral-shaped 
bacterium with one to two turns along the axis, and has 
multiple (four to six) polar fl agella to facilitate marked motility 
[1-3]. H. pylori colonizes the gastric mucosal niche via an 
oral route, and for its establishment, high H. pylori motility 
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and urease activities are critical [4-6]. H. pylori is one of the 
most prevalent human pathogens with a long history related 
to the migration of mankind [7-9]. Transmission among 
family members, particularly mother-to-child, constitutes 
the core route of H. pylori infection, with children being at 
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a high risk [10-12]. Its infection is associated with gastritis, 
peptic ulcers, and mucosa-associated lymphoid tissue 
lymphoma, and is also a bacterial risk factor for gastric 
cancer [3, 10, 13, 14].
Among virulence factors of H. pylori, cytotoxin-associated 
gene A (CagA) protein, vacuolating cytotoxin A (VacA), and 
antigen induced by contact with epithelium (IceA) are the 
most noted in terms of a fully virulent type [15]. Regarding 
CagA protein, it is injected into the gastric epithelial cells 
through the type IV secretion system (encoded by cag 
pathogenicity island, cag PAI, carrying cagA and cagE) [16], 
resulting in phosphorylation of injected CagA protein at the 
Glu-Pro-IIe-Tyr-Ala (EPIYA) motifs [17-21], with this leading 
to cellular cytoskeletal rearrangements, abnormal cell growth 
and motility, and gastric cancer [14, 20, 22, 23].
The type and repetitions of the CagA EPIYA tyrosine 
phosphorylation motifs at the 3’-end refl ect geographic 
distribution and virulence (especially gastric cancer risk) [19, 
23]. Of the CagA EPIYA types, EPIYA-C is found in Europe, the 
USA, and Australia. Thus, CagA with EPIYA-C is designated 
Western CagA. EPIYA-D is found in East Asian countries in 
those at high risk for gastric cancer, and is designated as 
East Asian CagA. CagA EPIYA-AB is common; thus CagA 
EPIYA-ABC and -ABD are predominant Western CagA and 
East Asian CagA, respectively.
Cag A-induced cellular morphology (cytoskeletal 
rearrangement) has also been noted. In transformed gastric 
epithelial AGS cells, CagA protein causes the “hummingbird” 
phenotype [14, 22]. In the gastric mucosa (biopsy specimens), 
H. pylori often shows intimate adherence, appearing as 
membranous pedestal [24, 25] or ruffl e [11] formation, 
considered to be caused by CagA. Unique features of H. pylori 
adherence on the gastric mucosa also include a phenotype 
appearing as the shrinking of epithelial cells, surrounded by 
H. pylori (Supplementary Fig. S1). The mechanisms of H. 
pylori adherence on the human gastric mucosa are not yet 
fully understood. In this report, we describe an intrafamilial 
H. pylori infection case, focusing on the gastric epithelium, H. 
pylori adherence, and a gene mutation in a child (male) with 
protein-losing gastroenteropathy, a disease characterized by 
excessive loss of plasma proteins into the gastrointestinal 
tract [26-31].

Materials and Methods

Case
Gastric biopsy specimens were taken from members of a family 
living in Yokohama, Japan. The patient was a 5-year-old boy. 
Proteinuria was noted on a routine health examination at the 
age of 3 years, and he was diagnosed with idiopathic tubular 

proteinuria (Dent disease), which is caused by mutations of the 
CLCN5 and OCRL1 genes [32-34]. His paternal grandfather 
died of gastric cancer. On the day of admission, he was noted 
to have fever and edema of the eyelids and on the anterior 
aspect of the legs. Laboratory tests showed hypoproteinemia 
with hypoalbuminemia and hypogammaglobulinemia. Fecal 
α 1-antitrypsin clearance was increased, and technetium-
99m (99mTc) scintigraphy showed radionuclide excretion into 
the intestinal tract. Endoscopy revealed numerous protein 
plugs in the gastric body (Fig. 1). The protein plugs in the 
gastric body were extracted ebdoscopically and subjected to 
immunoelectrophoresis. The protein levels were 2,336.4 mg/
dL and exhibited a composition of albumin 48.0%, β-globulin 
16.9%, α1-globulin14.6%, α2-globulin12.8%, and γ-globulin 
7.7%, similar to serum levels. Thus, he was diagnosed with 
protein-losing gastroenteropathy. Histological examination 
using hematoxylin and eosin staining showed features of 
atrophic hyperplastic gastritis (chronic pangastritis) with 
lymphoid hyperplasia in the gastric body, gastric antrum, 
and duodenal bulb (Fig. 1). Cultures of the gastric antral 
mucosa were positive for H. pylori. H. pylori infection was 
successfully eradicated by two courses of triple therapy (two 
and three weeks with 3-week intervals) with clarithromycin 
(20 mg/kg/day), amoxicillin (50 mg/kg/day), and the proton 
pump inhibitor lansoprazole (1.5 mg/kg/day), according 
to Japanese guidelines [35]. The serum protein levels 
returned to normal one year later. At the age of 11 years, 
the fl uctuating levels of total serum protein and albumin were 
successfully maintained at 6.0 and 4.0 g/dL, respectively. 
The protein plugs decreased but persisted in the gastric body 
and gastric antrum six months after the eradication therapy 
(Fig. 2); however, at the age of 11 years, the protein plugs 
disappeared almost completely, but with some even 10 years 
after the eradication therapy. His 36-year-old father and 
32-year-old mother were asymptomatic H. pylori carriers, 
and endoscopically diagnosed with chronic gastritis. This 
study was approved by the Ethical Committee of the Hospital. 
Informed consent was obtained from the parents.

Media and bacterial growth
H. pylori was isolated from biopsy specimens by culturing 
at 37˚C in a microaerophilic atmosphere (10% O2 and 10% 
CO2) on H. pylori-selective plates containing trimethoprim, 
polymyxin B, vancomycin, and amphotericin B to inhibit 
the growth of microbes other than H. pylori (Nissui 
Pharmaceuticals, Tokyo, Japan). H. pylori was subcultured 
on 5% sheep blood agar (Becton Dickinson, Tokyo) and then 
stored at -80˚C.

Electron microscopy
Biopsy specimens of the gastric antrum were washed 
in saline, fi xed with 2.5% (vol/vol) glutaraldehyde, and 
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postfi xed in 1% osmium tetroxide. Samples were then 
dehydrated with ethanol. For scanning electron microscopy 
(SEM), dehydrated samples were then critical-point dried, 
coated with gold-palladium, and subjected to SEM [11]. 
For transmission electron microscopy (TEM), dehydrated 
samples were embedded in epoxy resin (EPOK812; 
Ouken, Tokyo), and cut with an ultramicrotome diamond 
knife, followed by staining with uranyl acetate and lead 
citrate [11].

Bacterial DNA isolation
H. pylori cells, grown in brain heart infusion broth containing 
10% fetal bovine serum, were suspended in 10 mM Tris-
HCl (pH 8.0) containing 1 mM EDTA and then lysed by the 
addition of sodium dodecyl sulfate (0.5%) and proteinase K 
(100 μg/mL). After treatment with cetyltrimethylammonium 
bromide (1% in the presence of 0.7 M sodium chloride) 
and subsequently with chloroform/isoamyl alcohol (24:1) 
and phenol/chloroform/isoamyl alcohol (25:24:1), DNA in 
the aqueous solution was precipitated with a 0.6 volume of 
isopropanol. The DNA was then rinsed with 70% ethanol 
and redissolved in 10 mM Tris-HCl (pH 8.0) containing 1 mM 
EDTA [11]. 

HindIII-digestion pattern analysis
Bacterial DNA was digested with HindIII and the digests were 
electrophoresed on 0.8% agarose gels with a 1-kb DNA ladder 
(Life Technologies, Gaithersburg, MD, USA), which was used 
as the molecular size standard. The gel was stained with 
ethidium bromide [11].

Plasmid analysis
Plasmid analysis was carried out essentially by a published 
method [36]. Plasmid DNA was analyzed by electrophoresis 
in 0.5% agarose gel with reference plasmid DNAs of known 
molecular size. The gel was stained with ethidium bromide.

Virulence gene analysis for H. pylori
H. pylori virulence genes, cagA, cagE, vacA (s/m types), 
iceA1, iceA2, and babA2, were analyzed by PCR using the 
primers listed in Table 1 [17, 37-40].

CagA EPIYA motif analysis
The CagA EPIYA motif region of the cagA gene was amplifi ed 
by PCR using the primers listed in Table 1 and the PCR 
products were sequenced [17, 19].

CLCN5 and OCRL1 gene analysis
Peripheral blood lymphocyte DNA from the patient (boy) and 
his mother was used for CLCN5 and OCRL1 gene analysis. 
The coding region and exon-intron boundaries were amplifi ed 
by PCR and the PCR products were sequenced [41, 42].

Motion analysis
H. pylori motility in a liquid layer of brain heart infusion broth 
containing 10% fetal bovine serum was examined under an 
inverted, phase-contrast microscope at 37˚C. The motility 
speed (μm/s) was measured using a motion analysis system 
with the program C-Imaging C-MEN (Complix Inc., PA, USA) 
[2, 43].

Results

Genetic features of H. pylori
Direct comparison of the HindIII-digests of H. pylori DNA 
revealed that all the H. pylori strains were very similar to each 
other (Fig. 3A, lanes 1 to 3), although the father’s strain was 
slightly divergent from the patient’s and mother’s strains. All 
H. pylori strains possessed the same cryptic plasmid with a 
size of 4.5 kb (Fig. 3B, lanes 2 to 4).
Next, the virulence genotypes of H. pylori were examined 
by PCR. All H. pylori strains exhibited the same genotype 
of cagA, cagE, vacA s1c/m1, iceA1, and babA2, which 
is a virulent genotype predominantly found in Japan and 
neighboring Asian counties [15, 37, 44].
The CagA EPIYA motif of all H. pylori strains was ABD, 
suggesting the East-Asian (virulent) type (Fig. 4) [17, 19, 
44]. Again, the CagA EPIYA motif B of the father’s strain was 
divergent by one amino acid residue from those of the patient 
and mother (Fig. 4B).
All H. pylori strains were highly motile, with the mean 
swimming speed being 70 to 80 μm/s [2, 43].

H. pylori adherence features in biopsy specimens
First, the patient’s biopsy specimens were analyzed. 
Regarding SEM, the surface of the gastric epithelial cells 
was nearly completely covered with secretions (Fig. 5A). 
Therefore, adherent H. pylori was only rarely seen on the 
gastric epithelium (Fig. 5B and C). The SEM study also 
revealed abnormalities of the patient’s gastric epithelial cells, 
possessing many small swollen structures (Fig. 5B) and 
irregular and long microvilli at the apical surface (Fig. 5B and 
C). These morphological features were in marked contrast to 
the parents’ gastric epithelial cells, as described below.
When analyzed by TEM, numerous H. pylori were observed 
on the mucosa; however, the manner of H. pylori adherence 
was unusual. Many H. pylori intimately attached to the gastric 
epithelial cells, and roughly 25% formed typical pedestals (or 
cups), i.e., thick membranous projections along the adherent 
H. pylori body (Fig. 6A to C). H. pylori also adhered to the 
microvilli of the epithelial cells (Fig. 6D).
Next, the mother’s biopsy specimens were analyzed. 
Regarding SEM, the gastric epithelial cells had regular and 
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short microvilli with H. pylori adherence (Fig. 7A and B). 
Regarding TEM, no typical pedestals were observed, with 
pedestal-like structures (small membranous projections 
attached to a part of the H. pylori body) being present rarely 
(Fig. 6C). Many H. pylori adhered to the gastric epithelial cells 
via fi laments (Fig. 7C) and microvilli (Fig. 7D).
Finally, the father’s biopsy specimens were analyzed. Regarding 
SEM, the gastric epithelial cells had regular and short microvilli 
with the most high-level H. pylori adherence among the family 
members (Fig. 8A and B). Regarding TEM, there were no typical 
pedestals, with pedestal-like structures being present rarely 
(Fig. 8C). Many H. pylori adhered to the gastric epithelial cells 
via fi laments (Fig. 8D) and microvilli (Fig. 7E).

CLCN5 and OCRL1 gene mutations
The patient’s and mother’s DNA samples were subjected to 
CLCN5 and OCRL1 gene mutation analysis. The patient’s 
OCRL1 gene had an Arg318Cys (codon CGC vs. TGC) 
mutation. The mother’s OCRL1 gene had no mutations. 
There were no mutations in their CLCN5 genes.

Discussion

In the present study, a 5-year-old boy was diagnosed with 
panchronic gastritis and protein-losing gastroenteropathy, 
endoscopically, histologically, and also by serum protein 
analysis and using 99mTc scintigraphy [26-31]. He was infected 
with H. pylori and had lymphoid hyperplasia and atrophy in the 
gastric mucosa. He also had the protein plugs on the gastric 
mucosa, which were immunoelectrophoretically similar to 
serum proteins.
H. pylori infection was successfully eradicated, and his 
symptoms on protein-losing gastroenteropathy returned 
to normal one year after H. pylori eradication, as has been 
reported by others [27-30]. The protein plugs on the gastric 
mucosa decreased, but persisted longer after H. pylori 
eradication.
H. pylori from the patient and his parents were genetically 
a single clone, suggesting intrafamilial transmission of H. 
pylori, including that between parents and parent-to-child 
transmission. The H. pylori exhibited an East Asian virulent 
genotype, which is a high risk for gastric cancer [15, 17, 19, 
37, 40, 44]. Since the patient’s paternal grandfather died of 
gastric cancer, the familial H. pylori may originate in their 
ancestors.
We investigated the gastric mucosa of the three family 
members by SEM and TEM, and found that the gastric mucosa 
of the patient with protein-losing gastroenteropathy was 
abnormal in terms of the gastric epithetial cells. The patient’s 
epithelial cells were totally covered with the secretions or had 

small swollen structures and irregular and long microvilli at 
the apical surface, in marked contrast to those of the parents.
On the abnormal gastric epithelium of the patient, H. pylori 
exhibited unusual adherence behaviors, in such a way that it 
showed signifi cant pedestal formation with thick membranous 
projections along the whole adherent H. pylori body. There is 
a possibility that H. pylori CagA PAI injects more CagA into 
the patient’s epithelial cells, resulting in the patient’s frequent 
and thick pedestals. If this hypothesis is correct, pedestal 
formation levels observed in biopsy specimens may refl ect in 
vivo CagA activity levels, triggering the progression to gastric 
cancer. Such H. pylori–induced typical pedestals as the 
patient’ case were not found in his parents’ mucosa, although 
“pedestal-like structures” were present.
His symptoms also met the criteria for Dent disease, that is a 
renal proximal tubular disorder characterized by low-molecular-
weight proteinuria, hypercalciuria, and nephrocalcinosis [32-
34]. Dent disease is caused by mutations in the CLCN5 gene or 
OCRL1 gene (which is known as a cause of Lowe syndrome) 
[32-34]. Therefore, we investigated the CLCN5 and OCRL1 
genes of the patient and his mother for mutations, and found 
that the patient (but not his mother) had an Arg318Cys (codon 
CGC vs. TGC) mutation in the OCRL1 gene; this mutation 
is found in less than 10% of Dent disease patients. Thus, 
the patient’s abnormal epithelial cells may be caused by an 
OCRL1 mutation or by H. pylori infection.
We suggest that thick pedestal formation, frequently occurring 
in the abnormal epithelial cells, is a CagA-associated event. 
However, protein-losing gastroenteropathy and the protein 
plugs (and also the abnormal gastric epithelial cells) may 
not be explained by previously published H. pylori virulence 
factors, suggesting a novel H. pylori virulence factor/toxin 
(X) associated with “excessive loss of plasma proteins into 
the gastrointestinal tract”. Further studies are required for 
better understanding of protein-losing gastroenteropathy.
Finally, when we analyzed H. pylori strains, isolated from 
Vladivostok, Russia, the most prevalent type were cagA 
(EPIYA-ABC)/vacA (s1/m1), suggesting a Western type [44]; 
no cagA (EPIYA-ABD) was detected. This was in marked 
contrast to H. pylori strains from East Asia including China, 
Korea, and Japan, where cagA (EPIYA-ABD) is predominant 
[18, 19, 23]. The predominance of a Western cagA type in 
Vladivostock was considered to be due to large population 
migration from European/Central Russia (or Eastern Europe) 
to Far Eastern Russia for 200 years [44].

Conclusion

In an intrafamilial infection from an East Asian virulent type 
of H. pylori, a boy (patient) suffered from protein-losing 
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gastroenteropathy. His gastric mucosa had the protein 
plugs, abnormal epithelial cells, and H. pylori-induced typical 
membranous pedestals. H. pylori infection was successfully 
eradicated, with healing of protein-losing gastroenteropathy 
and the protein plugs, albeit with lag periods. He had a mutation 
in the OCRL1 gene, which may be related to his gastrointestinal 
disease. We consider that the patient’s pedestal formation 
is a CagA-associated event, with a high CagA action in the 
abnormal epithelial cells. Protein-losing gastroenteropathy 
and the protein plugs (and also abnormal epithelial cells) may 
be caused by an unknown virulence factor (toxin) of H. pylori. 
Pedestal formation levels in biopsy specimens may serve as a 
risk marker for potential progression to gastric cancer.
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Table Captions

Table 1. Primers used for the PCR assaying of H. pylori virulence genes 

Primer
(F/R set) Primer sequence (5’→3’) Product

size (bp)
Target/
application Reference

CAGAF/ GATAACAGGCAAGCTTTTGAGG 349 cagA 37

CAGAR CTGCAAAAGATTGTTTGGCAGA

CAGEF/ TGCTGATACGATTAGAGA 127 cagE 37

CAGER TAGTCCCTTAGTGATGAT

GAG1(F)/ ACCCTAGTCGGTAATGGGTTA Variable cagA EPIYA 17

CAG2(R) GTAATTGTCTAGTTTCGC motif analysis

GAG1(F)a/ ACCCTAGTCGGTAATGGGTTG Variable cagA EPIYA This study

CAG2(R)a GTAATTGTCCAATTTCGC motif analysis

GAG1(F)b/ GGAACCCTAGTCGGTAATG Variable cagA EPIYA This study

CAG2(R)b ATCTTTGAGTTCATCTATCT motif analysis

iceA1F/ GTGTTTTTAACCAAAGTATC 247 iceA1 37, this study

iceA1R CTATAGCCAGTCTCTTTGCA

iceA2F/ GTTGGGTATATCACAATTTCA 229/334 iceA2 37, this study

iceA2R TTACCCTATTTTCTAGTAGGT

babA2F/ AATCCAAAAAGGAGAAAAAGTATGAAA 832 babA2 38

babA2R TGTTAGTGATTTCGGTGTAGGACA

VA1-F/ ATGGAAATACAACAAACACAC 259 vacA s1 37, 39

VA1-R CTGCTTGAATGCGCCAAAC

VA1-F/ ATGGAAATACAACAAACACAC 286 vacA s2 37, 39

VA1-R CTGCTTGAATGCGCCAAAC

SS2-F/ GCTAACACGCCAAATGATCC 199 vacA s2 39

 VA1-R CTGCTTGAATGCGCCAAAC

SS1-F/ GTCAGCATCACACCGCAAC 190 vacA s1a 39

 VA1-R CTGCTTGAATGCGCCAAAC

S1A-F/ TCTCGCTTTAGTAGGAGC 212 vacA s1a 37, this study

VA1-R CTGCTTGAATGCGCCAAAC

SS3-F/ AGCGCCATACCGCAAGAG 187 vacA s1b 37, 39

VA1-R CTGCTTGAATGCGCCAAAC

S1C-F/ CTCGCTTTAGTAGGGCTA 213 vacA s1c 37, this study

VA1-R CTGCTTGAATGCGCCAAAC

VAG-F/ CAATCTGTCCAATCAAGCGAG 570 vacA m1 37

VAG-R GCGTCTAAATAATTCCAAGG

VAG-F/ CAATCTGTCCAATCAAGCGAG 645 vacA m2 37

VAG-R GCGTCTAAATAATTCCAAGG

VA4-F/ GGAGCCCCAGGAAACATTG 352 vacA m2 39

VA4-R CATAACTAGCGCCTTGCAC

Note: for cagA EPIYA motif analysis, PCR products were sequenced. VacA activity levels of vacA signal and mid-region (s/m) types: s!/m1, 
high producers; s1/m2, moderate producers; s2/m2, no producers [39,40].
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Figure Legends

Figure 1. Endoscopic images of the gastric body (A), gastric antrum (B), and duodenal bulb (C), and histologic examination of the gastric 
body (D), gastric antrum (E), and duodenal bulb (F) of a 5-year-old boy with protein-losing gastroenteropathy. The arrow in (A) points to the 
protein plugs; arrows in D to F point to lymphoid hyperplasia.
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Figure 2. Endoscopic images of the gastric body (A) and gastric antrum (B) six months after Helicobacter pylori eradication therapy. Arrows 
point to protein plugs.
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Figure 3. Bacterial DNA (A) and plasmid (B) analyses of familial Helicobacter pylori strains. In (A), bacterial DNA was digested with HindIII; 
the asterisk indicates a DNA band of the father’s digestion pattern divergent from the patient’s and mother’s digestion patterns. Unrelated, 
H. pylori data from a 5-year-old child unrelated to the patient’s family. 
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Figure 4. CagA protein Glu-Pro-IIe-Tyr-Ala (EPIYA) motif analysis for familial Helicobacter pylori strains. (A) The EPIYA motifs of the 
Western and East Asian types are from reference [17,19]. In (B), the EPIYA motifs of the patient’s and parents’s H. pylori cagA are the same 
EPIYA-ABD. However, the family’s H. pylori cagA commonly possessed two divergent amino acid residues (Q in motif A and S in motif B, 
shown in blue), compared with those shown in (A); and the father’s H. pylori cagA EPIYA motif was divergent from the patient’s and mother’s 
motifs by one amino acid residue (T in motif B, shown in red).
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Figure 5. Scanning electron micrographs showing the gastric mucosa and Helicobacter pylori adherence in the patient with protein-losing 
gastroenteropathy. (A) An arrow points to a gastric epithelial cell, totally covered with secretions. (B) The arrow points to adherent H. pylori; 
the arrowhead points to an abnormal gastric epithelial cell with small swollen structures at the apical surface. (C) The arrow points to adher-
ent H. pylori; the arrowhead points to the unusually irregular and long microvilli of a gastric epithelial cell.
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Figure 6. Transmission electron micrographs showing Helicobacter pylori adherence to the gastric epithelial cells in the patient with protein-
losing gastroenteropathy. (A) Two H. pylori adhere to q gastric epithelial cell, both demonstrating typical pedestal formation. (B) A higher 
magnifi cation of (A). The arrow points to a thick membranous pedestal, formed along the H. pylori body. (C) A higher magnifi cation of (A). 
The arrow points to a thick membranous pedestal, formed along the whole body of adherent H. pylori. (D) H. pylori adheres to the microvilli 
of a gastric epithelial cell. Hp, H. pylori; MV, microvilli.
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Figure 7. Scanning electron (A, B) and transmission electron (C, D) micrographs showing H. pylori adherence to a gastric epithelial cell in 
the mother. (A, B) H. pylori adheres to the gastric epithelial cells with the regular and short microvilli. (C) The arrow points to the membra-
nous pedestal attached to a part of the adherent H. pylori body (“pedestal-like structure”). H. pylori also adheres to a gastric epithelial cell 
via fi laments, as pointed out by the arrowhead. (D) H. pylori adheres to the microvilli of a gastric epithelial cell. Hp, H. pylori; MV, microvilli.
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Figure 8. Scanning electron (A, B) and transmission electron (C to E) micrographs showing Helicobacter pylori adherence to the gastric 
epithelial cells in the father. (A, B) Numerous H. pylori adhere to a gastric epithelial cell with regular and short microvilli. (C) The arrow points 
to the membranous pedestal attached to a part of the adherent H. pylori body (“pedestal-like structure”). (D) H. pylori adheres to a gastric 
epithelial cell via fi laments, as pointed out by the arrowhead. (E) H. pylori adheres to the microvilli of a gastric epithelial cell. Hp, H. pylori; 
MV, microvilli.
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Supplemental data

Fig. S1. Scanning electron micrograph showing shrinking of a gastric epithelial cell, surrounded and attacked by many “aggressive” or 
“dancing” H. pylori. Each structure is pointed to by symbols: arrow, a shrinking gastric epithelial cell, with attached H. pylori; arrow with aster-
isk; H. pylori; arrowhead, the microvilli of a neighboring epithelial cell; arrowhead with asterisk, swollen membranous structures on epithelial 
cell. H. pylori on the left side has fl agella.
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Abstract
The article is a topical literature review of the place of percutaneous coronary interventions in the structure of 
elective revascularisation procedures, preoperative preparation of patients with stable ischaemic heart disease 
before percutaneous coronary intervention, the prospects of the technique, taking into account the latest advances 
in intervention cardiology (intravascular methods for assessing the hemodynamic signifi cance of stenosis, drug 
eluting stents).  Modern data of the early and long-term results of percutaneous coronary intervention are presented, 
the predictable potentially modifi able risks of adverse events are described, and ways to correct them are discussed. 
The results of randomised studies comparing the effectiveness of different approaches for managing patients with 
stable coronary heart disease (medical therapy, percutaneous coronary intervention) are presented, and prospects 
for using new drugs to improve the early and late outcomes of endovascular revascularisation are discussed.

Keywords
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Introduction

Cardiovascular diseases hold the leading position in the 
structure of morbidity in employable population. Ischaemic 
heart disease is a widely spread cardiovascular pathology 
and optimisation of guidance for such patients is relevant to 
practical healthcare in the whole world. Development and 
wide introduction of less invasive coronary artery blood fl ow 
restoration methods and elimination of myocardial ischaemia 
symptoms facilitates maintenance of the patients’ quality of 
life. These methods do not have long-term restoration periods 
and are associated with fewer postoperative complications in 
comparison with open surgery.
Percutaneous coronary interventions (PCI) play an important 
role in the structure of elective revascularisation procedures. 
The less invasive method of myocardial perfusion restoration 
signifi cantly improves the quality of life of patients with stable 
ischaemic heart disease. At the present time, it appears 
relevant within the framework of practical healthcare to 
draw attention to high-quality preoperative preparation of 
patients with stable ischaemic heart disease (IHD) before 

Corresponding author: A. Kochergina

E-mail: noony88@mail.ru

PCI. According to literature data, distinct negative infl uence 
on development of early and delayed complications 
after PCI may be exerted by such potentially modifi able 
factors as arterial blood pressure, the level of lipoproteins, 
glycaemia, presence of renal dysfunction as well as active 
smoking and excess body weight. However, a substantial 
part of patients hospitalised for elective PCI fail to achieve 
target levels of secondary prevention. According to data 
from different research,  up to one half of patients referred 
to revascularisation do not receive prescribe treatment 
including not taking statins. Less than one half of individuals 
receiving optimal medical therapy reach its goals: persistent 
arterial blood pressure normalisation, a normal level of lipids, 
control over the glycaemia level in case of diabetes mellitus. 
Only a small number of patients with excess body weight 
demonstrate successful attempts to normalise it, a small part 
of patients cease smoking. 
Effi cacy of PCI as well as risk of complications during 
the procedure are directly associated with the quality of 
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preoperative preparation of patients. Studying issues of 
preoperative guidance optimisation for stable IHD patients 
and development of a method for PCI patient preoperative 
preparation that would be functional and implementable in 
routine practice could signifi cantly improve short-term and 
long-term outcomes of the procedure.

The place of elective percutaneous coronary inter-
ventions in the structure of revascularisation pro-
cedures. Feasibility and prospects of the method

According to reported data, there was a stable trend toward 
growth in the total number of PCI preformed in the Russian 
Federation in 2018 [1]. The share of PCI in the structure 
of revascularisation operations is expected to grow due to 
increasing revascularisation availability for patients featuring 
elevated risk associated with open surgery (comorbidities, 
advanced and senile age).
In stable progression of IHD, persistence of myocardial 
ischaemia symptoms despite optimal medical therapy (OMT), 
as well as improvement of the prognosis, is an indication for 
myocardial revascularisation (PCI of coronary artery bypass 
grafting (CABG)) [2]. It has been proved in a number of 
studies that myocardial vascularisation has advantages over 
OMT in the aspect of angina symptoms severity, the need 
for antianginals, the increase in physical exercise tolerance 
(ET) and general improvement of quality of life [3]. Numerous 
studies devoted to comparison of the two revascularisation 
methods (PCI and CABG) in regard to frequency of major 
cardiovascular events and myocardial infarction (MI) 
development, the necessity for repeat revascularisation 
leads to two main conclusions [4-11]. The fi rst on lies in the 
fact that PCI does not provide signifi cant improvement of 
survivability and decrease in the number of MI during stable 
IHD progression notwithstanding the type of stents used. The 
second one lies in the fact that survivability improvement 
and decrease in the number of MI was demonstrated after 
CABG. However, the pronouncement of its effect depends 
on the initial coronary bed lesion severity and, probably, on 
presence of concomitant diabetes mellitus (DM). In particular, 
it is recommended for patients with the three-vessel disease 
and concomitant DM to undergo CABG (evidentiality class 
I, evidentiality level A) [12], as well as for patients with the 
coronary bed lesion severity >22 according to the Syntax 
score (evidentiality class I, evidentiality level A) [12].
Stephan Windecker from Bern hospital notes that myocardial  
revascularisation is one of the most researched aspects 
counting over 20 randomised clinical studies comparing open 
and endovascular approaches, the total number of patients 
enrolled amounted to over 15,000. Summarising the available 

data, it is possible to draw a conclusion that the differences 
between the two methods regarding the frequence of repeat 
vascularisation are not eliminated through application of drug-
eluting stents (DES) [13]. The SYNTAX score remains the best 
tool to choose an optimal tactic for patients with multi-vessel 
disease, stenosis of the left coronary artery (LCA) and DM 
[12]. Daniel Thuijs presented results of the SYNTAXES study 
at the TCT congress in autumn 2018. Decadal results of 3/4 
patients enrolled in the SYNTAX study available for analysis 
at this term of observation were evaluated. During the 10 
years of observation, the following values were registered in 
1301 patients in CABG and PCI groups: overall death-rate: 
25.6% vs 29.4%, respectively, p = 0.11; in the group with the 
left main coronary artery lesion: 29.7% vs 31.9%, p = 0.43; in 
the three-vessel disease group, it was 21.9% vs 29.2%, p = 
0.007, especially in high-index SYNTAX patients. In the group 
of patients with diabetes, lethality amounted to 36.6% after 
CABG and 39.4% after PCI, p = 0.45 [14]. The presented data 
suggests that endovascular approach to revascularisation in 
case of stable IHD may have long-term results comparable to 
such of the CABG surgery. The latest data make it possible to 
concern the PCI method as comparable with open myocardial 
revascularisation  for patients with stable IHD in a number 
of clinical cases given modern technological equipment and 
objectivation of data with instrumental data.
Despite PCI being a minimally invasive procedure and having 
lesser perioperative risks in comparison with open cardiac 
surgery interventions, we must strive to maintain the patient’s 
state as satisfactory as possible not only from the clinical 
standpoint (chronic heart failure (CHF) compensation) but 
also in terms of secondary prevention of cardiovascular 
events (achievement of target arterial blood pressure 
indicators, lipidogram normalisation) before an elective 
revascularisation procedure.
Preparation of a patient to elective PCI must include comorbidity 
correction and evaluation of possible contraindications to the 
intervention. In daily practice, the latter are erosive-ulcerative 
lesions in the gastrointestinal tract and, as a consequence, 
contraindications to undergoing dual antiplatelet therapy. 
Additionally, renal function assessment (the risk of acute 
kidney injury due to contrast injection) is given attention.
Patients with indications to myocardial revascularisation have 
elevated risk of adverse ischaemic events within the period 
of waiting for the procedure. Thus, according to the meta-
analysis data, one patient from eighty dies in three months 
while being on the CABG “patient list”. The optimal waiting 
time before the operation is a period not exceeding 6 weeks 
which, in a number of cases (high functional class of angina, 
LCA lesions, three-vessel disease, systolic dysfunction), 
must be limited down to 2 weeks [15].
While advantages of PCI over the conservative approach 
are obvious in case of acute coronary syndrome (ACS), 
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effects of PCI on the clinical picture of angina and hard end 
points for patients with stable IHD are widely discussed. 
Data from the COURAGE study stating that PCI does not 
have advantages over OMT in relation to decrease in the 
risk of death, MI and other major cardiovascular events 
were published for a long time. However, a detailed analysis 
of the protocol and enrollment criteria makes it clear that it 
is incorrect to extrapolate these results on all patients [16]. 
Thus, according to the published results, the participants of 
the study throughout the whole observation featured target 
values of arterial blood pressure, lipids and the DM group 
had the level of glycated haemoglobin at approximately 7%. 
In other words, the “portfolio” of the study participant was 
different from patients in daily practice.
Since 2017, the ORBITA (ClinicalTrials.gov Identifi er: 
NCT02062593) study results renewed the discussion 
regarding feasibility of choosing PCI as a revascularisation 
method for patient with stable IHD [17, 18]. Scientists from 
the UK performed a comparison between effects of elected 
PCI with application of DES and OMT on ET. A total of 
230 patients with stable IHD and one-vessel disease with 
stenosis equal to or over 70% were enrolled into the trial. All 
participants underwent ET assessment and were randomised 
into 2 groups: patients in group 1 received PCI with DES 
while patient in group 2 received “imitation” of intervention. 
After 6 weeks, all patient underwent repeat ET assessment. 
It was discovered that there was no difference in terms of 
ET between the two groups [17, 18]. However, by analogy 
to the COURAGE study, the data obtained should not 
be unambiguously interpreted as the advantage of OMT 
over PCI. ET improvement in patients demonstrated  in 
the ORBITA study against the background of high-quality 
OMT is to be understood as a reminder about clinical 
importance of correction for all modifi able cardiovascular risk 
factors (RF) before elective interventions. Apart from that, 
personifi ed evaluation of delayed cardiovascular mortality 
for patients with precursory PCI must promote RF correction 
programme development, improvement of observation for 
high-risk patients, the patients’ motivation enhancement 
and justifi cation of application of more intensive schemes of 
secondary prevention in the preoperative period and after 
performance of the intervention [19].
The FAME 2 study aimed at scientifi c justifi cation for 
recommendations regarding the PCI performance strategy 
based upon assessment of the fractional fl ow reserve (FFR) 
for all functionally signifi cant stenoses. Among 1220 patients 
with angiographically signifi cant   stenoses, individuals with 
at least one functionally signifi cant stenosis (FFR ≤ 0.80) 
were identifi ed and consequently randomised into a PCI 
subgroup with FFR+OMT and a subgroup undergoing OMT 
only. Primary end points of the study were death, MI and the 
necessity of emergency revascularisation.

The amount of the randomised patients totalled 888 (447 in 
the PCI group and 441 in the OMT group). The frequency of 
end points in the PCI group was lower than in the OMT group 
(13.9% vs 27.0%; risk ratio, 0.46; 95% confi dence interval 
0.34-0.63; р < 0.001) after 5 years of observation.
In general, the study proved that PCI with stenosis functional 
signifi cance evaluation in the setting of stable IHD have 
advantage over OMT in terms of deaths, MI, emergency 
revascularisations in fi ve years of observation [20].
It follows from the aforesaid that the combination of PCI 
with OMT has the largest clinical and prognostic effects 
on treatment results. Optimal PCI result may be expected 
in cases when indications to treatment are objectivised 
(including application of ischaemia verifi cation methods) and 
the patient is assigned personalised medication.

Modifi able risks before elective PCI: prognostic 
signifi cance of medical therapy in the period of pre-
operative preparation

Patients with indications to myocardial revascularisation, 
notwithstanding the choice of its method, must receive 
medical therapy according to recommendations of the 
European Society of Cardiology due to its confi rmed 
promotion of symptom reduction and prognosis improvement 
[3]. Procedures aimed at lifestyle change and secondary 
prevention goals achievement  (monitoring of arterial blood 
pressure (ABP), lipids, glycaemia, smoking cessation, 
weight normalisation) must begin before revascularisation 
and continue actively after the intervention [2]. All stable 
patients with an established IHD diagnosis are indicated 
for annual control of lipid, blood creatinine and glucose 
metabolism levels (class 1, level C). Use of aspirin, 
statins and angiotensin-converting enzyme inhibitors are 
recommended as medical therapy aimed at prevention of 
adverse events (class 1, level A).
Lipid exchange impairment is an undisputed factor of 
cardiovascular risk as well as an irreplaceable predictor of 
both early and delayed complications. Monitoring of the level 
of low-density lipoproteins (LDL) plays an important role in 
decrease of these risks [21]. According to modern guidelines, 
IHD patients must intake statins (class of recommendations 
1, level A) and achieve the target level of LDL [2]. Prescription 
of statins is a fairly simple, available and at the same time 
effective way to improve intervention results during the 
period of the patient’s preparation for revascularisation. It 
has been shown that statins produce their protective effects 
not only by lowering the level of lipoproteins but also through 
their pleiotropic action that includes anti-infl ammatory, anti-
aggregatory impact, stabilisation of atherosclerotic plaques 
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and endothelial function improvement [22]. Use of statins 
before CABG exerted preventive effect on postoperative 
cognitive dysfunction [23], and safe cognitive status, in turn, 
facilitated higher adherence to treatment [24]. It has been 
shown that statin therapy prior to PCI also renders positive 
effect on the prognosis of patients with stable angina [25].
Protective humoral action of statins in the group of patients 
with DM type 2 was studied within the framework of the 
ANDROMEDA study [26]. The results the study that enrolled 
509 patients receiving 10-20mg atorvastatin or 10-20mg 
rosuvastatin during 16 weeks demonstrated comparable 
decrease in the level of highly sensitive C-reactive protein 
despite a more pronounced hypolipidemic effect of 
rosuvastatin. The COMETS study demonstrated analogical 
results [27]. The CARDS study [28], within the framework 
of which the effect of 10mg/day on the combined endpoint 
including death, nonfatal MI, hospitalisation with progressive 
angina, repeat revascularisation and brain stroke, showed 
that patients with DM type 2 had the frequency of adverse 
events in patients who received statin was 5.8% while that in 
the placebo group amounted to 9.0% (р=0.001) [29].
Effects of statin therapy in the preoperative period for PCI 
patient has been evaluated in a number of studies. In the 
ARMYDA study, patients (n=153) were randomised into the 
group with 40mg/day atorvastatin intake and the placebo group 
7 days prior to elective PCI. The frequency of perioperative 
MI was 5% among patients receiving atorvastatin one week 
prior to PCI and 18% in the placebo group (р=0.025) [30]. 
The NAPLES (Novel Approaches for Preventing or Limiting 
Events) study, which enrolled 668 patients, had a slightly 
different design. That study prescribe a higher dosage of 
atorvastatin – 80mg/day, randomisation was performed one 
day prior to PCI, the control group continued the earlier-
prescribed therapy and the frequency of perioperative MI 
totalled 9.5% and 15.8%, respectively (risk ratio 0.56; 95% 
confi dence interval: 0.35-0.89; p=0.014) [31, 32]. In 2018, 
a collective of Irish scientists undertook an effortto stuy 
effects of postoperative statin therapy with increase dosage 
(120mg) for achievement of maximum protective effect. The 
study enrolled 207 patients randomised iinto 2 subgroups: 
subgroup A (80mg/12hrs atorvastatin with additional 40mg 
atorvastatin 2 hours prior to the procedure) an subgroup B 
(40mg/day atorvastatin in the regular mode). Preparation 
effi cacy was evaluated by the frequency of perioperative MI 
through measurement of highly sensitive troponin T. As a 
result, the frequency of perioperative MI amounted to 5.2% in 
the group of patients receiving 120mg atorvastatin and 10.9% 
in the group of 40mg atorvastatin intake. However, due to a 
small sample, no statistical validity was acquired [33].
Simultaneously with the possibility of reliable decrease in 
perioperative MI, application of statins has nephroprotective 
effect. Usage of 40mg/12hrs rosuvastatin is associated 

with reliably less pronounce increase of serum creatinine 
and cystatin C within the fi rst day after the contrast X-ray 
intervention [34-36]. Understanding of cardiorenal interactions 
makes it possible to conclude that the function of kidneys – 
or, to be precise, their dysfunction – could be considered 
as a free-standing factor of cardiovascular risk. PCI as a 
method guided by injection of X-ray contrast preparations 
is by itself an acute kidney injury (AKI) risk factor. Contrast 
injection increases production of endothelin and adenosine 
which leads to vasoconstriction as well as increase of calcium 
concentration in cells. Decrease in renal blood fl ow leads 
to kidney injury through oxidative stress activation, osmotic 
nephrosis development in tubules and ischemia in exterior 
parts of renal medulla. Despite the fact that, in present, the 
only pathogenetically justifi ed method of AKI prevention and 
treatment is adequate hydration, a number of authors has 
been developing ways to decrease AKI risk by means of 
medical preparations: prescription of 40mg/day rosuvastatin 
during 7 daysprior to and 3 days after elective PCI lead to 
revealing AKI in only 2 patients (5.88%) and in 12 patients 
(27%) in the control group, p=0.04. Within the period of 48 
hours after elective PCI, the control group showed growth 
of creatinine, cystatin C and NGAL, decrease in calculated 
GFR which pointed to persistence of pathological processes 
in the renal parenchyma. Therewith, no statistically signifi cant 
differences in kidney damage markers and calculated GFR 
were registered in patients who had received high doses of 
rosuvastatin [37].
Evaluation of individual AKI risk is obligatory (evidentiality 
class I, evidentiality level C) and it is also recommended for 
patients medicated with metformin to undergo evaluation of 
renal function immediately after contrast X-ray intervention 
(evidentiality class I, evidentiality level C) [3, 19].
Intake of 75-150mg/day aspirin is recommended to all patients 
with established IHD as it has a proved effect in relation to 
the prognosis (evidentiality class I, evidentiality level A) [2]. 
For all stable IHD patients after PCI, dual antiplatelet therapy 
(DAPT) is recommended. Its duration depends on  the risk 
of haemorrhagic complications. Haemorrhage risk evaluation 
for patients is possible by means of PRECISE-DAPT an 
DAPT scales (evidentiality class IIb, evidentiality level A). 
However, such an approach did not fi nd wide-spread use and, 
as a consequence, did not acquire a high level of evidentiality 
[38]. Stable IHD patients may be considered for preliminary 
clopidogrel prescription, if there is a high probability of 
consequent PCI (evidentiality class IIb, evidentiality level 
C) [38]. Clopidogrel prescription (loading dose 600mg, 
then 75mg/day) against the background of aspirin intake is 
recommended in case of stable IHD for patients planned for 
PCI (evidentiality class I, evidentiality level A). Prescription 
of ticagrelor or prasugrel against the background of aspirin 
intake may be prescribed instead of clopidogrel to stable IHD 
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patients with planned PCI provided consideration for ischemic 
complications (a high SYNTAX score, preceding stent 
thrombosis, localisation and amount of implanted stents) and 
potential haemorrhages (evidentiality class IIb, evidentiality 
level C) [38]. DAPT is not indicated for medically treated 
patients with stable IHD (without preceding IHD) as well as 
in case of absent MI in anamnesis [38]. As yet, there is no 
alternative for clopidogrel in case of patients with stable IHD 
and undergoing elective PCI [39].
The group of patients hospitalised for future PCI is 
heterogeneous and includes both patients without preceding 
MI or revascularisation procedures and patients with post-
stroke cardiosclerosis. According to the latest guidelines by 
the European Society of Cardiology regarding treatment of 
patients after MI with ST segment elevation, prescription of 
beta-adrenergic blocking agents (BB) is recommended for 
all patients with reduced ejection fraction (EF) and hearth 
insuffi ciency symptoms (class of recommendations 1, level 
A). The recommendations also denote the necessity of BB 
prescription to less serious patients after primary PCI if there 
are no contraindications nor symptoms of acute ventricular 
failure [40, 41].    
Angiotensin-converting enzyme inhibitor as well as sartans 
are recommended for all patients with IHD and such states 
as arterial hypertension, DM, CHF or chronic kidney disease 
(class of recommendations 1, level A) [2].

Arterial hypertension: tight arterial blood pressure 
control for prognosis optimisation

Arterial hypertension is the most prevalent comorbidity among 
IHD patients [42]. At that, target ABP values are defi ned 
as 140/90mmHg and offi ce systolic ABP target parameters 
should be 130/90mmHg and lower in patients receiving anti-
hypertension medical therapy in case of high tolerability [43].
Within the framework of the SPRINT study, two target ABP 
levels (<140 and <120mmHg) were compared in over 9000 
patients with high cardiovascular risk. However, patients with 
DM and stroke in anamnesis were excluded from the study. 
The results showed that more intense ABP decrease (the 
achieved level of systolic ABP was 121mmHg vs 136mmHg) 
was associated with decrease in the frequency of main 
cardiovascular events by 25% and in the overall death rate 
by 27% [44].
Despite the fact that arterial hypertension tends to be 
present in 100% IHD patients, and anti-hypertension therapy 
possesses a wide spectrum of medical preparations and 
their combinations, it is to be stated that the quality of ABP 
control remains improper [45]. Target ABP values for patients 
before elective revascularisation are not designated in current 

recommendations. However, a number of works demonstrates 
that tight control over ABP, including pulse blood pressure, 
before elective PCI leads to improvement of long-term results 
of the intervention and the pulse blood pressure index itself 
may be considered as a predictor for prognostic evaluation 
[46].

Active detection of carbohydrate metabolism dis-
order and their infl uence of the revascularisation 
prognosis. Features in revascularisation for pa-
tients with carbohydrate metabolism disorder

High prevalence of carbohydrate metabolism disorder (CMD) 
and the trend toward its increase in the IHD patient population 
defi nes growth of attention to this comorbidity. Active 
detection of CMD in IHD patients could be considered as one 
of the fi rst stages of effective control over cardiovascular risk 
before elective revascularisation. In numerous international 
studies investigating CMD in patients undergoing elective 
PCI, it has been shown that oral test of glucose tolerance and 
measurement of HbA1 facilitated additional detection of DM 
in 16.2% cases, impaired glucose tolerance (IGT) in 24.5% 
cases and impaired fasting glycaemia in 1% cases [47].
According to the prognosis of the International Diabetes 
Federation, 642mil people will have DM by 2040. Signifi cant 
growth of DM prevalence has been registered in the Russian 
Federation (RF), as well as in all states. According to data 
from the federal DM registry of the RF, a total of 4.35 million 
people (3.0% of the population) were subject to regular 
medical check-up by the end of 2016. Among them, 92% 
(4 million) had DM type 2, 6% (255 thousand) had DM type 
1 and 2% (75 thousand) had other types of DM. However, 
these data underestimate the real amount of patients as only 
account for detected and registered cases of the disease. 
Thus, results of a large-scale Russian epidemiological 
study (NATION) confi rm that only 50% DM type 2 cases 
are registered [48]. Therefore, the real number of DM in the 
RF is not less than  8-9 million people (approximately 6% 
of the population) which is an extreme long-term threat as 
a signifi cant amount of patients remain undiagnosed and 
thus do not receive treatment and are at high risk of vascular 
complication development [49, 50].
Within the framework of the BARI 2D [51], randomised 
comparison of OMT with revascularisation (both CABG and 
PCI) for DM patients was carried out. After selection of PCI or 
CABG as an optimal strategy, the patients were randomised 
into groups of OMT as a single treatment approach and 
OMT in combination with revascularisation. After fi ve years, 
no large differences were found in the combined endpoint: 
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death, MI or stroke, which were 12% in both OMT and OMT 
in combination with  revascularisation. The CABG group 
showed a signifi cantly lower frequency of major cardiac 
or cerebrovascular adverse events (78%) than that in 
the OMT group (70%, p=0.01). However, no difference in 
survivability was registered (CABG 86%, OMT 84%, р=0.33). 
Neither substantial difference in major adverse events nor 
survivability were revealed between the OMT group and the 
PCI group that included patients with predeterminedly less-
severe level of IHD than that in the CABG group. Throughout 
subsequent observation, 38% patients in the OMT group 
underwent at least one revascularisation due to development 
of the ischaemic clinical manifestations, while it was 20% for 
patients in groups of surgical initial treatment. Extrapolating 
these data on common practice, it is necessary to remember 
that the results were obtained in a selected population. 
Thus, the patients were excluded if they required immediate 
revascularisation or in presence of left main coronary artery 
stenosis as well as against the background of creatinine 
>177umol/l, HbA1c>13%, functional classes III-IV of CHF or 
PCI/CABG in medical history during the preceding 12 months.
The risk of major cardiac events in patients with DM and 
dissatisfactory glycaemic control (HbA1c > 7%) was 2.1 times 
higher than for individuals without DM (adjusted risk ratio = 
2.1, 95% confi dence interval: 1.10 to 3.95, p = 0.02). Despite 
this, in case of proper glycaemic control (HbA1c ≤ 7%), the risk 
of adverse events in DM patients does not have signifi cant 
differences from that for individuals without DM (adjusted risk 
ratio =1.33, 95% confi dence interval: 0.38 to 4.68, p = 0.66) [52].
Therefore, the evidence base in relation to infl uence of 
modifi ed RF on the prognosis regarding elective myocardial 
revascularisation is being formed at the present time. 
Additionally, confi rmedly effective means of their modifi cation 
have been determined.

Revealing and correction of modifi able risk factors 
in patients with stable IHD before elective PCI: the 
real state of the matter

It is known that the period of waiting for elective myocardial 
revascularisation often exceeds the recommended 6 
weeks. Despite the importance of control over ABP, 
lipids and glycaemia levels, smoking cessation and body 
mass normalisation as confi rmed revascularisation result 
improvement tools, the actual quality of patient preparation is 
less than ideal in real clinical practice. The issue of suboptimal 
patient preparation before elective PCI is relevant to hospitals 
all over the world [45].
A large-scale project EUROASPIRE clearly demonstrates 
the insuffi ciency of attention to correction of modifi able RF 

in IHD patients even after preceding emergency or elective 
myocardial revascularisation (CABG/PCI). Analysis of over 
16 thousand medical records in 24 European countries 
including the RF has shown that 93.8% patients received 
antiplatelet preparations; 82.6% patients received BB; 75.1% 
patients received angiotensin-converting enzyme inhibitors or 
sartans; 85.7% patients received statins. At that 16% of the 
respondents continue active smoking, 59.9% do not maintain 
a suffi cient level of physical exercise, 37.6% have the body 
mass index of over 30kg/m2, 42.7% do not reach the target 
ABP values (140/90mmHg), 80.5% have the level of LDL 
cholesterol over 1.8mmol/l, 26.8% have an established DM 
diagnosis . Therefore, the fact of adherence to treatment itself 
cannot be considered a synonym to OMT [45]. The basis of 
secondary prevention goals achievement is adherence to 
medical treatment and to recommendations regarding change 
of life style.
However, among stable IHD patients undergoi9ng elective 
open revascularisation, only 19% patients received all 4 
groups of recommended preparations before CABG (aspirin, 
statins, BB, angiotensin-converting enzyme inhibitors), 76% 
had elevated cholesterol levels , only 58% reached target 
levels of ABP [53].
In addition to initially higher risk of adverse events due to 
CMD,  it has been  demonstrated a number of major studies 
that patients with concomitant CMD fail to achieve correction 
of RF more often that patients without CMD [51]. Among 
patients enrolled in the BARI 2D study, high prevalence of 
smoking, uncontrolled hypertension, hypercholesteremia and 
combinations of the aforementioned factors [51].
Analogical analysis carried out in Japan has shown that only 
18.2% patients had optimal control over the RF investigated 
in the study (ABP, lipids, glycaemia), at that 51.3% patients 
reached target ABP levels, 45.7% reached the target lipid 
profi le, 23% demonstrated glycated haemoglobin >7% from 
over 3 thousand patients. During division of the sample 
into subgroups depending on the presence of DM, it was 
determined that patients fail to reach target ABP, lipid and 
glycaemia values signifi cantly more often that individuals 
without diabetes. Therewith, protective effect of OMT in DM 
is signifi cantly more pronounced [54]. An analogical picture 
is seen in hospitals of the Russian Federation. Thus, 30% of 
140 patients hospitalised  in the SRI for Complex Issues of 
Cardiovascular Diseases for elective PCI in 2016 had different 
types of CMD, 88.5% (n = 124) had excess body mass with 
BMI over 25kg/m2, the average value of total cholesterol in 
the subgroup without CMD totalled 4.5mmol/l and 4.8mmol/l 
among patients with CMD [47]. These results demonstrate 
the necessity for more active work on RF correction for this 
category of patients.
Another topical issue in actual clinical practice is insuffi cient 
and untimely diagnosis of DM on other forms of CMD. 
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During a retrospective analysis, we showed that CMD was 
revealed in 23.5% of patients with IHD and indications 
to elective PCI: 18.5% patients had DM, 5% had IGT, 
no impaired fasting glycaemia was revealed. Glycaemic 
status evaluation for IHD patients  was carried out 
according to fasting glycaemia values and upon hospital 
admission. Active diagnostic search of CMD (glycated 
haemoglobin measurement, oral glucose tolerance test) 
was not performed for IHD patients. The majority of DM 
patients (91.8%) receive sugar-reducing therapy while 
100% IGT patients do not undergo non-medication nor 
pharmacological therapy [55]. Procedures aimed at 
active diagnosis of CMD performed for the 140 patients 
admitted to elective PCI revealed 38.6% CMD that had 
not been diagnosed earlier [47]. Therewith, presence of 
diabetes defi nes the strategy of treatment for an important 
subgroup or patients with multi-vessel disease. In case of 
combination of multi-vessel disease and DM, the optimal 
revascularisation strategy is CABG that has signifi cant 
advantages over PCI in relation to mortality and new MI 
cases, especially in long-term observation. Consequently, 
DM not registered before choosing the revascularisation 
type leads to suboptimal decisions [56].

Conclusion

Endovascular myocardial revascularisation is a highly 
technological less traumatic approach to improve the 
prognosis and the quality of life or IHD patients. Despite 
the contribution of such factors as smoking dyslipidemia, 
hypertension and hyperglycaemia into realisation of the 
unfavourable prognosis during stable IHD has been 

convincingly proved, the characteristics of patients admitted 
for elective PCI demonstrates insuffi cient carefulness risk 
correction at the stage of preparation for the surgery. An 
algorithm of individual patient preparation for PCI effective 
in the circumstances of actual clinical practice  is to be 
developed. This will make it possible to avoid early and 
delayed complications and optimise treatment results.
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Abstract
Primary aldosteronism (PA) is one of the most common causes of secondary hypertension, which in less than half 
of cases is manifested by hypokalemia. In cases where hypokalemia becomes signifi cant, it can lead to muscle 
weakness or even paralysis. Such patients are often unsuccessfully treated by neurologists or rheumatologists. 
In our clinical case a 61 year old patient  had rapidly developing symptoms, which were interpreted by ambulance 
paramedics as an acute cerebrovascular accident. Since the patient was admitted to a multidisciplinary hospital, he 
was examined by doctors of different specialties, the diagnostic direction was set correctly and rhabdomyolysis was 
already detected at the initial stage. We excluded various causes of myopathy, which ultimately led us to the most 
likely cause of this condition - hypokalemia, and explained muscle symptoms. As a result, it helped us to identify the 
correct diagnosis - aldosteronism. The patient quickly recovered due to the prescribed therapy and felt good, and 
therefore refused surgical treatment (adrenalectomy), which, perhaps, would allow him to fully recover. Thus, a rare 
clinical case of differential diagnosis and successful drug treatment of PA with hypokalemia, which is manifested by 
rhabdomyolysis, is presented.
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Introduction

Primary aldosteronism (PA) (Conn’s syndrome) is a clinical 
syndrome caused by excess aldosterone production by zona 
glomerulosa of the adrenal cortex, which leads to low renin 
hypertension  [1].  
PA is the most common reason of high blood pressure 
among all secondary hypertensions and, according to 
various sources, occurs from 6% in the general population of 
patients with arterial hypertension to 20% among patients wth 
uncontrolled arterial hypertension [2-5].
Excess aldosterone leads to development of hypernatremia, 
hypokalemia and metabolic alkalosis. This determines the 
manifestation of three main clinical syndromes of PA, among 
which the most constant is arterial hypertension (in 98% of 
cases) as well as nephro- (50-70%) and myopathy (38-75%).
Hypokalemia (less than 3,5 mmol/L), previously considered a 
mandatory PA symptom, is found in 30-40% of patients with 
this pathology and likely observed in the most severe cases, 
according to modern concepts [6-8]. 
Hypokalemia-associated myopathy manifests mainly in the 
form of muscle weakness, however, in rare cases it may 
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result in rhabdomyolysis, as previously reported in a few 
publications mainly in foreign literature [9-14].
In view of this, patients can be observed by a neurologist or 
rheumatologist for a long time before they get the attention 
of a cardiologist or endocrinologist. The presented clinical 
case demonstrates the manifestation of PA in the form of 
hypokalemic rhabdomyolysis.

The clinical case

A 61 year old male was transported by an ambulance team 
to the hospital with a suspected acute cerebrovascular 
accident (CVA) with complaints on restriction of movement 
and weakness in the upper and lower limbs, dizziness and 
headache.
The patient was examined by a neurologist, and underwent 
computed tomography (CT) scan of the head, no focal 
brain ischemia was detected. In the neurological status, the 
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absence of focal symptoms was noteworthy and limitation of 
limb movement was caused by severe pain in muscles.
The patient had a long history of arterial hypertension with a 
maximum increase in ABP to 220/120mmHg. and the usual 
ABP of 170/105mmHg, the three-component background 
therapy consisted of perindopril arginine 10mg, indapamide 
2.5mg and bisoprolol 10mg. The patient had been noticing 
muscle weakness for several weeks, but he only noted the 
appearance of pain in the limbs with a gradual progression 
up to the inability to climb several stair steps three days 
before seeking medical help. 
The admission electrocardiogram (ECG) revealed changes in 
repolarisation in the form of ST segment depression up to 2 
mm in inferior leads, and the presence of a U-wave (Figure 1).
In laboratory analysis hypokalemia of 2.08mmol/l, a 
pronounced increase in creatine phosphokinase (CPK) up 
to 11307U/l, increased transaminases, proteinuria, and very 
alkaline urine (detailed laboratory data is presented in Table 1).
The patient was consulted by a rheumatologist about 
myopathic syndrome, dermatomyositis was suspected, 
however, an immunoblot test did not reveal any autoantibodies.
Further diagnostic research included the following most 
common causes of rhabdomyolysis: direct injuries of striated 
muscles, prolonged intense exercise, neuromuscular 
diseases, toxic effects (alcohol, several medicines, snake 
poison, etc.), infections, hyperthermia and hypokalaemia.
With a detailed history taking and additional instrumental 
examination, all of these conditions were sequentially 
excluded, except for persistently preserved hypokalaemia 
at a level of 2.0-2.5mmol/l despite active infusion therapy 
with potassium. Given the long history of uncontrolled 
hypertension, hypokalaemia, myopathic syndrome, kidney 
damage and urinary alkalosis, hyperaldosteronism was 
suspected. 

A blood test for renin and aldosterone revealed high 
plasma concentration of aldosterone (32.8ng/dl) with 
the background of a pronounced suppression of renin 
secretion (0.006ng/dl), which, according to the updated 
international recommendations of the Endocrine Society 
(2016) [6], is a suffi cient criterion for establishing PA as a 
diagnosis without determining the aldosterone/renin ratio 
and conducting confi rmatory tests.
According to the algorithm, the next step is topical 
diagnosis, for which the patient underwent adrenal CT with 
contrast.  Masses of both adrenal glands of approximately 
the same density were revealed: sized 13x17mm in the 
lateral branch of the left adrenal gland (Figure 2) and 
12x9mm in the body of the right adrenal gland (Figure 3).
During the ongoing background therapy aimed at 
compensating for the loss of potassium, the patient 
noted a signifi cant improvement in well-being due to 
the disappearance of muscle symptoms, so he refused 
surgery. Based on this, comparative selective adrenal vein 
sampling (AVS) was not done, since it would not change 
the tactics of medical treatment.
Spironolactone was titrated up to 300 mg per day for the 
patient in combination with perindopril and bisoprolol. 
Against this background, the maximum level of potassium 
during the hospitalisation was 3.1mmol/l. The concentration 
of CPK gradually decreased. The average blood pressure 
before discharge was 135-140/80mmHg. Signs of severe 
hypokalaemia on the ECG were levelled (Figure 4).
The fi nal diagnosis was stated as follows: “Secondary 
arterial hypertension (primary aldosteronism complicated 
by hypokalemic rhabdomyolysis)”. Unfortunately, the 
connection with the patient was lost after discharge and 
the long-term results of treatment remain unknown.

Figure 1. Electrocardiogram upon admission to the hospital (chest leads voltage 5 mm / mv)
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Table 1. Laboratory analysis of the patient.

Parameter Value Reference values

Renin 0.006 ng / dl (3.30-31.71)

Aldosterone Aldosterone 32.83 ng / dL ---

High-sensitivity troponin 0.90 ng / ml (0.00-0.04)

Creatine kinase 11307.00 U / L (29.00-200.00)

Creatine Kinase-MB 176.10 U / L (0.00-24.00)

Glucose 11.40 mmol / L (3.50-6.38)

Urea 7.80 mmol / L (1.70-8.30)

Creatinine 130.30 μmol / L (62.00-115.00)

Sodium 146.66 mmol / L (136.00-145.00)

Potassium 2.08 mmol / L (3.50-5.10)

Chlorides 96.71 mmol / L (98.00-110.00)

Total calcium 2.20 mmol / L (2.10-2.55)

Inorganic phosphorus 1.11 mmol / L (0.74-1.20)

Magnesium 0.93 mmol / L (0.85-1.15)

Total bilirubin 24.30 μmol /L (3.40-20.50)

Total protein 72.06 g / L (64.00-83.00)

Aspartate aminotransferase 308.00 U / L (5.00-35.00)

Alanine aminotransferase 95.00 U / L (0.00-55.00)

Parathyroid hormone 6.30 pMol / L (1.50-7.60)

PSA 1.81 ng / ml (0.00-4.00)

White blood cells 8.88 10e9 /L (4.00-9.00)

Red blood cells 4.99 10e12 / L (3.100-5.700)

Hemoglobin 155.00 g /L (122.00-168.00)

Hematocrit 47.90% (40.00-48.00)

Platelets 413.00 10e9 / L (150.00-400.00)

Relative urine density 1.010 (1.012-1.025)

Urine PH 8.0 (4.0-7.0)

Protein in the urine 1.0 g / L (0-0.03)

Calcium in the urine per day 2.80 mmol / day (2.50-6.20)

Figure 2. Mass in the left adrenal gland Figure 3. Mass in the right adrenal gland
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active. Unfortunately, CT has a number of limitations: small 
aldosteromas can be interpreted as diffuse hyperplasia with 
bilateral or multiple nodular lesions or not be detected at all 
due to the small size, and “obvious” microadenomas may turn 
out to be areas of focal hyperplasia and a diagnostic error in 
this case leads to unreasonable unilateral adrenalectomy [6].
The CT results often do not correspond to the lateralization 
of aldosterone production in AVS.  There are described cases 
when the aldosteroma assumed by the CT results turned 
out to be a hormonally inactive adenoma, in contrast to the 
contralateral “unchanged” adrenal gland [17].
The capabilities of 11C-metomidate positron emission 
tomography-CT (PET-CT) allow lateralisation with comparable 
sensitivity and specifi city without resorting to invasive AVS, 
which is often uninformative due to the technical complexity 
of this manipulation [18].
However, PET-CT remains an inaccessible diagnostic method 
due to its high cost. Genetic typing of subtypes and sporadic 
forms of PA is also practically inaccessible, and the clinical 
value of determining such mutations remains unclear [8].
In the case of choosing a medical treatment strategy, 
the patient should be prescribed the minimum effective 
dose of spironolactone to reduce the risk of side effects, 
antiandrogenic activity in particular. Certainly, our patient 
needed to continue titration of the dosage of spironolactone. 
However, due to the loss of contact, it was not possible to track 
down. Better informing of specialists (cardiologists, family 
physicians, neurologists, rheumatologists, endocrinologists) 
about the features of this nosology should help ensure that 

Discussion

In most cases, PA is manifested by non-specifi c symptoms, 
and therefore it is often at the junction of various specialties and 
may remain undetected for a long time. Even hypokalaemia 
is not always alarming for doctors, although it can be the key 
to the diagnosis. In our case, we described a rare situation 
when rhabdomyolysis was the leading symptom of PA. 
Therefore, we consider it important to screen patients with a 
combination of hypokalaemia and other unexplained causes 
of rhabdomyolysis for PA. 
The mechanism of rhabdomyolysis with hypokalaemia 
remains debatable, but in general it has quite convincing 
pathophysiological justifi cations. According to one theory, 
hypokalaemia leads to dysfunction of the sodium-potassium 
pump, which causes an increase in cellular permeability to 
sodium, and the launch of a compensatory sodium-calcium 
pump. As a result, excess intracellular calcium activates 
proteolytic enzymes that destroy myocytes [15].
According to another theory, hypokalaemia contributes to 
inadequate vasodilation of arterioles and capillaries in the 
muscles with an increased exercise and a decrease in blood 
fl ow, which leads to ischemia and necrosis of muscle cells 
[14, 16].
The absence of hyperkalaemia and acute renal failure in this 
situation, intrinsic to traumatic rhabdomyolysis, is probably 
caused by permanent increased excretion of potassium and 
the slow process of destruction of myocytes. 
Due to the fact that the diagnostic research was completed 
without performing AVS, the PA subtype remained unclassifi ed 
by us and it is unclear whether both masses are hormonally 

Figure 4. Electrocardiogram before discharge (chest leads voltage 5mm/mv)
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outpatient care of such patients is as effective and safe as 
possible.

Conclusion

This clinical example reports a rare manifestation of primary 
aldosteronism in the form of rhabdomyolysis. The correct 
diagnosis, established according to the modern algorithm, will 

successfully treat arterial hypertension and muscle symptoms 
in such patients, thereby improving both the quality of life and, 
probably, the prognosis.
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Abstract
Methicillin-resistant Staphylococcus aureus (MRSA) is a major multidrug-resistant bacterial pathogen. The evolution 
of MRSA is dynamic posing an ongoing threat to humans. The evolution of MRSA includes horizontal gene transfer, 
which is mediated by mobile genetic elements, plasmids, and bacteriophages, and also mutations. In this review, we 
clarify the recent trends in MRSA from the perspectives of drug-resistance transfer and uncontrollable infections, 
particularly those occurring in community settings. We fi rst address the role of MRSA as a disseminator of multidrug 
resistance. We have studied the cell-to-cell transfer of drug resistance, in which transfer frequencies range 
from 10-3 to 10-8. The mechanisms of drug-resistance transfers include the self-transmission of large plasmids, 
the mobilization of small nonconjugative plasmids, the generalized transduction of phages, and the transfer of 
transposons with circular intermediates. We then discuss uncontrollable infections. Although several anti-MRSA 
agents have been developed, uncontrollable cases of MRSA infections are still reported. Examples include a case of 
uncontrollable sepsis arising from a community-associated MRSA (CA-MRSA) with the ST8/SCCmecIVl genotype, and 
a relapsing severe invasive infection of ST30/SCCmecIVc CA-MRSA in a student athlete. Some of these cases may be 
attributable to unique adhesins, superantigens, or cytolytic activities. The delayed diagnosis of highly adhesive and 
toxic infections in community settings may result in CA-MRSA diseases that are diffi cult to treat. Repeated relapse, 
persistent bacteremia, and infections of small-colony variants may occur. To treat MRSA infections in community 
settings, these unique features of MRSA must be considered to ensure that diagnostic delay is avoided.

Keywords
methicillin-resistant Staphylococcus aureus • community setting • drug resistance • antiseptic resistance • transfer • uncontrolla-
ble infection • pathotype • small-colony variants • adhesin • superantigen
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Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is a 
major multidrug-resistant (MDR) pathogen, recognized by the 
World Health Organization (WHO) in 2014 [1]. MRSA emerges 
from methicillin-susceptible S. aureus (MSSA) through the 
acquisition of the staphylococcal cassette chromosome mec 
(SCCmec) [2-4]. SCCmec is classifi ed into several types, 
each containing several subtypes [2].
The term “MRSA” includes healthcare-associated MRSA (HA-
MRSA) and community-associated MRSA (CA-MRSA) [4, 5]. 
HA-MRSAs are most frequently associated with infections in 
hospital in-patients, and are opportunistic pathogens. They 
are usually resistant to those antibacterial drugs agents 
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frequently used in hospital settings, such as fl uoroquinolones 
[4-7]. Historically, limited numbers of MRSAs have evolved 
from MSSAs since the early 1960th, and have spread globally 
as major HA-MRSAs. Examples include ST239/SCCmecIII 
and ST5/SCCmecII [8-11]. SCCmecII and SCCmecIII are 
associated with HA-MRSA [3, 4]
CA-MRSA infections occur in healthy individuals in 
community settings, usually causing skin and soft-tissue 
infections, but occasionally causing invasive infections 
[4, 5]. CA-MRSA has been reported more recently than 
HA-MRSA, since 1997-1999 [12], and usually displays 
less multidrug resistance [4, 5]. The most successful 
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and well-characterized CA-MRSA clone is USA300 (ST8/
SCCmecIVa), which caused an epidemic of serious invasive 
infections in the United States in 2007 [4, 5, 13, 14]. USA300 
has since progressed to a nosocomial MDR pathogen and a 
global pathogen [13, 15]. CA-MRSA often produces Panton-
Valentine leukocidin (PVL) [4, 14, 16], and ST8/SCCmecIVa 
(USA300) [4,13], ST30/SCCmecIV [3, 17], ST59/SCCmecV 
[3, 18], and ST80/SCCmecIV [3, 19] are representative PVL-
positive lineages. SCCmecIV and SCCmecV are common 
among CA-MRSA [3, 4]. The expression of cytolytic peptides 
(for example, phenol-soluble medulins, PSMs) is elevated in 
CA-MRSAs [20].
The evolution of MRSAs is dynamic and they, therefore, 
pose an ongoing threat to humans. The evolution of MRSAs 
includes horizontal gene transfer, which is mediated by 
mobile genetic elements, plasmids, and bacteriophages 
(phages), and also mutations [3, 4, 21-26]. In this review, we 
clarify the recent trends in MRSAs from the viewpoint of drug-
resistance transfer and uncontrollable infections, particularly, 
those occurring in community settings.

Methods

Our previously published data are used as the bases for this 
review. Data published by others are used to evaluate our 
data and to extend our discussion.

Results and Discussion

We describe MRSAs as disseminators of multidrug resistance. 
We have studied the cell-to-cell transfer of drug resistance 
in MRSAs isolated in Russia, Japan, and Taiwan using a 
mixed culture method on membrane fi lters (fi lter mating). 
These previous data are summarized in Table 1 [18, 23, 24, 
27-30]. A large plasmid of ca. 40 kb (pWMUP1), carrying 
the mupirocin-resistance gene (mupA), and a small 2.9-kb 
plasmid (p16K-1), carrying the chloramphenicol-resistance 
gene (cat), are transferred at high transfer frequencies of 
10-3 (drug-resistance-acquiring recipients per donor). Other 
plasmids show moderate transfer frequencies (10-4 to 10-6) 
or low frequencies (10-7 to 10-8). No transfer frequencies are 
lower than 10-9 for naturally occurring chromosomal gene 
mutations in gyrA and grlA, which generate levofl oxacin 
resistance, or in rpoB, which generate rifampicin resistance.
The transfer of drug resistance is frequently observed in CA-
MRSAs (ST8/SCCmecIV and ST59/SCCmecV), whereas it 
is rather rare in HA-MRSAs (ST239/SCCmecIII). However, 
an emerging variant clade of classical ST239/SCCmecIII/

spa3[t037], that was isolated from patients with urethritis 
in community settings in Vladivostok, Russia, and displays 
a divergent spa type (spa351[t030]) [23], is more able to 
donate its drug resistance (for example, via the 2.9-kb cat 
plasmid p16K-1) than other HA-MRSAs.
It is noteworthy that when transposon Tn554 (carrying the 
erythromycin-resistance gene ermA and spectinomycin-
resistance gene aad9/spc) is integrated into the bacterial 
chromosome, it can be transferred at low-to-moderate levels. 
Since Tn554 forms a circular intermediate DNA in an MRSA 
cell [23, 31, 32], there is a possibility that the Tn554 circular 
intermediate play a role in transfer, similar to small plasmids. 
Transposon Tn4001 (carrying the gentamicin-resistance 
gene aacA-aphD) in ST239/SCCmecIII/spa351[t030] can 
also be transferred at moderate levels. This Tn4001 occurs as 
a part of a larger transposon-like, mobile-element structure, 
MES16K [23], which may provide genetic background for 
effi cient transfer. In the MRSA lineage ST8/SCCmecIVl, 
Tn4001 is simply integrated into the bacterial chromosome 
[28] and shows no transfer. 
Another large 32-kb plasmid (pWSI1) that is transferred at 
low-to-moderate frequencies carries the qac gene, encoding 
for resistance to antiseptics (quaternary ammonium; 
benzalkonium/benzethonium chloride, acrofl avin, and 
ethidium bromide), and also the edin/ednA gene, which 
encodes the virulence factor, epidermal cell differentiation 
inhibitor (EDIN) [27-30]. 
Two modes of transfer are observed: one only occurs on a 
fi lter (for example, a ca. 40-kb plasmid [pWMUP1] containing 
mupA) and the other occurs on agar plates, both with and 
without fi lter (for example, a 32-kb plasmid [pWSI] containing 
qac and edin and a 2.9-kb plasmid [p16K-1] containing cat).
Staphylococcal plasmid transfer requires cell-to-cell contact 
and is, therefore, generally performed on agar plates with 
membrane fi lters [33-35]. Large plasmids of 40-60 kb (a 
well-characterized example is the pSK41/pGO1 family) can 
be transferred to other bacterial cells by conjugation, with 
transfer frequencies ranging from 10-4 to 10-7 [33-35]. The 
conjugative transfer genes (tra) have been reported. For 
example, the 52-kb self-transmissible plasmid pGO1 has a 
13.8-kb trs gene and 14 open reading frames (ORFs, A to N) 
[35]; its phenotype is resistance to gentamicin, trimethoprim, 
and quaternary ammonium. A ca. 40-kb mupA plasmid 
[pWMUP1] may have one of the highest transfer frequencies 
of all the conjugative plasmids. The transfer region (tra) of 
pWMUP1 is under investigation. Two other large plasmids, 
26-kb pPM1 containing blaZ, tetK, and cadD and 32-kb 
pWSI1 containing qac and edin, show no homology to the trs 
region of pGO1.
Large conjugative plasmids can mobilize the transfer of 
some small plasmids (3.5-14.5 kb) into other bacterial 
cells [36-38], as shown in Fig. 1. These small plasmids are 
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called nonconjugative mobilizable plasmids. The process of 
mobilization [36, 37] is as follows: 1) fi lter mating provides close 
contact between the donor and recipient cells; 2) the tra region 
on a large conjugative plasmid creates a mating pore (the 
“small needle”) between the donor and recipient (the “small 
needle” formed by the type IV secretion system allows DNA 
to be injected into the recipient); 3) relaxase (Mob), encoded 
by the mob gene, interacts with the 5’ plasmid sequence at the 
origin of transfer (oriT) to form (often with accessory proteins) a 
complex called “relaxasome”; 4) the relaxasome is recruited to 
the mating pore to transfer the plasmid DNA into the recipient 
cells; and 5) plasmid replication during conjugation, in both 
the donor and recipient, occurs via a rolling circle mechanism. 
Thus, the transfer of small nonconjugative mobilizable plasmids 
requires the help of large conjugative plasmids. Examples of 
Mob and ori, that differ from that shown in Fig. 1 have also 
been reported [36, 37].
Rolling-circle-replicating plasmids are generally less than 5 
kb in size and are cryptic or encode only a single resistance 
gene [38]. The erythromycin-resistance gene ermC is located 
on nonconjugative mobilizable plasmids and is the erm gene 
most widespread among the staphylococci [39]. Tetracycline-
resistance gene tetK is located on 4.4-4.7-kb nonconjugative 
mobilizable plasmids, with transfer frequencies (10-9) [40]. The 
chloramphenicol-resistance gene cat is also located on small 
(e.g., 2.9-kb) plasmids in many cases [23, 24], although cat is 
located on the unique movable element structure MESPM1 on 
the chromosome of MRSA (ST59/SCCmecV) in Taiwan [18] 
and cat-positive cases are very rare in Japan [24].
The distribution of plasmids in Krasnoyarsk, Russia is unique 
[23, 24]. Many MRSAs only carry a 2.9-kb cat plasmid (e.g., 
pOC3 and pOC8), but often carry two species of cat plasmid. 
In Russia, inexpensive chloramphenicol is commonly 
administered to patients without a doctor’s prescription as an 
ointment for skin injuries or burns as a tablet for gastroenteritis 
or as an eye lotion, exerting a strong selective pressure on 
MRSAs to carry a cap plasmid [23, 24]. This suggests that 
small plasmids contribute to the micro-evolution of MRSA, 
adapting to community settings of each region in the world.
Plasmids are also transferred by phages [37, 41]. In MRSAs, 
phage DNA can be integrated into the MRSA genome as a 
prophage. Prophages enter the lytic cycle if they are induced 
spontaneously or by the administration of, for example, 
fl uoroquinolone. During the lytic cycle, the MRSA DNA (less 
than 45 kb), including plasmids, is packed into the phage 
particles with the phage genome (45 kb in size) to produce 
the phage capsid. The transducing particles then infect other 
bacterial cells and transfer the DNA contained within them. 
Thus, the phage transduction (generalized transduction) can 
also contribute to the transfer of small nonconjugative plasmids.
The reports of S. aureus pathogenicity islands (SaPIs) are 
interesting in terms of phages. SaPIs are located in the MRSA 

genome and carry various combinations of superantigen 
genes [37]. SaPIs require a helper phage for their transfer 
[37]. They also play a role in generalized transduction 
through SaPI capsids, in a process called “island-mediated 
transduction” [37].
MRSAs have a restriction-modifi cation system (type I 
or typeIII-like) to block horizontal gene transfer [42, 43]. 
Therefore, some MRSAs will block the invasion of plasmid or 
phage DNA.
The data in Table 1 show that a high-level transfer group of 
a ca. 40-kb plasmid (pWMUP1) containing mupA may be a 
new type of conjugative plasmid. The high transfer ability of 
a 2.9-kb cat-containing plasmid (p16K-1) in a unique genetic 
background, ST239/SCCmecIII/spa351[t030], requires 
further study. The cell-to-cell transmission of Tn554 (ermA/
aad9), through a circular intermediate, is a new fi nding. 
Some small plasmids (<5 kb in size) must be mobilized by 
the machinery of helper conjugative plasmids. In our studies, 
we have detected no vanA-gene-carrying plasmid, that is 
associated with vancomycin-resistant Staphylococcus aureus 
(VRSA) [44].
We next discuss uncontrollable infections. Although several 
anti-MRSA agents have been developed, uncontrollable 
cases of MRSA infections are still reported. Examples 
include an uncontrollable sepsis (with pulmonary embolism 
and multiple organ failure) attributed to CA-MRSA ST8/
SCCmecIVl [29], and a relapsing invasive infection of CA-
MRSA ST30/SCCmecIVc in a student athlete [45, 46].
Superantigens [47] provide the toxicity of CA-MRSA infections. 
From the perspective of MRSA genetics, it is noteworthy that 
the classical HA-MRSA ST5/SCCmecII lineage [48], which is 
still predominant in Japan, and the emerging CA-MRSA ST8/
SCCmecIVl (CA-MRSA/J), which is associated with severe 
invasive diseases in Japan, including a fatal case [28,29], 
share similar features, including the superantigen gene 
cluster (tst, sec, sell), suggesting that these confer selective 
advantages. In Krasnoyarsk, Russia, a unique derivative of 
ST239/SCCmecIII/spa3[t037], which has acquired the tst 
gene, is widespread [24]. 
The tst gene product, toxic syndrome toxin 1 (TSST-1), is 
associated with toxic shock syndrome (TSS) [47], in which 
a “cytokine storm” is generated [47], and with invasive 
endocarditis [47]. Among the staphylococcal exotoxins (SEs) 
that act as superantigens, TSST-1 is the most potent because 
it polyclonally activates T cells (and also macrophages) at 
picomolar concentrations [47, 49]. TSST-1 also acts as an 
immune evasion factor [47, 50]. 
The delayed diagnosis of this possible toxic feature of 
superantigens, which may occur in community settings, may 
make CA-MRSA diseases diffi cult to treat. This may also be 
the case for the superantigen staphylococcal enterotoxin B 
(SEB), because SEB induces danger signals in host cells, 
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resulting in multiorgan injury and toxic shock [49]. The SEB 
gene is associated with MRSAs with community-associated 
features; for example, SEB-producing CA-MRSAs include 
ST59/SCCmecV in Taiwan [18] and emerging ST764 variant 
of HA-MRSA ST5/SCCmecII, which has the virulence 
determinants of CA-MRSA, in Japan [51].
Adhesins play a key role in CA-MRSA infections in community 
settings, in bacterial spread and as virulence factors. For 
example, a key feature of CA-MRSA/J is the spj gene on 
SCCmecIV. spj encodes a large and highly variable cell-wall-
anchored protein (Spj) [30]. CA-MRSA/J (ST8/SCCmecIVl) 
is classifi ed into different pathotypes based on the unique 
spj gene [29,30]: i) a strongly invasive type, isolated from a 
fatal infection [29], which was highly invasive in a HEp-2 cell 
infection model [29, 30], and has a short spj gene (lacking 
the sequence encoding 11/22-amino acid repeats) [30]; and 
ii) a possible adherent type, isolated from bullous impetigo 
[27], which was adherent in a HEp-2 cell infection model [29, 
30], and has a large spj gene (containing the long sequence 
encoding 11/22-amino acid repeats) [30]. A delay diagnosis of 
the strongly invasive type may results in dangerous infections.
Like USA300, CA-MRSA/J spreads widely in community 
settings, but the situations differ. PVL-negative CA-MRSA/J 
causes bullous impetigo in many cases and spreads directly 
or indirectly through skin contact [27, 30]. In contrast, PVL-
positive USA300 causes severe skin lesions such as furuncles 
and carbuncles with large abscesses, initially called “spider 
bite” [52]. These abscesses allow USA300 to spread widely 
through skin contact either directly or indirectly [4, 53]. It is 
noteworthy that PVL-negative CA-MRSA/J causes severe 
invasive infections, attributable to a set of virulence factors 
(for example, Spj, TSST-1, and PSMα) [29, 30] that differ from 
those of USA300 [4].
PVL-positive CA-MRSA ST30/SCCmecIV is also a unique and 
dangerous cause of severe invasive infections. It caused the 
fi rst reported death case in Japan, in a child with pneumonia 
[54]. It was also associated with a relapsing invasive infections 
in a student athlete [45, 46]: the fi rst episode involved 
osteomyelitis and simultaneous iliopsoas and piriformis 
abcesses, adjacent to the sacroiliac joint; the second and 
third episodes involved abscesses in tissues adjacent to the 
sacroiliac joint four and eight months after the fi rst treatment. 
ST30/SCCmecIV is a globally spread CA-MRSA [3, 17, 55], 
and is characterized by a unique combination of the adhesion 
genes cna and bbp [17, 27, 54, 56], similar to globally spread 

S. aureus ST121 (or its MRSA) [57]. The ST30 lineage has 
unique PSMα cytolytic activities [14,20,58] and causes blood 
stream infections with complications such as seeding to 
organs [58].
Small-colony variants (SCVs) are also associated with 
refractory infections [59], although usually in healthcare 
settings. SCVs have damaged bacterial cell structures [60, 
61], and are resistant to drugs such as aminoglycosides, 
sulfamethoxazole, trimethoprim, fl uoroquinolones, fusidic 
acid, and triclosan [62]. The case shown in Fig. 2 is a 
daptomycin-resistant SCV that emerged from HA-MRSA 
ST239/SCCmecIII during the treatment of a patient with 
daptomycin for septic anthritis [61]. SCVs of S. aureus have 
been isolated from a variety of infections including persistent 
and relapsing infections. Well-characterized SCVs include 
hemin-dependent SCVs, menadione-dependent SCVs, and 
thymidine-dependent SCVs [59].
MRSA bacteremia, which persist despite antibiotic therapy is a 
signifi cant cause of morbidity and mortality [63]. Persistent MRSA 
bacteremia is defi ned as a positive blood culture maintained for 
3 – 7 days after treatment [63]. Bacteremia of increased duration 
is associated with metastatic and complex infections [63]. A 
better understanding the pathogen-host interactions in persistent 
MRSA infections in vivo is required [63].
Therefore, to treat MRSA infections in community settings, 
the unique features of MRSAs (or S. aureus) described above 
must be considered to ensure that delayed diagnoses are 
avoided.
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Table Captions

Table 1. Transfer of relevant drug resistance from MRSA by fi lter mating 

Group and
MRSA genotype
[Isolation]

Drug resistance and others
(gene)

Gene location/genetic
vehicle (size)
[representative plasmid]

Genetic status in
transconjugants

Transfer frequency
(R+ recipient/donor)
[Nonfi lter mating]

Reference

1) Small plasmid group
ST239/SCCmecIII
(spa351/t030) [Russia]

CHL (cat) Plasmid (2.9 kb)
[p16K-1]

Plasmid 10-3 – 10-4 
[10-3 – 10-4]

23, 24

ST8/SCCmecIVc
[Russia]

CHL (cat) Plasmid (2.9 kb)
[pOC8]

Plasmid 10-4 – 10-5 24

ST239/SCCmecIII
(spa3/t037) [Russia]

CHL (cat) Plasmid (2.9 kb)
[pOC3]

Plasmid 10-7 24

ST8/SCCmecIVc
[Russia]

ERY/CLI (ermC) Plasmid (2.5 kb)
[pOC160-1]

Plasmid 10-7 24

ST8/SCCmecIVl
[Japan]

ERY/CLI (ermC) Plasmid (2.5 kb)
[pWEM1]

Plasmid 10-7 – 10-8 Unpublished data
(Wan et al.)

ST8/SCCmecIVl
[Japan]

TET (tetK) Plasmid (ca. 4.8 kb)
[pWTC1]

Plasmid 10-8 Unpublished data
(Wan et al.)

2) Large plasmid group
ST8/SCCmecIVl
[Japan]

MUP (mupA), NEO/KAN 
(aadD), AMP (blaZ)

Plasmid (ca. 40 kb)
[pWMUP1]

Plasmid 10-3

[≤ 10-9]
Unpublished data
(Wan et al.)

ST8/SCCmecIVl
[Japan]

BEN/ACR/ETH (qacA/B),
EDIN (edin/ednA)

Plasmid (32 kb) Plasmid
[pWSI1]

10-6 – 10-7

[10-6 – 10-7]
27-30

ST59/SCCmecV
[Taiwan]

AMP (blaZ), TET (tetK), CAD 
(cadD)

Plasmid (26 kb)
[pPM1]

Plasmid 10-7 18

ST8/SCCmecIVc
[Russia]

GEN/KAN (aacA-aphD), 
BEN/ACR/ETH (qacA/B),
AMP (blaZ), CAD (cadD)

Plasmid (25-27 kb)
[pOC160-L1, pOC1-L]

Plasmid 10-7 – 10-8 24

3) Transposon (transposon-like) 
group

ST239/SCCmecIII
(spa351/t030) [Russia]

ERY/CLI (ermA), SPC (aad9/
spc)

Tn554/chr/6.7 kb cDNA Tn554/chr 10-4 - 10-5 23, 24

ST239/SCCmecIII
(spa351/t030) [Russia]

GEN/KAN (aacA-aphD) Tn4001/MES16K/chr Tn4001(ND)/chr 10-5 - 10-6 23

ST239/SCCmecIII
(spa3/t037) [Russia]

ERY/CLI (ermA), SPC (aad9/
spc)

Tn554/chr/6.7 kb cDNA Tn554/chr 10-7 24

ST8/SCCmecIVl 
[Japan]

ERY/CLI (ermA), SPC (aad9/
spc)

Tn554/chr/6.7 kb cDNA Tn554/chr 10-6 - 10-8 30

ST8/SCCmecIVl
[Japan]

GEN/KAN (aacA-aphD) Tn4001/chr - ≤ 10-9 28

ST59/SCCmecV
[Taiwan]

ERY/CLI (ermB), STR (tetK),
CHL (cat)

MESPM1/chr - ≤ 10-9 18

4) Chromosomal gene mutation 
group

ST239/SCCmecIII
(spa3/t037) [Russia]

LVX (gyrA, grlA), RIF (rpoB) - - ≤ 10-9 24

ST8/SCCmecIVc [Russia] LVX (gyrA, grlA) - - ≤ 10-9 24

Note: For drug resistance transfer, donor (MRSA) and recipient (S. aureus RN2677) were mixed and cultured on a fi lter placed on agar 
plates. R+ recipient, transconjugants S. aureus RN2677, which acquired drug resistance from MRSA. Results obtained with nonfi lter mating 
(by mixed culture on an agar plate with no membrane fi lter) is shown in [ ]. Abtimicrobial or related agents: CHL, chloramphenicol; ERY, 
erythromycin; CLI, clindamycin; TET, tetracycline; MUP, mupirocin; NEO, neomycin; KAN, kanamycin; AMP, ampicillin; BEN, benzalkonium/
benzethonium chloride; ACR, acrofl avin; ETH, ethidium bromide; TET, tetracycline; CAD, cadmium; GEN, gentamicin; SPC, spectinomycin, 
STR, streptomycin; LVX, levofl oxacin, RIF, rifampicin. Virulence factor: EDIN, epidermal cell differentiation inhibitor (gene, edin or ednA). 
cDNA, circular DNA intermediate; chr, chromosome. ND, not determined.
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Figure Legends

Figure 1. Mobilization of small plasmids by the machinery of a helper conjugative plasmid.   The fi gure is drawn based on the information in 
references [36-38]. Abbreviation: Chr, chromosome (MRSA DNA); ss, single-stranded (DNA); ds, double-stranded (DNA). Yellow, pepti-
doglycan (cell wall); purple, mating pore (type IV secretion system); blue, large conjugative plasmid DNA; red, small plasmid DNA: green, 
relaxase protein. Relaxase binds to the 5’ end (at oriT) of the plasmid ss DNA, which forms during the rolling-circle replication of the plasmid 
DNA, generating a nucleoprotein complex, referred to as a “relaxasome”. The relaxasome recruits the 5’ end of the plasmid ss DNA to the 
mating pore. The type IV secretion system then transfers the 5’ end of the plasmid ss DNA to the recipient cell through its “needle”. The 
transferred plasmid ss DNA is converted to ds DNA in the recipient cell. In this fi gure, the small plasmid has an oriT mimic (oriT’), there-
fore, relaxase also binds to the 5’ end of the small plasmid’s ss DNA, and recruits it to the mating pore for mobilization. For this conjugation 
process in S. aureus (MRSA), the donor and recipient cells must be in close contact because S. aureus (MRSA) has a thick peptidoglycan 
payler.
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Figure 2. Photographs of daptomycin-resistant small-colony variants (SCVs) derived from HA-MRSA ST239/SCCmecIII. Data are from ref-
erence [61]. (A) Normal growth of the wild type (right); and SCVs that emerged during treatment (left). (B) Transmission electron micrograph 
of the wild type. (C) Transmission electron micrograph of SCVs. Arrow indicate the thick cell walls of SCVs. SCVs also display irregular cell 
division.
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Abstract
Glyphosate (GLY) is the active ingredient of Roundup® and it is the most utilized herbicide worldwide in the 
maintenance of conventional agricultural crops, and lawns in parks. A growing number of studies have associated 
environmental GLY to different pathologies such as obesity, diabetes, heart disease, Alzheimer’s disease, depression, 
and autism. Different fi sh species have been used for a long time as experimental biological models to measure the 
environmental impact of different substances. Therefore, the present study approached the possible association 
between the exposure to GLY / Roundup® and the ecotoxicological impact on fi sh reproductive health. With this 
goal, we performed a comprehensive analysis of the literature and its content by systematic review of international 
databases. Two independent electronic searches were performed on Medline / PubMed and Scielo for identifying 
relevant studies published in English up to September 2019. The application of inclusion / exclusion criteria settled 
the boundaries for this systematic review and after qualitative analysis of the data; we found evidences that suggest 
a link between the exposure to GLY / Roundup® with deleterious effects on reproductive health in eight different 
species of fi sh.
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Introduction

Glyphosate (GLY) or N-(phosphonomethyl)glycine has been a 
widely used herbicide during the last 30 years which destroys 
plants and microorganisms by inhibiting the shikimate 
pathway. It was considered as ‘practically non-toxic and not 
an irritant’ to both animals and humans since this biochemical 
route only exists in a small number of organisms that utilize 
the shikimic acid pathway to produce amino acids (e.g., green 
plants) [1, 2]. With all, a larger and growing body of literature 
has showed experimental evidence for potential adverse 
effects of GLY, its major metabolite aminomethylphosphonic 
acid (AMPA), as well as its commercial formulation Roundup®

in humans. Different groups have studied the potential 
deleterious effects of GLY / Roundup® in the context of 
diverse and apparently unrelated human pathologies such as 
carcinogenesis and autism spectrum disorders (ASD), with 
particular interest on data suggesting mechanisms that may 
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undergo undetected in traditional toxicology studies, such as 
disruption of microbiome balance endocrine system at very 
low concentrations [3, 4]. As for physiological conditions, most 
causes of developmental aberrancies in animals are thought 
to deal with multifactorial gene-environment interactions and 
probably one the most important factor currently affecting 
human health is the close exposure to pesticides [5-9]. In 
addition, various reasons have been hypothesized for the 
growing human infertility rate, and environmental pollutants 
have been associated with this change [10-12]. On the basis 
of current knowledge of reproductive biology and toxicology, 
it is clear that many chemicals affecting reproduction may 
elicit their reproductive toxicity at a number of sites in both 
the male and the female reproductive system, interfering with 
reproductive ability or capacity with subsequent effects on 
lactation and the development of the offspring [13].

© 2019 Fares Zeidán-Chuliá. This is an open access article distributed under the 
Creative Commons Attribution-NonCommercial-NoDerivs license (http://creative-
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GLY is used for weed control in both cultivated and uncultivated 
areas and it is highly water-soluble [14]. This characteristic 
increases the risk for GLY and its adjuvants in their commercial 
formulation to contaminate surface and ground waters in 
application areas and therefore represents a serious threat to 
the ecological balance of the affected regions.
As a model organism, some general characteristics make 
many fi shes valuable for pathological and toxicological 
studies with relevance in human health [15] and include: 
1) high fecundity with externally fertilized, often transparent 
eggs, as well as relatively brief generation times (perfect 
feature for reproductive studies), and 2) easy exposure 
of aquatic animals to water-soluble compounds (e.g., 
contaminants, new drugs, and chemicals) through a relatively 
large epithelial surface area of   gills and skin. 
Thus, in the present systematic review, we search for literature 
evidence regarding the potential interrelation between the 
exposure to GLY / Roundup® and changes in reproductive 
health indicators of fi sh species.

Methods

1. Systematic review question
Is there an interrelation between the exposure to GLY / 
Roundup® and changes in reproductive health in different 
fi sh species?

2. Search strategy
The literature was screened to fi nd published articles linking 
GLY / Roundup® exposure to differences in reproductive health 
Indicators of fi shes. Comprehensive and systematic electronic 
searches were performed on Medline / Pubmed (https://www.
ncbi.nlm.nih.gov/pubmed/) and Scielo (http://www.scielo.
org/php/index.php?lang=es) databases by two independent 
investigators (IAC and FZC), started from 16 January 2018 until 
20 September 2019. The following terms were used: [“Roundup” 
or “Glyphosate”]) AND ([Reproduction] or [Reproductive health] 
or [Fertility] or [Infertility]. Duplicate references were excluded 
and analyzed by the same two reviewers (IAC and FZC) based 
on inclusion and exclusion criteria. The authors performed a 
hand search of the reference lists from the selected published 
articles (in addition to the electronic search) to identify potentially 
missing studies / data that may deserve qualitative analysis in 
the present systematic review.

3. Selection criteria
Articles were included only if they dealt with evidence linking 
the exposure to GLY / Roundup® and changes in reproductive 
health in fi sh without time restrictions, based on the following 
inclusion criteria:

a.  Only studies published in English;
b. Studies performed in fi sh species (male & female 

animals);
c. Studies that allow access to their specifi c data;
d. The most recent data will be preferred in case of 

duplication.

4. Selection of studies
The rigorous screening was independently conducted by two 
reviewers (IAC and FZC) with the predefi ned eligibility criteria 
above. Every study was identifi ed and classifi ed by its title 
and abstract to selection criteria. After initial screening of titles 
and abstract, the full articles were evaluated by the same 
reviewers. Situations of disagreement between authors were 
solved after discussion. For the second screening phase, 
the complete published article was read, analyzed, and 
discussed between both reviewers. Data regarding the study 
design and characteristics, sample size, year of publication, 
and limitations were collected from each included article.

Results and Discussion 

The fi rst electronic screening (see Figure 1 displaying the 
fl owchart of the study selection) resulted in 148 titles from 
Medline / Pubmed and none from Scielo databases, in which 
no duplicated papers were found. Thus, a total of 148 articles 
were considered for potential inclusion. From those, 139 
articles were excluded based on title and abstract (theoretical 
reviews and hypothesis with no experimental data were not 
considered), resulting in 10 full-texts that were identifi ed (1 
additional full-text article was included by manual search), 
according to the inclusion criteria in this systematic review 
(Table 1). In total, eight different fi sh species corresponding 
to eight different families were utilized in the selected studies 
(e.g., Rhamdia quelen,  Jenynsia multidentata, Poecilia 
vivipara, Danio rerio, Astyanax lacustris, Hypomesus 
transpacifi cus, Astrolebias nigrofasciatus, and Oryzias 
latipes) displaying changes in reproductive health indicators 
such as number of copulations, mating and hatching success, 
sperm quality, embryo mortalities and/or malformations, and 
number of copulations among others (Figure 2).
In 2007, Soso et al. showed that the eventual entrance of sub-
lethal doses of GLY into the ponds may have deleterious effects 
on R. quelen reproduction; and additionally, that the chronic 
and/or repeated exposure to this pesticide can negatively 
alter R. quelen reproduction [16]. Five years later, Hued´s 
group demonstrated that acute and subchronic exposures 
to Roundup® induced a diversity of gill and liver histological 
alterations in the neotropical fi sh J. multidentata that might 
impair normal organ functioning and also caused decreased 
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sexual activity in male fi sh exposed to the herbicide for 7 and 28 
days [17]. Furthermore, sperm quality seems to be also affected 
by Roundup® exposure. In this sense, a Brazilian study in 
2013 showed detrimental effects in plasma membrane integrity 
and mitochondrial functionality in spermatic cells of P. vivipara 
induced by this herbicide at realistic concentrations, and thus 
capable of generating consequent changes in fi sh populations 
of P. vivipara [18]. Not only male individuals are affected but 
female gametocytes were also shown to have an impact after 
GLY exposure. In particular, the concentration of GLY used 
by Armiliato and colleagues (2014), which corresponds to the 
maximal concentration of this herbicide allowed for Brazilian 
inland waters, was suffi cient to induce ovarian changes in D. 
rerio females associated with higher steroidogenic factor 1 (SF-
1) expression [19]. As for Harayashiki´s study (2013) [18] in P. 
vivipara, the effect of GLY on sperm quality was also investigated 
in D. rerio in 2014 [20]. Interestingly, this was the fi rst study that 
demonstrated the harmful effects of GLY per sé in this fi sh, such 
as damaged sperm DNA, reduced integrity of the mitochondrial 
membrane and functionality, as well as decreased sperm 
motility [20]. In the same year, Uren Webster and collaborators 
demonstrated that both 10 mg/L Roundup® and 10 mg/L GLY 
exert a similar adverse impact on embryo survival and hatching, 
while 10 mg/L GLY reduces egg production [21]. Further studies 
focused concentration that is within legal limits in U.S.A and 
even in the more stringent limit set in Brazilian law and studied 
the effects of low concentrations of GLY-based herbicide in A. 
lacustris. Goncalves et al. observed that some spermatic cells 
submitted to GLY-based herbicides were able to survive and kept 
alive, but sperm motility was not detected, leading a signifi cant 
lower sperm quality [22].
The application of herbicides has also been considered 
effective for limiting the growth of invasive aquatic plants. With 
all, the putative adverse effects of these herbicides on non-
targeted organisms are not well studied and thus, the possible 
impact on aquatic ecosystems. With this porpoise, Jin et al. 
(2018) evaluated the effect of four herbicides (penoxsulam, 
imazamox, fl uridone and GLY) on Delta Smelt´s reproductive 
and detoxifi cation systems, showing that both acute exposure 
to fl uridone and GLY exert the most detrimental effects when 
compared to penoxsulam and imazamox in H. transpacifi cus 
[23]. It is not clear yet how GLY and other herbicides may 
affect ephemeral wetlands but the literature provides data 
highlighting the effect of Roundup® exposure not only in 
fi sh reproduction, but also in embryonic diapause and the 
embryonic upper thermal tolerance of other species such as 
A. nigrofasciatus [24]. In particular, 96 hours of exposure to 
the low and environmentally relevant Roundup® concentration 
of 0.36 mg a.e./L can signifi cantly decrease fi sh fertility and 
its embryonic thermal tolerance [24]. Most of these reports 
[16-24] show evidence for direct toxicity and the question 
remaining would be whether exposures with low doses of 

GLY / Roundup® may lead to adult onset toxicity through 
epigenetic-based mechanisms. At least one recent study 
from Smith and collaborators (2019) supports this idea and 
explains how Roundup® and its active ingredient GLY may 
induce developmental, reproductive, and epigenetic effects 
such as changes in the expression of reproductive genes 
in the brain, genes Involved in sex differentiation and gonad 
development of Japanese medaka (O. latipes) [25]. 
For humans, sources of exposure to GLY / Roundup® are 
numerous and affect a large segment of the general population. 
Those ones include dermal exposure from residential and 
commercial use, as well as inhalation through spray drift in 
high farming areas and through food consumption [26, 27]. On 
the other hand, fi sh models provide a number of exceptional 
advantages for biomedical research: 1) they require small 
laboratory infrastructure and can be bred and maintained in 
large numbers easily and at low cost, 2) they offer the chance 
to combine the analytical clarity of developmental biology with 
the power of genetics, and fi nally 3) that transgenic lines can be 
quickly generated [28]. We believe that the toxicological data in 
fi sh models presented in this systematic review suggest the 
need for further studies exploring the effects of GLY / Roundup® 
on reproductive health in humans.

Conclusion 

The results of the present systematic review demonstrate 
an association between GLY / Roundup® exposure and 
deleterious effects in fi sh reproduction refl ected in dramatic 
changes in indicators of reproductive toxicity, and also provides 
a signifi cant insight into ecological risks rendered by GLY 
and Roundup® exposure. Most importantly, we believe that 
further studies should be performed to elucidate any potential 
parallelism in the context of human reproductive health.
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Figure Legends

Figure 1. Graphical abstract representing the article selection fl ow chart of the present systematic review and selection criteria.
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Figure 2. Graphical summary of the results extracted from the present systematic review.
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Table Captions

 Table 1. Literature evidence for the possible deleterious impact of GLY / Roundup® in reproductive health indicators of fi shes. 
The table summarizes the main results of ten studies included in this systematic review. The table is organized by year of publication.

TÍTLE AUTHOR / 
YEAR

COUNTRY PMID MATERIAL FISH 
SPECIES

CONCLUSIONS

Chronic exposure to sub-lethal 
concentration of a glyphosate-
based herbicide alters hormone 
profi les and affects reproduction
of female Jundiá (Rhamdia 
quelen)

Soso et al., 
2007

Brazil 21783773 Ovaries and blood 
samples taken from 
8 females of each 
treatment immediately 
before or at 1, 10, 20, 
30, and 40 days after 
exposure

Rhamdia 
quelen

The author's data indicated that the presence of 
glyphosate in water was deleterious to Rhamdia 
quelen reproduction, altering steroid profi les and 
egg viability

Exposure to a commercial 
glyphosate formulation 
(Roundup®) alters normal gill 
and liver histology and affects 
male sexual activity of Jenynsia 
multidentata (Anablepidae, 
Cyprinodontiformes)

Hued et 
al.,
2012

Argentina 21643816 Adult male and female 
individuals of the com-
mon native species 
exposed to a sublethal 
Roundup® concentra-
tion (0.5 mg / l) for 7 
and 28 days

Jenynsia 
multiden-
tata

Roundup® also altered the normal histology of 
the organs studied and caused a signifi cant 
decrease in mating number and mating success 
in male fi sh exposed to the herbicide

Toxic effects of the herbicide 
Roundup in the guppy Poecilia 
vivipara acclimated to fresh 
water

Harayas-
hiki et al., 
2013

Brazil 24036434 Tissue sample (brain, 
muscle, gills, and liver) 
and adult fi sh sperm

Poecilia 
vivipara

Male Guppies exposed to Roundup® had lower 
sperm quality, measured as reduced plasma 
membrane integrity, mitochondrial functionality, 
DNA integrity, motility, motility period, and sperm 
cell concentration than those maintained under 
control (without water addition)

Changes in Ultrastructure and 
Expression of Steroidogenic 
Factor-1 in Ovaries of Zebraf-
ish Danio rerio Exposed to 
Glyphosate

Armiliato et 
al., 2014

Brazil 24617544 Ovaries (n = 18 
per triplicate) were 
exposed to glyphosate 
for 15 days

Danio 
rerio

A signifi cant increase in oocyte diameter was 
observed after glyphosate exposure (65 μg / 
L) and the presence of concentric membranes, 
appearing as myelin-like structures, associated 
with mitochondrial outer membranes and with 
calf granules. In addition, higher expression of 
steroidogenic factor-1 (SF-1) was found in oo-
cytes, suggesting a relationship between oocyte 
growth and SF-1 expression.

Effect of glyphosate on the 
sperm quality of zebrafi sh 
Danio rerio

Lopes et 
al., 2014

Brazil 25089920 Adult fi sh sperm Danio 
rerio

The authors investigated sperm quality in Danio 
rerio after 24 and 96 h of glyphosate exposure at 
concentrations of 5 and 10 mg / L. Their results 
showed a decrease in sperm motility. Mitochon-
drial functionality, membrane and DNA integrity 
were also reduced at the highest concentra-
tion during both exposure periods. These data 
showed that glyphosate may induce detrimental 
effects on reproductive parameters in D. rerio 
and that this change would reduce the fertility 
rate of these fi sh.

Effects of glyphosate and its 
formulation, Roundup®, on 
reproduction in zebrafi sh 
(Danio rerio)

Uren 
Webster et 
al., 2014

UK 24364672 Embryos from 21 day 
rearing exposure of 
zebrafi sh (Danio rerio) 
at 0.01, 0.5 and 10 mg 
/ L (glyphosate acid 
equivalent) Roundup® 
and 10 mg / L glypho-
sate

Danio 
rerio

Both 10 mg / L Roundup® and glyphosate 
increased early embryo mortality and premature 
hatching. However, exposure during embryogen-
esis alone did not increase embryonic mortality, 
suggesting that this effect was mainly caused by 
exposure during gametogenesis.
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Table 1 (continued)

TÍTLE AUTHOR / 
YEAR

COUNTRY PMID MATERIAL FISH 
SPECIES

CONCLUSIONS

Low concentrations of glypho-
sate-based herbicide cause
complete loss of sperm motility 
of yellowtail tetra fi sh Astyanax 
lacustris

Gonçalves 
et al., 2018

Brazil 29488225 Adult fi sh sperm (10 
individuals)

Astyanax 
lacustris

The authors showed that relevant environmental 
concentrations of glyphosate-based herbicides 
(50 μg l - 1, 300 μg l – 1, and 1800 μg l – 1) can 
affect the sperm quality of Astyanax lacustris 
fi sh. Sperm viability was impaired by 300 μg l - 1, 
a concentration that is within legal limits in US 
water bodies, while motility was impaired by 50 
μg l - 1, which is the strictest limit established by 
law.

Sub-lethal effects of herbicides 
penoxsulam, imazamox, fl uri-
done and glyphosate on Delta 
Smelt (Hypomesus transpaci-
fi cus)

Jin et al., 
2018

USA 29448126 Liver and brain tissues 
of adult male and 
female fi sh
(5 females and 5 
males) in triplicate per 
treatment

Hypome-
sus trans-
pacifi cus

The authors found that 17β-estradiol concentra-
tions were signifi cantly increased in female and 
male fi shes exposed to 0.21 μM fl uridone and in 
male fi shes exposed to 0.46, 4.2, and 5300 μM 
glyphosate. GSH concentrations decreased in 
males exposed to 2.8 μM of fl uridone and higher 
concentrations, and 4.2 μM glyphosate

A glyphosate-based herbicide 
reduces fertility, embryonic 
upper thermal tolerance and 
alters embryonic diapause 
of the threatened annual fi sh 
Austrolebias nigrofasciatus

Zebral et 
al., 2018

Brazil 29306198 Embryos from a total 
of 12 mating pairs of 
A. nigrofasciatus

Aus-
trolebias 
nigrofas-
ciatus

The results showed that fi sh couples exposed to 
0.36 mg a. Roundup® e./L produced fewer but 
larger embryos. In addition, embryos exposed 
to 3.62 mg a. Roundup® e./L had a reduced 
proportion of pigmented embryos 30 days after 
exposure. In addition, embryos exposed to 0.32 
mg a. Roundup® e./L had a critical maximum 
thermal reduction of 2.6 °C and was more 
sensitive to smaller increases in heating rates. 
Their data indicated that Roundup® has nega-
tive results on fi sh reproduction and embryonic 
development

Developmental and epigenetic 
effects of Roundup and glypho-
sate exposure on Japanese 
medaka (Oryzias latipes)

Smith et 
al., 2019

USA 30875550 Embryos were 
exposed to 0.5 mg/L 
glyphosate, 0.5 mg/L 
and 5 mg/L Roundup®  
(glyphosate acid 
equivalent) for the fi rst 
15 days of
their embryonic life 
and then allowed to 
sexually mature with-
out further exposure

Oryzias 
latipes

Relevant concentrations of both Roundup® and 
glyphosate caused developmental abnormali-
ties and
epigenetic alterations in post-hatch medaka and 
alterations in expression of genes critical
for reproduction in adulthood
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Abstract
Miniaturisation of ultrasound equipment in the form of a tablet- or smartphone-sized scanner is the result of rapid 
development of modern medical technology. Availability of mobile ultrasound devices has changed our approach to 
diagnostics of many cardiovascular diseases. Mobile visualisation can be performed at the patient’s bedside and is 
simple in use. The information obtained from mobile visualisation, despite being incomplete, is of undoubtable value 
for rapid diagnosis which leads to early treatment onset. These devices possess unique characteristics: low cost, wide 
availability, safety, and precision. These characteristics make them usable in different clinical scenarios by operators 
of different specialties and expertise. Visualisation and interpretation of the images is done fast and provides useful 
diagnostic, prognostic and treatment data for each situation. This review devotes main attention to the regulation of 
application of mobile ultrasound devices, the notion of “focus cardiac ultrasound” and its differences from emergency 
and elective expert echocardiography protocols as well as limitations and numerous advantages related to usage of 
mobile ultrasound systems.
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Introduction

Cardiovascular ultrasound is imaging with unique 
characteristics: it is safe, inexpensive, widely available, 
reproducible and precise. In fact, this is the most used method 
of cardiac visualization in clinical practice. Application of 
different echocardiography methods makes it possible to 
study the cardiac structure and intra-cardiac haemodynamic 
parameters in detail. 1-dimension (M-mode), 2-dimension 
(2D) and 3-dimension (3D) scanning determine dimensions 
and volumes of cardiac chambers, systolic function and 
the status of the valvular apparatus. Doppler (pulse-
wave and continuous-wave) methods make it possible to 
conduct precise assessment of trans-valvular fl ows, tissue 
Doppler imaging (TDI) and longitudinal deformation or 
longitudinal strain (2 LDS) are capable of revealing clinical 
or subclinical systolic and diastolic dysfunction [1]. All 
collected echocardiography data has confi rmed diagnostic 
and prognostic value [2].
Over many decades, echocardiography equipment was 
stationary, ultrasound scanning was performed in specially-
outfi tted echo-laboratories and functional/ultrasound 
diagnostics doctors were the only competent operators. 
With technological development, echocardiography 
equipment has become mobile, portative and miniaturised, 
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and ultrasound application has become more widespread: 
at the patient’s bedside, in more varied clinical situations, 
for patients in the critical state. This served as a clinical 
“substrate” for expansion of professional competencies 
in clinicians [3]. In 2018, a new professional standard for 
the cardiologist was published in Russia. According to 
this standard, performing transthoracic ultrasound cardiac 
imaging is considered to be one of the competencies of this 
type of specialist1.
At the present time, different types of equipment are 
available with different sizes, options and diagnostic 
capabilities. This review is devoted to application of mobile 
ultrasound devices, their limitations and advantages 
associated with their usage.
Examinations using this equipment can be easily and 
rapidly performed and make it possible to collect main data 
for diagnostics in clinical scenarios. These scanners may be 
used by doctors in different areas of knowledge, in different 
clinical situations, especially in emergencies. Availability of 

© 2019 Olga Dzhioeva. This is an open access article distributed under the Creative 
Commons Attribution-NonCommercial-NoDerivs license (http://creativecommons.
org/licenses/by-nc-nd/3.0/).

Mini-Review Article • DOI: http://dx.doi.org/10.2478/medu-2019-0018 Medical University • 2(4) • 2019

1Order: “On approval of the “Cardiologist” professional standard”. The Ministry 
of Labour and Social Protection of the Russian Federation dated 14 March 
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Table 1. The differences between FoCUS and 
expert emergency echocardiography

FoCUS Expert emergency echocardiography

Decision making (tar-
geted ultrasound)

Standard echocardiographic evaluation

Standard, but concise 
protocol

Full evaluation of intra-cardiac haemodynam-
ics using an arsenal of additional means

The clinical decision is 
made by the operator

Ultrasound/functional diagnostics  doctor 
(independent opinion)

FoCUS training The doctor is specialised in echocardiography

Available usage of 
mobile devices

A fully-equipped cardiac ultrasound scanner

Focus echocardiography in different clinical sce-
narios: when to use it

The FoCUS may be used in many situations and numerous 
scenarios with different imaging protocols for stable or 
unstable patients. The area of application is relevant to both 
outpatient and inpatient settings and usage by operators in 
different specialties. Such linear measurements are available 
as left and right chamber sizes, wall thickness, dimensions 
of aorta and inferior vena cava, revealing of signifi cant 
valvular regurgitation [9, 10]. Many studies described in 
the literature have shown that mobile ultrasound systems 
provide more precise diagnosis that standard physical 
examination for most widespread cardiovascular diseases 
and FoCUS results are in favourable correlation with 
standard echocardiography [9-12]. Thus, with consideration 
to the new standard for the cardiologist, mobile ultrasound 
is to be considered a new modern tool for a clinician. 
It serves as a basis for making decisions regarding the 
tactics of patient management including the necessity of 
expert echocardiographic examination. Therefore, focus 
imaging is not an alternative or a replacement for standard 
echocardiography. Quite the reverse, it allows to reveal 
more precisely which patients and in what order require 
the full protocol and which patients do not at this moment 
in time. FoCUS is suitable for screening of structural heart 
diseases in stable patients making it possible to perform 
early diagnostics, determined prognostic stratifi cation and 
the necessity for more precise cardio-visualisation methods. 
The focus protocol might rapidly reveal/exclude change in 
qualitative contractility indices. wall motion abnormalities, 
systolic ventricular dysfunction. Left ventricle hypertrophy 
may be calculated knowing the height, weight and gender 

mobile devices in real clinical practice has changed almost 
all aspects of our daily routine.

Differentiation of echocardiographic equipment: 
from standard expert transthoracic echocardiogra-
phy to focus ultrasound cardiac imaging

Standard expert transthoracic echocardiography performed 
in specialised laboratories by expert echocardiographers 
provides information about heart dimensions, morphology, 
function and intra-cardiac haemodynamics. This is achieved 
through application of stationary system equipped with 
different modal systems and conversion units: 2D, M-mode, 
Doppler (pulse-wave, continuous-wave and color), TDI, 
transesophageal access (TEE), 2 LDS, 3D-echo and stress-
testing. During the examination, all methods may be used if 
necessary. The assessment is performed in a certain order 
using standard positions of transthoracic echocardiography 
with complex alterations in cardiac structure, function and 
haemodynamics with obligatory ECG-synchronisation [4].
Portative machines have smaller sizes and make it possible 
to perform basic complex analysis using 2D, M-mode, 
pulse-wave, continuous-wave and colour Doppler. As a 
rule, they do not feature advanced modalities, the quality 
of images is good and the examination will considered 
clinically complete. The concluding report describes all 
main morphological and functional characteristics of intra-
cardiac haemodynamics.
Mobile ultrasound systems are the most mobile devices: a 
smartphone, a tablet or a sensor synchronised with these 
devices. They are very simple to use and have a limited 
number of main elements for depth and intensifi cation 
control, as well as for saving of images (JPEG format) 
and small loops (MPEG-4 format). Available evaluations 
are limited to simple distance and surface assessment. 
The devices only have 2D-modality and colour Doppler, 
some systems allow using M-mode. Nevertheless, real-
time 2D-modality and colour Doppler, imaging region, 
frame rate and conversion are analogical to those of expert 
scanners. Images provide good visualisation quality, which 
makes it possible in most cases to establish a correct 
fi nal diagnosis [5-8]. The evaluation is performed with a 
limited number of positions. Oftentimes, the evaluation 
is qualitative with bimodal (yes/no) or semi-quantitative 
response. It is an enhancement for physical examination 
capabilities and emphasises detection of specifi c signs 
leading to the answer to diagnostic suspicions in particular 
clinical circumstances. It is also called FoCUS (focused 
ultrasound) as it is focused on collection of limited data [9-
10] (see Table 1).
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of the patient, signs of systemic congestion, signifi cant 
valvulopathies, aortic ectasia, pulmonary pleurae and 
pericardium separation, ultrasound profi le of the lungs [11-
13] (see Figure 1).
For unstable patients, mobile ultrasound provides immediate 
valuable information regarding critically important states that 
aids in revealing/excluding different pathologies, assess the 
clinical status and the prognosis [6, 13]. Numerous FoCUS 
protocols have been offered in the literature in order to 
standardise the procedure. In daily practice, collection of 
data depends on the goal of imaging rather than on a specifi c 
protocol due to the variability of clinical scenarios.

Prospects of focus echocardiography development 
in Russia

While FoCUS is a simplifi ed variant of ultrasound imaging 
with a limited protocol, it is an optimal modern method of 
clinical examination by a medical doctor.

In reality, cardiologists, general practitioners, anaesthesiologists 
and resuscitation specialists often use a limited ultrasound 
protocol in daily practice. Some studies have shown that a short 
training is enough to perform FoCUS and interpret its results. 
Consistency of FoCUS and standard echocardiography results 
is satisfactory, performance of the trainee improves within a short 
period of time and variability of observers is low [14-16].
European guidelines regarding cardio-visualisation declare 
training to use mobile ultrasound systems (see Figure 2) 
for students, young specialists and specialists seeking to 
enhance their competencies as one of the goals. The training 
is performed with a teacher controlling appropriate acquisition 
of the image. At fi rst, interpretation of the data is discussed 
together with consequent transition of each operator to self-
standing acquisition and interpreting of the data.
Specifi c education and training to use mobile devices 
is achieved through individual interpretation of 25-50 
examinations [15]. At present, focus echocardiography 
educational programmes are being introduced into the 
National Medical Research Center for Preventive Medicine 
of the Ministry of Healthcare of the Russian Federation.

Figure 1. A mobile ultrasound device used by an admitting general practitioner in the setting of a city clinical hospital
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a replacement for echocardiographic examination but a 
clinical tool analogical to a stethoscope for early diagnosis 
(at the patient’s bedside), determining of aetiology and 
pathophysiology of the event and prognostic stratifi cation. 
In certain clinical situations, routine usage of mobile 
ultrasound is immensely useful.

Confl ict of Interest Statement

This article did not receive any external funding. Therefore, it 
is declared that there is no confl ict of interest regarding this 
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Conclusion

Application of mobile ultrasound devices has completely 
changed the approach to management of cardiovascular 
patients.
Portable devices make it possible to obtain basic information 
regarding morphology of the heart and its function in 
both haemodynamically stable and unstable patients. 
They enhance physical examination through a short and 
simplifi ed focus ultrasound protocol aimed at achievement 
of rapid diagnostics, early treatment and basic monitoring of 
cardiovascular diseases.
It is a limited method, but it is fast, reproducible and 
simply performed. The training is short (although highly 
information-bearing) and can be used for doctors in 
different specialties. The FoCUS is not to be considered 

Figure 2. A mobile ultrasound system general practitioner in the setting of a city clinical hospital 



138

Medical University

References

1. Cardim N, Dalen H, Voigt JU, Ionescu A, Price S, Neskovic AN, et 
al. The use of handheld ultrasound devices: A position statement 
of the European Association of Cardiovascular Imaging (2018 
update). Eur Heart J Cardiovasc Imaging. 2019;20(3):245–52. 
https://doi.org/10.1093/ehjci/jey145

2. Mitchell C, Rahko PS, Blauwet LA, Canaday B, Finstuen JA, 
Foster MC, et al. Guidelines for Performing a Comprehensive 
Transthoracic Echocardiographic Examination in Adults: Recom-
mendations from the American Society of Echocardiography. J 
Am Soc Echocardiogr. 2019;32(1):1–64. https://doi.org/10.1016/j.
echo.2018.06.004 

3. Douglas PS, Khandheria BJ, Stainback RF. ACCF/ASE/ACEP/
ASNC/SCAI/SCCT/SCMR 2007 appropriateness criteria for 
transthoracic and transesophageal echocardiography: A re-
port of the American College of Cardiology Foundation Quality 
strategic directions committee appropriateness criteria working 
group, American Society of Echocardiography, American College 
of Emergency Physicians, American Society of Nuclear Cardiol-
ogy, Society for Cardiovascular Angiography and Interventions, 
Society of Cardiovascular Computed Tomography, and the So-
ciety for Cardiovascular Magnetic Resonance. Endorsed by the 
American College of Chest Physicians and the Society of Critical 
Care Medicine. J Am Coll Cardiol. 2007;50(2):187–204. https://
doi.org/10.1016/j.jacc.2007.05.003

4. Picard MH, Adams D, Bierig SM, Dent JM, Douglas PS, Gillam 
LD, et al. American Society of Echocardiography Recommenda-
tions for Quality Echocardiography Laboratory Operations. J Am 
Soc Echocardiogr. 2011;24(1):1–10. https://doi.org/10.1016/j.
echo.2010.11.006

5. Razaak M, Martini MG, Savino K. A Study on Quality Assess-
ment for Medical Ultrasound Video Compressed via HEVC. IEEE 
J Biomed Health Inform. 2014;18(5):1552–9. https://doi.
org/10.1109/JBHI.2014.2326891

6. Martini MG, Iacobelli L, Bergeron C, Hewage CT, Panza G, Piri 
E, et al. Real-time multimedia communications in medical emer-
gency—The CONCERTO project solution. In: Proceedings of 
the 2015 37th Annual International Conference of the IEEE En-
gineering in Medicine and Biology Society (EMBC), Milan, Italy, 
25–29 August 2015. Milan; 2015:7324–7. https://doi.org/10.1109/
EMBC.2015.7320083

7. Di Bello V, La Carruba S, Conte L, Fabiani I, Posteraro A, An-
tonini-Canterin F, et al. Incremental value of pocket-sized echo-
cardiography in addition to physical examination during inpatient 

cardiology evaluation: A multicenter Italian study (SIEC). Echocar-
diography. 2015;32:1463–70. https://doi.org/10.1111/echo.12910

8. Chamsi-Pasha MA, Sengupta PP, Zoghbi WA. Handheld Echo-
cardiography: Current State and Future Perspectives. Circula-
tion. 2017;136(22):2178–88. https://doi.org/10.1161/CIRCULA-
TIONAHA.117.026622

9. Spencer KT, Kimura BJ, Korcarz CE, Pellikka PA, Rahko PS, 
Siegel RJ. Focused Cardiac Ultrasound: Recommendations 
from the American Society of Echocardiography. J Am Soc 
Echocardiogr. 2013;26(6):567–81. https://doi.org/10.1016/j.
echo.2013.04.001

10. Nesković AN, Skinner H, Price S, Via G, De Hert S, Stankovic I, et 
al. Focus cardiac ultrasound core curriculum and core syllabus of 
the European Association of Cardiovascular Imaging. Eur Hear J 
Cardiovasc Imaging. 2018;19(5):475–81. https://doi.org/10.1093/
ehjci/jey006

11. Fukuda S, Shimada K, Kawasaki T, Fujimoto H, Maeda K, Inana-
mi H, et al. Pocket-Sized Transthoracic Echocardiography Device 
for the Measurement of Cardiac Chamber Size and Function. Circ 
J. 2009;73(6):1092–6. https://doi.org/10.1253/circj.cj-08-1076

12. Culp BC, Mock JD, Chiles CD, Culp WC. The Pocket Echo-
cardiograph: Validation and Feasibility. Echocardiogra-
phy. 2010;27(7):759–64. https://doi.org/ 10.1111/j.1540-
8175.2009.01125.x

13. Douglas PS, Garcia MJ, Haines DE, Lai WW, Manning WJ, Pa-
tel AR, et al. ACCF/ASE/AHA/ASNC/HFSA/HRS/SCAI/ SCCM/
SCCT/SCMR 2011 Appropriate use criteria for echocardiogra-
phy. J Am Soc Echocardiogr. 2011;24(3):229–67. https://doi.
org/10.1016/j.echo.2010.12.008

14. Panoulas VF, Daigeler AL, Malaweera AS, Lota AS, Baskaran 
D, Rahman S, et al. Pocket-size hand-held cardiac ultrasound 
as an adjunct to clinical examination in the hands of medi-
cal students and junior doctors. Eur Heart J Cardiovasc Imag-
ing. 2013;14(4):323–30.  https://doi.org/10.1093/ehjci/jes140

15. Alexander JH, Peterson ED, Chen AY, Harding TM, Adams DB, 
Kisslo JA. Feasibility of point-of-care echocardiography by in-
ternal medicine house staff. Am Hear J. 2004;147(3):476–81. 
https://doi.org/10.1016/j.ahj.2003.10.010

16. Ryan T, Berlacher K, Lindner JR, Mankad SV, Rose GA, Wang 
A. COCATS 4 task force 5: Training in echocardiography: En-
dorsed by the American Society of Echocardiography. J Am 
Soc Echocardiogr. 2015;28(6):615–27. https://doi.org/10.1016/j.
echo.2015.04.014



ATRIAL FLUTTER AS THE FIRST 
MANIFESTATION OF PROGRESSIVE 
CARDIAC CONDUCTION DISEASE 
IN A YOUNG APPARENTLY HEALTHY 
PATIENT: А CASE REPORT
I. Stepanenko1, D. Frolov1, V. Salukhov1, M. Didenko2, V. Kitsyshin1, Z. Khalaeva1, S. Kushnarev3

1 Molchanov First Department of Internal Medicine Postgraduate Training, Kirov Military Medical Academy, Saint Petersburg, Russian Federation
2 Kupriyanov First Department of Postgraduate Surgical Training, Kirov Military Medical Academy, Saint Petersburg, Russian Federation
3 Radiology Department, Kirov Military Medical Academy, Saint Petersburg, Russian Federation

Abstract
We reported a case of a twenty-one-year-old man with an atrial fl utter as the fi rst manifestation of progressive cardiac 
conduction disease. The patient was admitted to the cardiology department due to complaints of shortness of breath 
and a decrease in exercise tolerance, which had happened after physical exercises (running). During ambulatory 
ECG monitoring persistent AFL was observed with atrial rate 262-297 bpm and ventricular rate 26-136 bpm (average 
56 bpm). AV conduction was very variable – 4:1-14:1. The results of ambulatory ECG monitoring during the whole 
period of recording indicated signs of atrioventricular conduction disturbances. After cardioversion sinus rhythm 
was restored additional rhythm and conduction disorders were revealed.  Ambulatory ECG monitoring was performed 
two weeks after the initial one, and throughout this recording were registered sinus rhythm on the background of 
fi rst-degree AV block; transient Mobitz I AV block; and type 2 second-degree sinoatrial block. Trans-esophageal 
electrophysiology study was performed. During pharmacological denervation of the heart, signs of slowing of the 
atrioventricular conduction and sinus node recovery time persisted. These changes along with right bundle branch 
block were regarded as a progressive cardiac conduction disease with an apparently hereditary cause.
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Introduction

Progressive cardiac conduction disease (PCCD) is a 
hereditary,  potentially life-threatening [1] heart disease that is 
often primarily a genetic disease, but may also be associated 
with structural heart disease [2–4]. In this article, we report 
PCCD with atrial fl utter (AFL) as a manifestation. To our 
knowledge, there is only one similar case report, which has 
been presented in the available literature [5].

Case report

A young, apparently healthy twenty-one-year-old man was 
admitted to the cardiology department due to complaints of 
shortness of breath and a decrease in exercise tolerance, 
which had happened after physical exercises (running). 
The patient’s father died due to sudden cardiac death at 
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the age of 47 years. The physical examination revealed 
accelerated heart rate (102 bpm) and normal blood pressure. 
Examination of other organs and systems were without 
apparent pathology.
On admission to the cardiology department, the 
electrocardiogram (ECG) showed AFL with pretty regular 
ventricular rate, (98 bpm), right axis deviation, complete 
right bundle branch block (RBBB), left posterior fascicular 
block (LPFB). (Figure 1). Complete blood count showed an 
increase in the hemoglobin level to 167 g/L, in the biochemical 
blood analysis, the CPK level exceeded the upper limit of 
reference values (221.02 U/L), while the CPKMB level was 
normal. Other biochemical blood parameters were normal. 
Thyroid function was not impaired.
The echocardiography showed mild mitral regurgitation. 
The sizes and function of ventricles as well as thickness 
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monitoring during the whole period of recording indicated 
signs of atrioventricular conduction disturbances. Abdominal 
and thyroid ultrasound revealed no pathology.
The patient was successfully cardioverted by 50 J biphasic 
electrical cardioversion. After a short period of bradyarrhythmia 
(junctional rhythm 45 bpm, then accelerated junctional rhythm 
with atrioventricular (AV) dissociation 55-60 bpm) which 
required an additional 0.1% atropine (1.0 ml) administration, 
76 bpm sinus rhythm was restored. The patient received 
anticoagulant therapy with Rivaroxaban 20 mg once daily 
before cardioversion (11 days) and 6 weeks afterwards. 
According to the ambulatory ECG monitoring repeated two 
weeks after the initial one, throughout this recording were 

of myocardium were normal. Late gadolinium-enhanced 
cardiac magnetic resonance revealed no evidence of any 
specifi c pathologic abnormality including diagnostic features 
associated with cardiomyopathy or/and infl ammation, such 
as myocardial edema, global hypermedia, and focal necrosis, 
fi brosis, scar, etc. Similarly, chest computed tomography 
revealed no abnormality.
During ambulatory ECG monitoring persistent AFL was 
observed with atrial rate 262-297 bpm and ventricular rate 
26-136 bpm (average 56 bpm). AV conduction was very 
variable – 4:1-14:1. (Figure 2A). 74 pauses (more than 2500 
msec) were recorded with maximum duration – 3107 msec 
(without clinical symptoms). The results of ambulatory ECG 

Figure 1. 12-Lead ECG on admission (paper speed 50 mm/s) with AFL with pretty regular ventricular rate (98 bpm), right axis deviation, 
complete RBBB, LPFB. AFL, atrial fl utter; RBBB, right bundle branch block; LPFB, left posterior fascicular block.



Figure 2. Ambulatory ECG monitoring before (A) and after (B,C,D) cardioversion (speed of recordings 12.5 mm/s). (A) AFL with 4:1-14:1 AV 
conduction. (B) First-degree AV block. C. Second-degree AV block type 1. (D) Type 2 second-degree sinoatrial block. AFL, atrial fl utter; AV, 
atrioventricular.
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registered sinus rhythm on the background of fi rst-degree AV 
block (Figure 2B); transient Mobitz I AV block (Figures 2C); 
and type 2 second-degree sinoatrial block (Figure 2D).
A trans-esophageal electrophysiology study was performed. 
Sinoatrial conduction time (SACT) was 316 msec; maximal 
SNRT 1587 msec; rate-corrected sinus node recovery time 
(CSNRT) 712 msec; Wenckebach point was 120 impulses 
per minute. The effective refractory period (ERP) of the AV 
node was 400 msec (normal range 280–320 msec). After 3 
minutes on the background of pharmacological denervation 
of the heart, a sinus rhythm with a heart rate of 78 bpm (<80% 
of the proper value) was recorded; maximum SNRT was 
1370 msec; CSNRT 594 msec; Wenckebach point was 130 
impulses per minute; ERP of the AV node 360 msec. It was not 
possible to induce any tachyarrhythmias during programmed 
stimulation. Conclusion: during pharmacological denervation 
of the heart, signs of slowing of the atrioventricular conduction 
and sinus node recovery time persisted.
Genetic testing was not available at the time of patient 
hospitalization.

Thus, the following diagnosis was made: primary progressive 
cardiac conduction disease (PCCD) with sick sinus syndrome 
in the form of transient second-degree sinoatrial block type 2 
and paroxysmal AFL; conduction disturbance in the form of 
a permanent fi rst-degree AV block; transient second-degree 
AV block type 1; complete right bundle branch block and left 
posterior fascicular block; without heart failure.
The patient was discharged without health complaints, 
and with the recommendations to repeat ambulatory ECG 
monitoring and to be under cardiologist observation.

Discussion

Along with the progressive delay of impulse conduction 
through the His-Purkinje system, atrioventricular block, right or 
left bundle branch block (RBBB or LBBB), and development of 
syncopal states, PCCD can lead to such fatal consequences 
as sudden cardiac death [6]. In this regard, especially if the 
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patient has a family history of sudden death of fi rst-degree 
relatives, the presence of signs of PCCD dictates the need 
to assess risks for the patient and determine the tactics of 
observation and treatment, including the consideration of 
pacemaker (PM) implantation [7].
AFL, which was the direct cause of the patient’s admission 
to the hospital, is rare at a young age, and has the most 
common association with structural heart diseases, including 
rheumatic heart disease, inherited pathology, and various 
forms of cardiomyopathy. Despite the fact that according 
to a number of studies, the risk of thromboembolism in AFL 
is relatively low [8], the recovery of sinus rhythm in young 
patients is preferred [9]. Successful cardioversion in this 
clinical case also allowed us to study in detail the status of 
the cardiac conduction system of the patient.
Anamnesis (the father died from sudden cardiac death) 
suggests that the pathology seems to be hereditary. In this 
regard, the question of the need for genetic testing was 
raised, but according to the current HRS/EHRA Expert 
Consensus Statement on the State of Genetic Testing for 
the Channelopathies and Cardiomyopathies, genetic testing 
has the recommendation class IIb (may be considered) [10]. 
The prerequisite for conducting a genetic examination in this 

case would be the presence of concomitant hereditary heart 
disease, which was not confi rmed during a comprehensive 
examination of the cardiovascular system.
The rare case presented here demonstrated that PCCD 
can manifest with supraventricular arrhythmia, which has 
become an independent factor in the deterioration of the 
patient’s well-being. Given that the disease has a progressive 
development, such patients should be closely monitored 
by a cardiologist, so that when the indications appear, the 
implantation of a pacemaker and the catheter ablation of the 
atrial fl utter may be done in a timely manner.
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Abstract
Objective: to know the prevalence of depression in patients with moderate-severe acne vulgaris.
Hypothesis: the incidence of depression increases in patients with moderate-severe acne vulgaris and will therefore 
decrease the quality of life.
Background: acne is a very frequent dermatosis in the outpatient clinic, it is not considered a life-threatening disease. 
It has been associated with negative emotional status. Also, suffering from it for a long time has been associated with 
depression, anxiety and frustration. The complications of acne in the psychosocial aspect are related to academic or 
vocational performance, self-esteem and adolescents’ quality of life.
Materials and Methods: the type of study was retrospective cross-sectional descriptive observational study. The 
sampling was carried out at the facilities of the Popular Autonomous University of the State of Puebla, taking into 
account any person within the institutional organisation within the range of 12-20 years of age, with a total of 50 
participants. The Hamilton assessment scale of depression and the Cardiff Acne disability index were applied to all 
patients with dermatological diagnosis of moderate-severe vulgar acne in a period between February-October 2019.
Results: a total of 50patients were analysed, of which 28 were women aged 12 to 20 years and 22 men (28 women and 
13 men) and severe acne in 9 patients, all over 17 years of age and male. According to the degree of depression, 28% 
(n = 14) of the patients were obtained without some degree of depression; 60% (n = 30) with minor depression; 12% 
(n = 6) with moderate depression. Regarding the quality of life: 40% (n = 20) of the patients showed good quality of 
life, 46% (n = 23) regular quality of life and 14% (n = 7) showed poor quality of life.
Conclusion: orderly study of the psychic impact of acne and other skin diseases on people suffering them is recent 
and is carried out through questionnaires that try to measure the impact the diseases have on the patients’ quality 
of life.

Keywords
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JUSTIFICATION AND PROPOSAL APPROACH
• What is the prevalence of depression in patients with 

moderate-severe acne vulgaris?
• How much does moderate-severe acne vulgaris affect 

the patient’s life quality?

HYPOTHESIS
• The incidence of depression increases in patients 

with moderate-severe acne vulgaris and will therefore 
decrease life quality

OBJECTIVES
• General objective: to know the prevalence of depression 

in patients with moderate-severe acne vulgaris

Corresponding author: C.A. Verdeja-Robles

E-mail: cesaralonso.verdeja@upaep.edu.mx

• Specifi c objectives: to determine the relationship 
between depression and decreased lie quality in patients 
with moderate-severe acne vulgaris

Introduction

Acne is a very frequent dermatosis in the outpatient clinic and 
is not considered a life-threatening disease. However, it is 
associated with negative emotional burden and its long-term 
progression has been associated with depression, anxiety 
and frustration. This results in poor quality of life when the 
patient does not receive treatment at early stages.
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Depression is a syndrome that manifests in emergence of 
affective symptoms (pathological sadness, decay, irritability, 
subjective feeling of discomfort and impotence in the face 
of life’s demands) and symptoms of cognitive, volitional or 
even somatic type. There is deterioration in appearance and 
personal appearance, slow movements, low tone of voice, 
sad or poor facial expression, easily evoked or spontaneous 
crying, low concentration, pessimistic ideation, hypochondriac 
complaints, alterations in the sleep rhythm. In addition, the 
emotional climate in the family and the patient’s social and 
economic situation should be considered. Depression affects 
350 million people around the world and, usually beginning at 
young ages, it is among the leading disabling diseases and 
has become a priority target of care worldwide [1-4]. 
Quality of life is defi ned as the “individual’s perception of their 
position in life in the context of the culture and value system in 
which they live and in relation to their objectives, expectations, 
standards and concerns” (1994). Today, the quality of life 
related to healthcare can be understood as values related to 
health, disease and treatment outcomes. It is also a dynamic 
and changing process that includes continuous interactions 
between the patient and their environment [4, 5].
Values of health-related quality of life measured through 
scales help healthcare personnel identify and assess the 
effect of the disease on the individual’s daily life activities. 
Application of such studies on treatment and quality of life in 
dermatology is recent. However, it is particularly interesting 
in this fi eld as skin diseases generally have strong effects 
on social relationships, psychological status and daily life 
activities [6-8].
Acne vulgaris is a chronic infl ammatory disease of the 
pilosebaceous unit. It is a worldwide dermatosis. In this 
context, it is estimated that within 9.4% of the population 
affected by this disease, the groups with the highest incidence 
are adolescents and young adults. Such individuals have had 
acne before the age of 21 in 80-90% of the cases. In addition, 
it constitutes one of the most common dermatological 
diagnoses.
The pathogenic factors involved are increase in sebum 
production by the sebaceous glands, alterations in 
keratinization, colonization by Propionibacterium acnes 
and activation of innate immunity followed by increase of 
infl ammatory factors.
In clinical terms, signs of non-infl ammatory acne include 
seborrhea, comedones with closed and open heads. The 
infl ammatory acne has papular, pustular and cystic lesions 
which, in turn, are divided into Ibero-Latin American grades 
published in 2014. The grades are mild, moderate and severe 
[9-12].
Topical medications are the mainstay of mild-to-moderate 
acne treatment. The most prescribed ones are retinoids, such 
as tretinoin, adapalene and tazarotene. They are considered 

as penetration facilitators for other topical medications and 
decrease free fatty acids in microcomedones. Benzoyl 
peroxide has keratolytic and antimicrobial effects on strains 
of Propionibacterium acnes [13, 14].
Systemic retinoids, such as isotretinoin, have keratolytic 
and anti-infl ammatory effectiveness. However, they are 
contraindicated during pregnancy due to their teratogenicity. 
The duration of treatment is usually up to 24 weeks 
depending on the severity of the acne or its relationship 
with concomitant diseases, such as polycystic ovarian 
syndrome in the case of female patients. Systemic antibiotics 
(doxycycline, minocycline clindamycin, trimethoprim with 
sulfamethoxazole or erythromycin) reduce colonization of 
Propionibacterium acnes. Oral contraceptives are part of 
acne treatment for women as long as their prescription is not 
contraindicated [15].
Complications of acne in the psychosocial aspect are related 
to academic or vocational performance, self-esteem and 
teenagers’ quality of life. Recently, some research have given 
greater weight to the study of emotional and psychosocial 
effects of acne despite the enormous work done to determine 
pathophysiology, risk factors and acne treatment.
Regarding life quality, some authors compare acne with 
chronic diseases, such as asthma, epilepsy, diabetes, low 
back pain, arthritis and coronary ischemic disease due 
to its great psychological effects on those suffering from 
them.
Disability in terms of quality of life in acne is considered in 
accordance with the severity of deteriorations assessed in 
quality of life and results in low self-esteem, isolation and 
restriction of activities.
Self-esteem is favorable or unfavorable attitude towards 
oneself. Currently, assessment of self-esteem is very relevant 
in the social context, especially for those who live relying 
on appearance and body image. In tenagehood, this social 
pressure regarding physical appearance is very intense, thus 
they live to be accepted in the standards that society itself 
dictates, whether with school groups, friends, social networks 
or even family.
Acne is also accompanied by feelings of shame, depression, 
negative self-attitude or physical appearance and poor 
satisfaction with one’s own body image [16]. A British study 
that recruited adults with dermatosis improved patients’ self-
esteem by prescribing isotretinoin. It was concluded in this 
study that acne treatment should be adequate in time and 
quality to avoid psychosocial complications [17].
Therefore, the Cardiff Acne Disability Index (CADI) was 
developed. It features understandable language and few 
points to assess, designed to be easily answered by the 
patient [18-20]. It is necessary to study the psychosocial 
effect and quality of life in young people with acne using 
validated and age-appropriate measures [21].
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Materials and Methods

Study type: Retrospective cross-sectional descriptive 
observational study
Population and sample: The sampling will be carried out at 
the facilities of the Popular Autonomous University of the 
State of Puebla, taking into account any person who is within 
the institutional organizational chart (students, teachers, 
administrative, surveillance and maintenance personnel) that 
are are between the range of 12-20 years of age, with a total 
of 50 participants.
Inclusion criteria:
• Age between 12 and 20 years old
• Students or professors of the UPAEP who come as 

patients to the CMU
• Patients with moderate-severe infl ammatory acne 

vulgaris
Exclusion criteria
• Patients > 20 years old
• Patients outside the UPAEP university community
Process:
The Hamilton assessment scale of depression and the 
Cardiff Acne disability index were applied to all patients with 
dermatological diagnosis of moderate-severe vulgar acne 
within the period of February-October 2019.

Results

A total of 50 patients were analyzed, including 28 women and 
22 men aged 12 to 20 years (28 women and 22 men). Severe 
acne was registered in 9 patients; all over 17 years of age and 
male (see Figure 1).
According to the degree of depression, 28% (n = 14) of the 
patients were observed to have any degree of depression; 
60% (n = 30) with minor depression; 12% (n = 6) with moderate 
depression (see Figure 2).
Regarding the life quality: 40% (n = 20) of the patients showed 
good life quality, 46% (n = 23) regulate quality of life and 14% 
(n = 7) poor life quality (see Figure 3).

Discussion

In this study, the majority of patients were female (56%), 
which does not coincide with what was reported by 
Santamaría-González and Valdés-Webster as acne was 
more frequent in men in that study. However, both studies 

agree that the perception of quality of life was better and 
studies compared subjects with and without acne with lower 
perception of life quality. In our study, we did not compare 
healthy and sick subjects with acne, but only patients with 
acne [21].
In another study in Malaysia with more than 400 patients 
found a higher prevalence of acne in male patients and our 
study in female patients. In that study, the authors used 
CADI, with results similar to ours in terms of quality of life 
in patients with acne because they associated poor quality 
of life in patients with more severe acne [22].
In more recent reviews, we found that there were 200 
teenagers with acne evaluated using four measurements in 
a Nigerian study. These were clinical degree and severity 
of acne, CADI, RSES self-esteem assessment (Rosenberg 
self-esteem scale). It was highlighted in their results that the 
quality of life was affected generating shame, frustration and 
aggressive attitude as their consequence. They concluded 
that the more severe the acne and residual spots are, the 
worse the quality of life of teenagers is [23-25].
Also, in a Turkish case-control study they used the global 
system to stage acne (global acne grading system), the 
dermatological quality of life index for children, the pediatric 
quality of life questionnaire (PedsQL, pediatric quality of 
life questionnaire) where their results and conclusion were 
that the SQD between the genders of the case and control 
group and also found no notable differences between the 
severity of acne and psychosocial changes. [26-27].

Figure 1. Patients by gender
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Conclusion

The ordered study of the psychic impact of acne and other 
skin diseases on people who suffer from them is recent and 

Figure 2. Incidence of depression

Figure 3. Quality of life

is carried out through questionnaires that try to measure the 
impact it has on the patient’s quality of life
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Acne is a very frequent disease in our daily practice, where we 
face the cutaneous manifestation, but also with the psychic 
repercussion that it has on each patient and teaches us that 
we must be successful in terms of treatment.
Depression and quality of life in patients with acne are directly 
related to the administration of opportune and effective 
treatment.
Specifi cally, it is concluded that in this patients group with 
infl ammatory acne, depression and quality of life are directly 
affected by the underlying disease, so that with these 

clinical tools primary care doctors can provide patients with 
comprehensive management by promoting healthy practices, 
primary prevention and opportune referral to dermatologists 
in severe cases or poor response to treatment.
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GLIOENDOCRINE SYSTEM: EFFECTS OF 
THYROID HORMONES IN GLIA AND THEIR 
FUNCTIONS IN THE CENTRAL NERVOUS 
SYSTEM
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Abstract
Glial cells play a signifi cant role in the link between the endocrine and nervous systems. Among hormones,  thyroid 
hormones (THs) are critical for the regulation of development and differentiation of neurons and glial cells, and hence 
for development and function of the central nervous system (CNS). THs are transported into the CNS, metabolized in 
astrocytes and affect various cell types in the CNS including astrocyte itself. Since 3,3’,5-triiodo-L-thyronine (T3) is 
apparently released from astrocytes in the CNS, it is a typical example of glia-endocrine system.
The prevalence of thyroid disorders increases with age. Both hypothyroidism and hyperthyroidism  are reported to 
increase the risk of cognitive impairment or Alzheimer’s disease (AD). Therefore, understanding the neuroglial effects 
of THs may help to solve the problem why hypothyroidism or hyperthyroidism may cause mental disorders or become 
a risk factor for cognitive impairment. In this review, THs are focused among wide variety of hormones related to brain 
function, and recent advancement in glioendocrine system is described.
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thyroid hormone • aging • microglia • astrocytes • oligodendrocyte

Medical University

1

Abbreviations

AD.........................  Alzheimer’s disease 
AHDS....................  Allan-Herndon-Dudley syndrome 
Akt ........................  Serine/threonine kinase 
albumin D-box ......  D site of albumin promoter 
BBB ......................  Blood brain barrier 
BHLHe22 ................ Basic helix-loop-helix family member e22 
CSF ......................  Cerebrospinal fl uid 
CKI .......................  Cycline-dependent kinase inhibitor
cGMP ....................  Cyclic guanosine phosphate 
D2 .........................  Type 2-deiodinase 
D3 .........................  Type 3-deiodinase 
DBP  .....................  Albumin D box-binding protein 
FAO ......................  Fatty acid oxidation
GS  .......................  Glutamine synthetase 
NA  ........................  Noradrenaline 
CNS  .....................  Central nervous system 
GFAP  ...................  Glial-fi brillary acidic protein 
HADHA  ................  Hydroxyacyl-CoA dehydrogenase/
  3-ketoacyl-CoA thiolase/enoyl-CoA 
  hydratase alpha

Hr  .........................  Hairless 
IFN-γ .....................  interferon-gamma 
iNOS .....................  Inducible NO synthese 
KLF9 .....................  Kruppel-like factor 9  
LAT  ......................  L-type amino acid transporters  
MAPK/ERK ...........  Mitogen-activated protein kinase/
  extracellular signal-regulated kinase
MBP ......................  Myelin basic protein 
MCT8 ....................  Monocarboxylate transporters 8 
MOG  ....................  Myelin/oligodendrocyte glycoprotein 
Ncoa1 ...................  Nuclear coactivator 1
Ncor1 ....................  Nuclear corepressor 1
NO  .......................  Nitric oxide
OATPs ..................... Organic anion-transporting polypeptides 
OPCs ....................  Oligodendrocyte precursor cells 
p27........................  p27/Kip1 
p18........................  p18/INK
PI3K ......................  Phosphoinositide 3-kinase
ROS ......................  Reactive oxygen species 
SLC16A2 ..............  Solute carrier family 16 member 2 
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oligodendrocyte differentiation [14-21] and myelination [22]. 
In addition, THs may control the ratio of oligodendrocytes 
to astrocytes in white matter [23]. TH is also an important 
promoter of microglial growth and morphological differentiation 
[24]. Any impairment of THs supply to the developing CNS 
causes severe and irreversible changes in the architecture 
and function of the brain, leading to various neurological 
dysfunctions as mentioned below. Though the importance 
of THs during developing brain is obvious, there are few 
reports on the role of THs in glial cells in adult brain. In the 
adult brain, THs pathologies, for example hypothyroidism and 
hyperthyroidism, can cause psychiatric abnormalities such 
as schizophrenia, bipolar disorder, anxiety and depression. 
While impact of hypothyroidism and hyperthyroidism on 
synaptic transmission and plasticity is getting obvious, their 
effects on glial cells and related cellular mechanisms remain 
enigmatic. 
THs are transported into the brain, metabolized in astrocytes 
and affect various cell types in the CNS including astrocyte 
itself. THs have to cross multiple membranes in order to reach 
their receptors in the nuclei and mitochondria in addition to the 
ones in the cytoplasm. Especially, THs need to enter the brain 
through the blood brain barrier (BBB). Astrocytes, forming 
partly the BBB, are the main cell population incorporating 
circulating L-thyroxine (T4) through TH transporters. 
Circulating T4 is transported across the BBB via specifi c 
transporters, such as o rganic anion-transporting polypeptides 
(OATPs) containing OATP14/SLCO1C1 (OATP1c1) [25-27] 
and OATP1a2 [28-30], L -type amino acid transporters (LAT1 
and LAT2) [31], and m onocarboxylate transporters 8 (MCT8) 
(SLC16A2) (for both T3 and T4) [32] (for review, see [33]). 
Recently, an important role of radial glia in controlling TH 
delivery and metabolism is also suggested [34].
Transported T4 into astrocytes is de-iodinated by type 
2-deiodinase (D2) to produce T3 [35-37]. Subsequently T3 is 
released via LAT [38, 39], presumably LAT2, and taken up by 
other cells via distinct transporters (paracrine signaling). For 
example, adjacent neurons express MCT8. They also express 
TH receptors and type 3-deiodinase (D3) which inactivates T3. 
Since the neuronal paracrine pathway is regulated by hypoxia, 
ischemia, or infl ammation, it is postulated that deiodinases 
could act as potential control points for the regulation of TH 
signaling in the brain during health and disease [40].
Since T3 is apparently released from astrocytes in the 
CNS, it is a typical example of glioendocrine system, a term 
originally proposed to generally describe interactions between 
endocrine system and glial cells (Figure 1).
The prevalence of thyroid disorders increases with age [41, 
42]. Abnormal levels of THs often causes psychological and 
behavioral abnormality. Hypothyroidism is one of the most 
common causes of cognitive impairment [43-46], and can 
lead to psychiatric symptoms [47]. The complicated problem 

SNPs ....................  Single nucleotide polymorphisms 
T2 .........................  Diiodothyronines
T3 .........................  3,3’,5-triiodo-L-thyronine 
T4 .........................  L-thyroxine 
TBI  .......................  Traumatic brain injury 
THs  ......................  Thyroid hormones
TNFα ....................  Tumor necrosis factor α 
TR .........................  Thyroid hormone receptor

Introduction

More than two decades ago, it was already postulated that 
glial cells may play a signifi cant role in the link between the 
endocrine and nervous systems [1]. In those days, THs, 
glucocorticoids, gonadal steroids, and neurosteroids were 
known to affect myelinization by acting on oligodendroglia, 
modulate astrocyte morphology, differentiation, and gene 
expression, and activate micoglia. Recently, more and more 
information has been supplied on the benefi cial effects 
of hormone on the brain function. Pathologically, reduced 
level of hormones in aged brain or cerebrospinal fl uid are 
reported, for example, noradrenaline (NA) [2], insulin [3, 4], 
THs, growth hormone, estrogen, etc. Among them, insulin, 
NA and THs regulate metabolic plasticity of astrocytes in 
aged brain [5]. Therefore, increasing the hormone is one of 
the ways to improve the aged brain. For example, intranasal 
insulin administration is speculated as a promising treatment 
of AD [6, 7], age-related cognitive defi cits [8], and t raumatic 
brain injury (TBI) [9]. The mechanism may be due to that 
insulin reduces nitric oxide (NO), reactive oxygen species 
(ROS), tumor necrosis factor α (TNFα) production, inducible 
NO synthase (iNOS) expression, while increases phagocytic 
activity in activated microglia [10]. 
Not only metabolism-related hormones, social behavior-
related hormones also target glial cell. For example, oxytocin 
seems to target microglia, in addition to neurons, and reduces 
infl ammation in activated microglia [11], and perinatal brain 
damage [12], or improves neuropsychiatric disorders [13]. 
Among wide variety of hormones related to brain function, 
THs are focused and recent advancement in glial research 
is described.

Thyroid hormones in the CNS

Among hormones, THs are critical for the regulation of 
development and differentiation of neurons and glial cells, and 
hence for development and function of the CNS. In developing 
CNS, T3 exerts numerous effects regulating astrocyte and 
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is that T4 treatment may not always completely restore normal 
functioning in patients with hypothyroidism. 
Ironically and interestingly, decreased thyroid function may 
lead to extended longevity [48, 49]. Most likely metabolic/
molecular targets of thyroid signaling are linking to the 
aging process. Therefore, TH signaling and homeostatic 
maintenance are important in longevity, which are affected 
by the sympathetic nervous system, growth pathways and 
insulin signaling, and synchronization to light-dark cycles 
[50]. Cross talk between TH and longevity is confi rmed in 
experimental data in humans, being modulated by genders. 
However, the infl uence and consequence of those cross 
stalk on brain function remains yet elucidated. To live longer 
demented, or to die younger is the question. The goal 
would be how to manipulate endocrine system and to live 
longer without cognitive impairment. Understanding of the 
problems both in the CNS and periphery will also contribute 
to fi nding“rejuvenating” strategies in humans.
Not only hypothyroidism but also hyperthyroidism potentially 
increase the risk of cognitive impairment or AD [51-53], 
and cause psychiatric symptoms such as depression. Even 
subclinical hyperthyroidism (1-15 %) and hypothyroidism 
(3-16 % in >60 years old) might be a risk factor for the 
development of dementia [54-57]. Considering the importance 
of physiological and/or pathophysiological functions of THs 
in the brain, understanding the neuroglial effects of THs and 
manipulating their level may help to prevent or ameliorate 
cognitive impairment or psychological symptoms in the 
elderly.

Effects of THs on microglia

Microglia express TH transporters such as OATP4a1, LAT2 
and MCT10 [58] and TH receptors such a TRα1 and TRβ1 
in cultured rat microglia [24]. T3 is important for microglial 
development [24], and could directly or indirectly stimulate 
morphological maturation of amoeboid microglial cells and 
limit their degeneration [59]. 
In addition to their genomic effects during development, 
nongenomic signaling of THs through a plasma membrane-
localized receptor has been described [60]. For example, 
in osteoblast cells, TH signaling is induced through plasma 
membrane-bound TH receptors and couples to increases in 
intracellular Ca2+ concentration, NO, and cyclic guanosine 
phosphate (cGMP), leading to activation of various kinases 
such as protein kinase G II, tyrosine kinase Src, extracellular 
signal-related kinase (ERK), and serine/threonine kinase 
Akt [61]. Similarly in primary cultured microglial cells, 
increased migration induced by T3 was observed within 15 
min and seems to be due to distinct intracellular signaling 

pathways [62] (Figure 1). T3 stimulates microglial migration 
and phagocytosis in vitro and in vivo [62, 63] and induces 
their morophological changes in sex- and age-dependent 
manner [64], which are summaried in a review [65]. Microglial 
migration is mediated through T3 uptake by TH transporters 
and binding to the TRs. Then TH signaling in microglia 
involved several signaling pathways including Gi/o-protein, 
phosphoinositide 3-kinase (PI3K), and mitogen-activated 
protein kinase (MAPK)/ERK, as reported in ATP-induced 
microglial migration [66] or bradykinin [67] or galanin [68] 
with slight difference. T3-induced NO signaling [61] is also 
present in microglia [62]. In addition, Na+/K+-ATPase, reverse 
mode of Na+/Ca2+exchanger, activation of Ca2+-dependent K+ 
channel, and GABA receptors likely contribute to T3-induced 
microglial migration [62], although it is only specuated from 
pharmacological analyses and the precise mechanism is 
still unknown. Considering these information, microglial 
dysfunction in hypothyroidism or hyperthyroidism may be 
closely related to psychological or cognitive symptoms in 
elderly patients, which needs be investigated in the future.

Effects of THs on astrocytes

Effects of THs on astrocytes and regulation of gene expression 
by THs in cultured astrocytes have been reviewed [27, 69, 
70]. However, non-genomic effects of THs in astrocytes still 
remain to be investigated.
Since astrocytes metabolize T4 to active form (T3) [71], 
they play a central role in the endocrine control of neural 
environment [27]. Cultured astrocytes express relevant genes 
of T3 receptors, TH receptor α1 (Thrα1) and TH receptor β 
(TRβ), presumably both in the nucleus/mitochondria and in the 
cytoplasm, and nuclear corepressor (Ncor1) and coactivator 
(Ncoa1), in addition to D2 and TH transporter (Mct8/Slc16a2) 
(autocrine signaling) [70]. During CNS development, T3 
exerts various effects in astrocyte differentiation [17, 72], as 
well as neuronal maturation due to astrocytic production of 
extracellular matrix proteins and growth factors [71].
Mitochondrial metabolism in astrocytes plays a significant 
role in neuroprotection. Mitochondrial energy production is 
rapidly increased via a mitochondrial targeted TH receptors 
after treatment with T3 [73]. Therefore, targeting astrocyte 
metabolism to increase brain ATP levels could be an effi cient 
strategy to enhance neuroprotection. Stimulating endogenous 
ATP release from astrocytes has also been reported to induce 
antidepressant-like effects in mouse models of depression 
[74]. 
Although most energy in the CNS is derived from glucose 
catabolism, significant energy can also be derived from fatty 
acid oxidation (FAO) which is stimulated by THs. It has been 
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shown that hydroxyacyl-CoA dehydrogenase/3-ketoacyl-CoA 
thiolase/enoyl-CoA hydratase alpha (HADHA), an essential 
component of the mitochondrial trifunctional protein complex 
in the FAO cycle, is critical for the FAO regulation by T3 [75]. 
Since 95% of HADHA co-localize with glial-fi brillary acidic 
protein (GFAP) in the brain, T3 is considered to upregulate 
HADHA and subsequent neuroprotective mitochondrial 
energy production via FAO in astrocytes.
Expression alterations of genes using hypothyroidism model 
rats show that immature astrocytes immunoreactivity for 
vimentin and GFAP are increased in the corpus callosum 
(Shiraki et al., 2014). Analyses of human brain gene expression 
databases indicate that the chromosome 12p12 locus, 
where many genomic markers are related to dementia risk, 
may regulate particular astrocyte-expressed genes induced 
by T3. Two single nucleotide polymorphisms (SNPs) on 
chromosome 12p12, rs704180 and rs73069071, were found 
as risk alleles for non-Alzheimer’s neurodegeneration [76, 77] 
and hippocampal sclerosis pathology [78]. The rs73069071 
risk genotype is also associated with altered expression of 
a nearby astrocyte-expressed gene, SLCO1C1. SLCO1C1 
protein transports TH into astrocytes from blood. Interestingly, 
total T3 levels in cerebrospinal fl uid (CSF) are elevated in 
hippocampal sclerosis cases but not in Alzheimer’s disease 
cases, relative to controls [78]. This suggests that even 
normal level of T3 in the CSF, astrocyte-TH dysregulation in 
the brain due to genetic modifi cation contributes to dementia 
in the elderly. Energy metabolism in hypothyroid brain leads to 
disruption in astrocyte cytoskeleton as well as glutamatergic 
and cholinergic neurotransmission, Ca2+ equilibrium, redox 
balance, morphological and functional aspects in the cerebral 
cortex even in young rats from maternal hypothyroidism [79].

Effects of THs on oligodendrocytes

TH signaling in oligodendrocytes has been also reviewed 
[80], which suggest both non-genomic and genomic 
pathways. Requirments of THs in growth and development of 
oligodendrocyte both in vitro and in vivo are reported [81-83]. 
THs also regulate oligodendrocyte accumulation in developing 
rat brain white matter tracts [20] as well as neural stem cells 
and oligodendrocyte precursor cells (OPCs) in adult brain 
[84]. A direct effect of T3 on oligodendrocytes is reported as 
a stimulant of sulfolipid synthesis, cholesterogenesis and 
lipogenesis by ologodendrocytes in neurone-free culture 
system [85]. TH receptors and their isoforms are also reported 
in oligodendrocytes [86-89]. THs are required for different 
timing in oligodendrocyte differentiation and devlopment [90, 
91], for example at the terminal differentiation [92, 93] or during 
early stage [94] of OPCs into myelinating oligodendrocytes, 

by regulating the probability of cell-cycle withdrawal [95] 
or depending on the expression of TRα1 [96]. There are 
bimodal effects of TRα1 on cerebellum oligodendrocyte 
differentiation; At the early postnatal stage, it promotes the 
secretion of several neurotrophic factors by acting in Purkinje 
neurons and astrocytes. At later stages, TRα1 acts in a cell-
autonomous manner to ensure the complete arrest of OPC 
proliferation, explaining contradictory observations made 
on various models, T3 signaling for synchronizing postnatal 
neurodevelopment, and restraining OPC proliferation in adult 
brain [97]. TRβ seems to be also important; a β receptor 
selective thyromimetic can enhance oligodendrocyte 
differentiation in vitro and during developmental myelination 
in vivo, suggesting a usefulness as a therapeutic agent for 
demyelinating models [14].
Important components of TH-regulated timer are cycline-
dependent kinase inhibitor (CKI), p27/Kip1 (p27) or p18/
INK (p18) [98]. On the other hand, during TH-induced 
OPC differentiation, both p53 and p73, but not p63, are 
involved [99]. During oligodendrocyte differentiation and 
myelin regeneration, 4 transcription factors are regulated 
specifi cally by T3; They are Kruppel-like factor 9 (KLF9), 
basic helix-loop-helix family member e22 (BHLHe22), 
Hairless (Hr), and Albumin D box-binding protein (DBP) 
[100] which is also known as D site of albumin promoter 
(albumin D-box). Perinatal rodent OPCs cultured with TH 
under hypoxia become quiescent and acquire adult OPCs-
like characteristics, though the mechanism is not clear yet. 
So far, it is known that the CDK inhibitor, p15/INK4b, plays 
crucial roles in the TH-dependent cell cycle deceleration in 
OPCs under hypoxia, while KLF9 is a direct target of TH-
dependent signaling [101].
THs affect Schwann cell and oligodendrocyte gene 
expression [102] and distribution of oligodendrocyte/myelin 
markers during differentiation [103]. Though glutamine 
synthetase (GS) is an marker of astrocytes [104], GS as well 
as myelin/oligodendrocyte glycoprotein (MOG) are involved in 
maturation of oligodendrocytes [105]. While T3 does not affect 
on myelin basic protein (MBP) gene expression, T3 stimulates 
the expression and activity of GS in oligodendrocytes 
after a lag time through a posttranscriptional event [106]. 
Therefore THs independently regulate proliferation of OPCs 
and oligodendrocyte maturation [92, 105]. In addition, it is 
notworthy that responsiveness of OPCs to THs is different in 
different brain area [107]. 
Using human cultured CD34+ stem cells, differentiation of 
stem cells into OPCs is stimulated by THs [108]. However, 
interferon-gamma (IFN-γ) produces a dose-dependent 
apoptotic response in OPCs [109] or abrogates TH-induced 
differentiation of OPCs into oligodendrocytes but not into 
astrocytes. Therefore, as a result, action of IFN-γ gives rise 
to astrocytes [110].
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signaling accelerates the reinnervation of the optic tectum 
following optic nerves crush in adult zebrafi sh [117]. 
Since TH is known as a promoter of differentiation of 
oligodendrocyte, TH is used to validate high-throughput 
drug screening assay to identify compounds that promote 
oligodendrocyte differentiation [118]. 

Conclusion

THs are important factors both functionally and moropho-
logically for glial cells during development and in adultfood. 
Therefore, brain dysfunction due to abnormal level of THs 
could be treated, at least partially, by targeting glial cells.
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Therapeutic importance of THs and glial cells

As mentoned above, THs defi ciency in developing brain 
results in low number of microglial cells [24], and immature 
differentiatin of both astrocytes and oligodendrocytes, causing 
morphological chages in the brain. In hypothyroid model 
animal, anxiety-like behavior is reported in the male mice [111]. 
In this model, the spine density on basal dendrites in the CA1 
of the hippocampus is not changed but T3-treated hypothyroid 
mice show lower spine density. This additional effect may be 
explained by the result of increased microglial phagocytosis 
[62], though the contribution to the therapeutic outcome is not 
known. As for the spine density, decrease in spine density by 
T3 in CA1 region was also reported in adult female rats [112].
Dysfunction of THs impairs myelination. Not onl y during 
development but also in the adult brain. For example, THs 
promote differentiation of oligodendrocyte progenitor cells and 
improve remyelination after injury [113]. 
Human mutations of the gene, solute carrier family 16 member 
2 (SLC16A2), encoding MCT8, result in the X-linked-inherited 
psychomotor retardation and hypomyelination disorder, 
Allan-Herndon-Dudley syndrome (AHDS). It is also reported 
that mutation of neuronal MCT8 and disrupted T3 uptake by 
neurons are responsible [114]. Likewise, pharmacological and 
genetic blockade of MCT8 induces signifi cant oligodendrocyte 
apoptosis, impairing myelination as a result. Treatment with 
an MCT8-independent TH analog limits oligodendrocyte 
apoptosis mediated by SLC16A2 down-regulation, driving 
myelination. Therefore, MCT8-independent TH analog is 
implicated as a promising treatment for developmentally-
regulated myelination in AHDS [115]. It was also reported that 
THs alleviates demyelination induced by cuprizone through 
its role in remyelination [116]. On the contrary, lowering T3 
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Figures

Figure 1. Glioendocrine system and functions of THs in the CNS. Circulating T4 is transported across the blood-brain barrier via specifi c 
transporters and enters into astrocytes, where it is type 2-deiodinase (D2) to produce T3. Subsequently T3 is released by transporters, and 
taken by other cells such as micrglia, oligodendrocytes, and neurons via distinct transporters. T3 also affects astrocytes as autocrine signal.
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Introduction 

In the past two decades, Ethiopia successfully implemented 
Health Sector Development Programs (HSDP I to IV) and 
invested heavily its resources in health systems strengthening 
interventions [1]. As a result, Ethiopia has done remarkably 
well in meeting most of the Millennium Development Goal 
(MDG) targets. Among the notable achievements of MDG-
4 with a 67 percent drop in under-fi ve mortality from the 
1990 estimate that contributed to an increase in average 
life expectancy at birth from 45 in 1990 to 64 in 2014. And a 
69 percent decrease in maternal mortality ratio from a high 
estimated base of 1400 per 100,000 live births. In addition, 
an improvement in contraceptive prevalence rate from 3% to 
42% has led to a drop in the total fertility rate from 7.7 in the 
1990s to 4.1 in 2014 [1].
However, the Ethiopian Federal Ministry of Health (EFMOH) 
in its Health Sector Transformation Plan (HSTP: 2015-
2020) envisions to further reduce maternal, neonatal, and 
infant mortality by more than half [2]. More specifi cally, The 
Government of Ethiopia (GOE) committed to achieving 
another success through Ending Preventable Child and 
Maternal Death (EPCMD). To achieve this ambitious plan, 

need substantial investments and innovative approaches to 
strengthen the health system to overcome key gaps [2].
USAID Transform: Primary Health Care Activity starts its 
technical, fi nancial and other resource support for over 300 
woredas with three different categories [3]. The categorization 
was made based on selected maternal and child health 
indicators which include: 40 (13.0%) woredas were high 
performers, 95 (32.0%) woredas were medium performers 
and the rest 165 (55.0%) woredas were low performers [3]. 
To narrow these performance differences the project adopted 
an innovative way to strengthen the capacities and skills of 
the primary healthcare workforce through establishing a 
twinning partnership [3, 4].
This article presents the results of the twinning partnership 
strategy implemented for performance improvement 
between Machakel and Bibugn districts  of Amhara region,  
Dabmoya and Hadero-Tunto districts of Southern, Nations, 
Nationalities and Peoples (SNNP) region. In addition, the 
article argues that a twinning partnership can help the health 
systems to increase the number of learning organizations in 
the era of woreda transformation.
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presented in fi gure. Permission to conduct the study was 
sought from selected primary health care entities and 
informed written consent was taken from all study participants. 
The researchers maintain ethical principles which include 
anonymity, privacy, and confi dentiality of the participants.

Results

The twinning partnership strategy was implemented for over 
18 months. Table 1 below depicted the six steps followed in 
the implementation of the twinning partnership and current 
status. The fi rst step implemented after facilitating preliminary 
discussions with Zone Health Department, and district health 
offi ces. This critical step [11] helps the project to get the buy-
in from the implementing partners and coordinating body. 
The second step, needs assessment, was conducted by all 
four partner district health offi ces. Baseline data, strength, 
and gaps of each primary health entities were made. The 
third step, with the help of USAID Transform: Primary 
Health Care project, 59 (14 females) health workers were 
trained on strategic problem-solving tools and analyzed the 
identifi ed gaps. The fourth step was, action plan development, 
completed with identifying team vision, desired measurable 
results, obstacles, and prioritized solutions. In addition, 
detail of fi shbone analysis, prioritizing proposed solutions, 
stakeholder analysis, resource mobilization, monitoring, and 
evaluation plans help the twins to actively engage the next 
step. The fi fth step was implementing the action plan stated 
in step four. Some of the major activities implemented by 
twins include preparing reciprocal experience sharing event, 
organize onsite and off-site technical pieces of training, 
facilitating coaching and learning collaboration or knowledge 
sharing workshop [6, 8]. In the sixth step, the project, and 
twins conducted a midterm evaluation and facilitated a 
number of performance review meetings.

Performance improvement 

Based on the health sector reform criteria, the baseline 
data revealed that Bibugn and Hadero-Tunto districts were 
classifi ed and low performing district. While Machakel and 
Damboya districts were classifi ed as medium performing 
district. During the midline and end-line assessment, all 
four districts were narrowed their performance gaps and 
achieved high medium and high performing status. Figure 1 
below clearly depicts that Woreda Management Standards 
(WMS) scores [2] improved from 40.0% to 70.0%; Ethiopian 
Health Centers Reform Implementation Guidelines 

Operational Defi nition

A twinning partnership is defi ned by Cadee et al (2018) as a 
“cross-cultural reciprocal process where two groups of people 
work together to achieve joint goals” [5]. Similarly, the World 
Health Organization (WHO) defi ned twinning as a formal and 
substantive collaboration between two organizations [4, 6-8]. 
Formal means that there is a verbal or written agreement 
between the two organizations. Substantive means that the 
interaction is signifi cant, and it lasts for a specifi c period i.e. it 
is not a one-time interaction. Collaboration means that the two 
organizations work together on a specifi c cycling project or 
to exchange information or skills. Ideally, twinning should be 
a two-way process whereby each organization benefi ts from 
the collaboration [4, 6, 7]. 

Materials and Methods 

A case study design was employed for this study. This study 
was conducted in Amhara and SNNP Regions. The study 
conducted in four districts, namely; Machakel, Bibugn, 
Damboya and Hadero-Tunto, where the twinning partnership 
strategy implemented for more than one year. This study 
was conducted from April to May 2019.  Data collection 
guides were developed based on research objectives and 
questions. In addition, data abstraction forms were developed 
based on the principles of the twinning partnership strategy 
implementation guidelines and measurement variables 
identifi ed for health sector reforms (additional fi les 1, 2, 3 & 4). 
The data were collected using the following methods: in-depth 
interviews with healthcare professionals of primary health care 
entities and reviewing records/documents.  The qualitative 
data were transcribed verbatim and translated into English, 
then manually thematically analyzed. The quantitative data 
were four district (woreda) management Standards where 26 
standards and 81 validation criteria assessed and rated out 
of hundred; seventeen health centers were assessed using 
Ethiopian Health Center Reform Guidelines with ten chapters, 
81 standards with 209 validation criteria [9] and rated out of 
hundred. Eighteen key performance indicators were collected 
from all 17 health centers where 453307 inhabitants live and 
rated out of hundred. Community based Health Insurance 
new membership and renewals was targeted 103024 
households. Proportion of active membership was collected 
from all seventeen health centers and rated out of hundred. 
The data were checked for completeness and consistency 
and thereafter entered into the computer program Microsoft 
Excel 2010 [10]. Descriptive statistics was used to calculate 
averages, frequencies and percentage where result was 
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(EHCRIGs) scores [12] improved from 58.0% to 78.0%; 
Key Performance Indicators (KPIs) score [2] improved from 
zero percent to 84.0%, and active Community-Based Health 
Insurance (CBHI) membership score [2] improved from 
56.0% to 62.0%.
The result of the qualitative data showed that both low 
and medium performer districts were benefi ted from the 
partnership. The twinning partnership strategy helped districts 
with a difference in performance status to work together and 
improved their categories. The following verbatim clearly 
refl ects the win-win relationship, level of collaboration and 
institutionalization of learning organizations.

“…with the twinning partnership, our organization 
benefi ted through the exchange of experts, sharing of 
standard operating procedures and other resources… 
we improved our performances in a short period of time…”
 … we arranged reciprocal experience sharing event, 
our district council members were inspired by what 
they saw at our lead facility in twinning partnership. 
After the fi eld lesson, the district council allocates over 
20,000.00 (twenty thousand USD) to replicate the 
observed best practice in lead district, which was a clean 
and safe health facility in our district interventions…”
 …. Though our woreda seam in higher performance 
category at the starting point of the twinning 
“partnership, we learned a lot from our partner for 
specifi cally, we get to know in detail how they facilitate 
the external auditing of health center, then we also 
follow similar steps and achieved our gaps…”

Conclusion and Recommendations 

Based on the result of this study the implemented twinning 
partnership strategies, helps partner districts to work together 
and achieved a higher performance category within 18 months. 
In addition, the partnership helps twins to institutionalize 
learning organization and culture of performance improvement 
at primary health care entities.  
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Tables

Table 1. Twinning partnership implementation steps and status, 2018/2019
The table clearly presents the six twinning partnership implementation steps and its status during the data collection time. The fi rst step was 
partnership development: is the fi rst step of twinning partnership strategy implementation and is a critical step for the success and sustain-
ability of the program [11]. USAID Transform: Primary Health Care Project facilitated a brief preliminary discussion with the zone health 
department. The assigned twinning partnership focal person facilitated the relationship building between the medium (Machakel) and low 
(Bibugn) performing districts in East Gojjam Zone of Amahra Region. Similarly,  the event was facilitated between Medium (Damboya) and 
low (Hadero Tunto) performing districts of Kembata Tembaro Zone of SNNP region. The second step was needs assessment: both districts 
collected baseline data and the information captured was used to prioritize the intervention areas as well as to monitor and evaluate the 
twinning partnership strategy. The third step was gap analysis: the project facilitated a three-day training on strategic problem-solving, per-
formance management and mentoring & communication tools. Participants recruited from partner districts attended the training. The Fourth 
step was action planning: through the training process, participants were engaged in scanning organization mission, identifying a team 
vision, major obstacles, priority activities, and developed detailed action plan. The desired measurable results for partners districts were to 
achieve a high-performance status. The fi fth step was implementing the action plan: partner districts prepared a reciprocal experience shar-
ing, onsite- and off-site training and implemented all agreed activities. The sixth step was review and evaluation: on site-support supervision 
and mutual performance review meetings were organized. Mid-year review meeting and annual evaluation are planned.  

Steps Activities Status 

Step 1 Partnership Development 

Commitment and willingness; MOU signed; Focal Person assigned; budget allocated Completed 

Step 2 Need Assessment 

Baseline; Strength and Gap identifi cation Completed 

Step 3 Gap Analysis 

Strategic Problem-Solving and Gap Analyzed Completed 

Step 4 Acton Planning 

Developed shared vision; desired measurable results (goal), obstacles, prioritized solution, stakeholder 
analysis, resource mobilization develop twinning projects

Completed

Step 5 Action/implementation 

All four districts prepared a reciprocal experience sharing event; organize onsite and off- site training; coaching 
and mentoring; 

Completed 

Step 6 Review and Evaluation 

Organize knowledge sharing events; midterm and end term review Partially completed
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Figures

Figure 1. Baseline, Midterm and End-line scores of twinned districts May 2019
Each bin represents the average score by district against District (Woreda) Management Standards, Ethiopian Health Center Reform 
Implementation Guidelines, key Performance Indicators  and Community-Based Health Insurance at three point in time measurements. 
The chart clearly shows the signifi cant positive improvements on district management standards; Key Performance Indicators and Ethiopian 
Health Center Reform Guidelines.
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Supplemental Data

District (Woreda) Management Standards

Governance and Organizational Capacity  

WM1 The organizational structure of the Woreda Health Offi ce refl ects its core 
functions. The organizational structure of the woreda health offi ce has 
core processes and case teams responsible to execute the following 
core functions.  

Data Source Indicate             Met, Unmet

a. Planning, monitoring and evaluation of health promotion, disease 
prevention and curative health care activities in the woreda.

Indicated in the Woreda 
health offi ce organogram, 
adequate staff working in 
these function are available. 
Reports indicating these 
functions in past quarter are 
available at woreda health 
offi ce.

b. Coordinating mentoring and technical support among Primary Health 
Care Facilities, (Primary Hospital, Health Centers and Health Posts)

c. Planning and coordinating supportive supervision of Primary Health Care 
Facilities, and monitor quality of service.

d. Coordinate  resource mobilization for primary health care.

e. Ensuring community engagement and ownership

f. Disease surveillance and coordinating and planning. emergency 
response for public health emergencies.

g. Conducting regulatory functions.

h. Coordination with other sectors at the woreda level.

i. Provision of oversight on fi nance, human resources infrastructure and 
supplies to Primary Health Care Facilities.

WM 2 Woreda Health Offi ce ensures governing boards of Primary Health Care 
Facilities (HCs, PHs) are functional.

Data Source Indicate            Met, Unmet

a. All governing boards meet monthly. Woreda health offi ce, presenting the 
case to the woreda administration, ensures that corrective action is taken 
on governing boards that do not meet monthly.

Governing board meetings 
reports and minutes for 
meeting conducted in past 
quarter indicate these 
activities and the reports are 
available at woreda health 
offi ce

b. Minutes of governing board meetings include; review of action points 
from previous meeting, performance review using KPIs and way forward 
action points

c. Financial and programmatic performance targets are reviewed using 
facility-level Key Performance Indicators (KPIs), quarterly. 

WM 3 Coordination and communication among governing boards of Primary 
Health Care Facilities. 

Data Source Indicate            Met, Unmet

a. Woreda Administrator organizes quarterly joint meeting of all governing 
board representatives from Primary Hospitals (PHs) and Health Centers 
(HCs).

Joint governing board 
meetings minutes conducted 
in past quarter indicates this 
activity took place and report 
available at woreda health 
offi ce

b. Minutes of governing board joint meetings include; review of action 
points from previous meeting, performance review using KPIs and way 
forward action points.

c. Priorities of governing boards are defi ned, fi nancial and programmatic 
performance targets are reviewed, using KPIs combined from Primary 
Health Care Facilities. 
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WM 4 Woreda health offi ce and Primary Health Care Facilities is led by qualifi ed 
personnel

Data Source Indicate            Met, Unmet

a.  Woreda health offi ce head has educational qualifi cation and experience 
based on requirements of Ethiopian civil service guidelines.

HR personal profi le of staff 
indicates the requirement

b. PHCU Directors have educational qualifi cation and experience based on 
requirements of Ethiopian civil service guidelines.

c. CEOs of primary hospitals have educational qualifi cation and experience 
based on requirements of Ethiopian civil service guidelines.

d. All primary health care facility and woreda managers have certifi cate-
based, on-the-job management, leadership, problem solving training. 

WM 5 Woreda health offi ce ensures Primary Health Care Facilities are staffed. Data Source Indicate            Met, Unmet

a. Woreda health offi ce keeps updated record of staffi ng of; woreda health 
offi ce and Primary Health Care Facilities (fi lled positions and vacancies)

HR records and reports of the 
woreda and primary health 
care facilities in last quarter 
indicated the stated activitiesb. Woreda health offi ce ensures that woreda health offi ce and Primary 

Health Care Facilities are staffed with the required number and 
qualifi cation of staff.

c. Woreda health offi ce ensures equitable allocation (professional mix 
and number) of health professionals among the Primary Health Care 
Facilities in the woreda based on patient volume.

d. woreda health offi ce recognizes and motivates high performing woreda 
health offi ce and primary health care facility staff.

WM 6 Woreda health offi ce ensure adequate fi nance allocation and provides 
fi nancial oversight to Primary Health Care Facilities(Budget vs actual 
reports compiled by the woreda health offi ce)  

Data Source Indicate            Met, Unmet

a. Woreda health offi ce secures a minimum of 15% budget allocation to 
health from the total woreda level government expenditure. 

Woreda health offi ce annual, 
biannual and quarter fi nancial 
reports indicated the activities 
enlistedb.  Woreda health offi ce reviews income statements and balance sheets, 

and provides feedback to all Primary Health Care Facilities quarterly.

c. Woreda health offi ce monitors execution of internal fi nancial audits of 
Primary Health Care Facilities every six months. 

d. Woreda health offi ce in coordination with woreda fi nance plans and 
executes external fi nancial audits for all Primary Health Care Facilities 
annually.  

WM 7 Woreda health offi ce provides oversight and facilitates procurement of 
goods and services by Primary Health Care Facilities.  

Data Source Indicate            Met, Unmet

a.  Woreda health offi ce compiles procurement needs (goods and services) 
including essential drugs by each primary hospital and health centers.

Woreda health offi ce 
procurement plan, activities 
and supervisions  report 
indicated the activities are 
conducted in past quarter

b. Woreda health offi ce monitors that procurement are executed timely by 
primary hospital and health center and maintains checklist showing list of 
items requested vs procured. 

c. Woreda health offi ce has ensured implementation of LMIS (Logistics 
Management Information System) in Primary Health Care Facilities.   

d. The Woreda health offi ce oversees zero stock out rates across all 
essential drugs Primary Health Care Facilities.  
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WM 8 Woreda health offi ce ensures that Primary Health Care Facilities have 
basic infrastructure requirements: buildings, communications, electricity 
and water. 

Data Source Indicate            Met, Unmet

a. Woreda health offi ce keeps a record of status of buildings, 
communications, electricity, and water availability for each primary health 
care facility. 

Woreda health report and 
plan of action indicates the 
activities are conducted in the 
last 6 months

b. Woreda health offi ce develops a plan of action in consultation 
with facility governing boards, Woreda Administration and other 
relevant stakeholders to fi ll identifi ed infrastructure gaps in building, 
communications, electricity, and water.

Service Delivery 

WM 9 Woreda health offi ce ensures availability of essential package of basic 
health care services at Primary Health Care Facilities (Review of essential 
package of services, site visits of facilities). 

Data Source Indicate            Met, Unmet

a. Woreda health offi ce maintains an updated record of essential package 
of basic health care services available in each Primary Health Care 
Facilities. 

Woreda health offi ce service 
directory profi le updated 
every quarter on basic health 
care services provision at 
health facilitiesb. Woreda health offi ce ensures essential package of basic health care 

services are available in each Primary Health Care Facilities. 

WM 10 There is a referral and linkage system between Primary Health Care 
Facilities in the woreda. 

Data Source Indicate            Met, Unmet

a. All Primary Health Care Facilities use standard referral protocol including 
standard referral forms and registers.

Referral feedback  meetings 
conducted last quarter and 
minutes showed all facilities 
uses standard referral 
protocol and ambulance 
policy utilization is functional.

b. Woreda health offi ce organizes referral feedback meeting quarterly 
between Primary Health Care Facilities where data on referral, feedback, 
and unnecessary referrals are reviewed. 

c. Ambulance administration policy is in place and operational. 

WM 11 Woreda health offi ce coordinates quarterly clinical audits in all Primary 
Health Care Facilities to ascertain adherence to clinical guidelines, SOPs.

Data Source Indicate            Met, Unmet

a. Woreda health offi ce identifi es clinical audit areas for each primary health 
care facility in collaboration with Primary Health Care Facilities.

Clinical audit report 
conducted in the last 
quarter and prepared quality 
improvement plan based on 
clinical audit

b. Woreda health offi ce monitors Primary Health Care Facilities conduct 
clinical audits on the areas identifi ed quarterly.

c. Woreda health offi ce ensures implementation of quality improvement 
activities in all Primary Health Care facilities based on clinical audit 
fi ndings.  

WM 12 Woreda health offi ce coordinates clinical mentoring between primary 
hospital and health centers. 

Data Source Indicate            Met, Unmet

a. Woreda health offi ce working with the CEO of Primary Hospital organizes 
clinical mentoring sessions between primary hospital and all health 
centers monthly. (Clinical mentoring may include one-on-one case 
management and observation, chart reviews, attachments, and didactic 
sessions). 

Woreda health offi ce and 
hospital CEO developed  
quarterly clinical mentoring 
schedule and document  the 
activity report 

b. Woreda health offi ce organizes knowledge and skills assessments of 
mentees semi-annually in collaboration with primary hospital to monitor 
the outcome of mentoring. 

c. Woreda health offi ce organizes trainings or mentoring sessions in 
collaboration with the primary hospital based on knowledge and skills 
gap identifi ed. 



21

Medical University

WM 13 Monitor outbreak and public health emergencies
(Surveillance report and Emergency response plan) 

Data Source Indicate            Met, Unmet

a. Case surveillance for reportable diseases is in place. Case surveillance and 
reportable disease report 
made monthly in the last 
quarter and Public health 
emergency plan prepared

b. Resources and systems to respond to public health emergencies are in 
place. 

Community engagement 

WM 14 Community are organized in 1-5 networks and developments teams
(Health Development group command post reports).

Data Source Indicate            Met, Unmet

a. All health development teams and 1-5 network leaders have undergone 
training and started implementation of activities.

Health development team and 
1-5 network quarter activity 
report review

b. All health development teams are functional (meet regularly and 
document minutes of meetings).

c. All health development team leaders are accredited to level 1 qualifi cation.   

WM 15 All kebeles in the woreda are verifi ed as model in health service delivery. Data Source Indicate            Met, Unmet

a. Woreda health offi ce compiled and analyses health extension package 
performance of all kebeles and categorizes them into; high, middle and 
low performers. 

Health development team and 
1-5 network quarter activity 
report review

b. Woreda organizes annual mobilization (ignition) meeting with the 
community focusing on creation of model kebeles. 

c. Woreda health offi ce monitors model kebele initiative  performance 
quarterly.  

WM 16 Establish and maintain community feedback mechanisms 
(Town hall meeting minutes and Community score card report). 

Data Source Indicate            Met, Unmet

a. Woreda health offi ce working closely with the woreda administration, 
Health Centers and Primary Hospitals organizes quarterly community 
town hall meetings where community provides feedback on quality and 
access to services.

Woreda health offi ce 
conducted community score 
card and town hall meeting in 
the past quarter

b. A system of community score card is established and maintained at 
Primary Health Care Facilities quarterly.

c. Woreda health offi ce in consultation with Primary Health Care Facilities, 
coordinates the implementation of activities responding to feedback from 
the community quarterly.

WM 17 Woreda starts and maintains Community Based Health Insurance (CBHI) 
scheme. 

Data Source Indicate            Met, Unmet

a. The woreda meets and maintains minimum community enrollment to 
start CBHI.

Woreda met minimum 
community enrollment 
rate and conducted CBHI 
coordination meeting in the 
last quarter

b. Woreda health offi ce in collaboration with woreda administration 
organizes quarterly meetings with CBHI agency, PHC facilities, and 
kebele administration to review progress on CBHI.

WM18 Woreda health offi ce coordinates community contribution and ownership 
on community based public health interventions.

Data Source Indicate            Met, Unmet

a. woreda health offi ce has identifi ed  health projects which can be 
implemented with monitory and in-kind support from the community.

Woreda coorndated and 
reported back to the 
community in monitory and in-
kind community contribution 
for infrastructure projects in 
the last quarter

b. Woreda health offi ce coordinates monetary and in-kind community 
contributions in infrastructure projects such as building health posts, 
HEW residences, community latrines, maternity waiting areas, and other 
projects.

c. Woreda health offi ce oversees and coordinates all monetary and in-
kind contributions of the community and reports back to community on 
achievements.



22

Medical University

Coordination with other key sectors in the Woreda

WM 19 Inter-sectoral coordination mechanisms established. Data Source Indicate            Met, Unmet

a. Woreda health offi ce ensures integration of health sector related 
activities with other sectors' plans such as education, agriculture, 
infrastructure, electricity, water, fi nance, civil service, and others. 

Woreda reported to cabinet 
on intersecoral collaboration 
and presented planned jointly 
activities quarterly. Minutes 
of inter-sectoral steering 
committee meetings.

b. Woreda health offi ce implemented joint planned activities with other 
sectors. 

c. Woreda level inter-sectoral steering committees monitor jointly planned 
activities and makes decisions to address potential bottlenecks quarterly. 

WM 20 Coordinate and align activities of development partners, and civil society 
organizations.

Data Source Indicate            Met, Unmet

a. Woreda health offi ce maintains updated mapping of development 
partners, and civil society organizations working in the health sector. 

Updated partner map 
available and quarterly 
partners joint planning and 
review meetings madeb. Woreda health offi ce works with the woreda administration to organize  

joint planning and review meetings with development partners, and civil 
society organizations working in the health sector quarterly.

WM 21 Private health facilities work in alignment with priorities of the woreda 
and operate within the national regulatory framework.

Data Source Indicate            Met, Unmet

a. Woreda health offi ce has included all private facilities related with the 
health sector in the woreda such as; private health facilities, food and 
drink provides, schools, industrial sites, etc. in its regulatory plan. 

HMIS report from private 
sectors collected in all  
months of last quarter, bi-
annual consultative meeting 
with private health facilities 
workers conducted, FMHACA 
based inspection conducted 
in the last quarter

b. Woreda health offi ce organizes periodic inspections in private facilities 
based on FMHACA regulatory standards and set up a system for 
follow-up.

c. Woreda health offi ce organizes joint consultations with private facilities 
semi-annually.

Performance Management

WM 22 Woreda health offi ce develops woreda based plan and targets. Data Source Indicate            Met, Unmet

a. Woreda health offi ce develops 5-year strategic plan for health. Five year strategic plan and 
woreda based plan developed 
and reviewed in the past 
quarter

b. Woreda health offi ce develops woreda based annual plan and targets 
aligned with strategic plan and allocates targets to Primary Health Care 
Facilities. 

c. Woreda health offi ce organizes quarterly review meetings with the 
participation of Primary Health Care Facilities and stakeholders to review 
implementation of activities and provide feedback. 

WM 23 System for performance review established and operational in Primary 
Health Care Facilities.

Data Source Indicate            Met, Unmet

a. Woreda health offi ce and all Primary Health Care Facilities staff conduct 
monthly performance reviews based in balanced score card and semi-
annually 360 performance evaluations.  

360 performance review 
report. PHC facilities peer 
performance review and 
result oriented performance 
review reviewed by woreda 
health offi ce and used 
for human resource and 
management decision

b. Woreda health offi ce monitors implementation of result oriented 
performance review in Primary Health Care Facilities semi-annually and 
ensure performance review results are used for human resource and 
management decisions. 
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WM 24 Performance of Primary Health Care Facilities is monitored using 
evidence from; KPIs, EHRIG, EHCRIG. 

Data Source Indicate            Met, Unmet

a. Woreda health offi ce and primary health facility managers and boards  
use KPIs to monitor performance and take corrective action on a monthly 
basis.  

PHC facilities uses KPI,HMIS, 
EHRIG and EHCRIG in the 
last quarter and HMIS LQAS 
conducted at least once 

b. Woreda health offi ce makes quarterly EHRIG, EHCRIG assessments of 
PH and HCs.

c. Woreda health offi ce monitors HMIS data including; timeless, quality, and 
completeness of data in each of the Primary Health Care Facilities and 
provide feedback on a quarterly basis (LQAS).

WM 25 Woreda health offi ce compiles and disseminates national and regional 
policies, guidelines and manuals used as references for performance 
management. 

Data Source Indicate            Met, Unmet

a. Woreda health offi ce compiles and disseminate national and regional 
policies, guidelines, and manuals to all Primary Health Care Facilities. 

Woreda health offi ce made 
last quarter check on 
availability of national and 
regional guidelines, policies 
and manuals  at PHC facilitiesb. Woreda health offi ce monitors availability of a list of policies, guidelines 

and manuals at Primary Health Care Facilities quarterly. 

Monitoring and supervision by woreda  

WM 26 Supportive supervisions to Primary Health Care Facilities (Supportive 
supervision report)

Data Source Indicate            Met, Unmet
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Chapter 1: Health Center Leadership, Management & Governance 

Checklist: chapter I. 

Ser. 
No

Description of the standard Verifi cation Criteria Yes 
No  х

met =1
not met =0

Remark /
comment 

1 The Health Center Governing 
Board has been Established.  

Board members assigned with letter. 

Gender balance maintained in board members. 

Governing board established in accordance with a legislation with 
minutes.

Governing Board developed its Term of References (TOR) and approved 
by all members 

Governing board has annual plan. 

2 The Health Centre has a 
functional Governing Board (GB) 
meets regularly to oversee the 
overall operations and service 
delivery of the health Centre.  

Minutes available.

check availability of all agendas.

All board members attended the meetings regularly. 

Governing board members offi cially invited by health center head.

Agenda shared two days earlier than the meetings

3 The Health Center Governing 
Board approved strategic 
and annual plans, monitor 
achievements against goals on 
quarterly bases. 

Minutes of approval for strategic and annual plans.  

Proceeding of review meetings on performance reports.

Feedback given.

4 Health Center Director has been 
appointed by the mayor or head 
of woreda council; health Centre 
management team represents 
various departments.  

Testimony of offi cial assignment of health Centre director.

List of health Centre management team members.

Minutes of health Centre management team/committee.

Management committee had Term of Reference (TOR) and held regular 
meetings as per the bylaw. 

5 The Health Centre Director is 
evaluated against the goal of 
the management committee 
biannually.  

Performance appraisal of health Centre director 

Proceeding / minutes of Performance appraisal assessment of Health 
Centre Director.

6 The Health Centre Director has 
got approval of  management 
committee, GB and before submit 
report to woreda health offi ce. 

Monthly submitted reports to Woreda Health Offi ce.

Proceedings of performance evaluation 

Implementation of plans 

Feedbacks 

7 Exempted services are provided 
and information about the 
services is posted n appropriate 
places in the Health Center and 
there are bilingual fee posters in 
each service area. 

Menu of services with its cost publicly posted using local language 

Additional fi le1: Quasi-experimental assessment tool
Instruction:  
The questionnaire has 4 pages containing 81 questions divided among 10 chapters. First you will fi nd the informed consent. First assess the validation criteria 
and then if all positive (Yes) score 1 (met) for the standard otherwise score zero (not met).



25

Medical University

8 The Health Center signed Memo-
random of understanding on 
credit and waived services with 
stakeholders. 

List of patients benefi ted from waiver services. 

Patients benefi ted from the services

Signed MOU and effected payments. 

9 Health Centre Finance Offi cer 
prepares and sends monthly 
reports to appropriate bodies.

Financial Reports and records 

Minutes

Management Committee feedbacks 

Balance Sheets 

10 The Health Center has a 
procurement plan approved by 
HC Governing Board.

GB approved Procurement Plan 

11 The Health Center has GB 
approved accounting manual. 

Approved accounting procedure and manual. 

12 Every Year External audits are 
conducted by Finance Offi ce; 
reports are reviewed by the SMT. 

Audit report 

Feedbacks given on audit reports

Chapter 2: Health Center and Health Post Linkage 

Checklist: chapter 2 

Ser. 
No

Description of the standard Verifi cation Criteria Yes 
No  х

met =1
not met =0

Remark /
comment 

1 Terms of reference developed 
for Health center and Health 
post linkage and assigned one 
focal person who is responsible 
to follow-up the implementation 
process.  

Health Center Health Post Linkage implementation manuals

Share Action Plan on Linkage

Offi cially assigned focal person 

2 Strengthen the Women 
development army and 1-5 
network at all catchment Kebeles 
and make it fully functional.

Health Center _Kebeles Linkage documents 

Check the competency assessment documents of 1 - 5 network 
members (See Criteria in the guidelines) 

3 Annual plan and budget was 
developed for HC and its 
Catchment HP as PHCU.

Share Annual Plan with Budget 

Proceeding or reports on PHCU plan familiarization workshop 

Minutes

4 The health center was collecting 
weekly plan and report from each 
catchment HP then provided 
feedback to HPs.

Plan - versus achievement reports

 Feedbacks given 

5 The HC staffs were supporting 
the HPs regularly on weekly 
bases using standards checklist. 

Weekly schedules 

Standard Checklists 

Performance Improvement plan developed after TA

6 The HC in the presence of HEWs 
was evaluated its performance on 
months bases and documented 
best practices and scaling it up

Minutes

Documented best practices 
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7 The HC was identifi ed 
bottlenecks in terms of 
awareness, skills of HEWs and 
supplies. Then, the HC was 
provided capacity enhancement 
interventions for HEWs.

Identifi ed awareness, skill and supply gaps 

Feedbacks 

Evidence of Capacity enhancement interventions

8 The HC was providing all 
Essential Drugs and supplies for 
their satellite HPs. Monitor the 
proper utilization of drugs and 
supplies. 

Drugs  and equipment's 

Supplies 

Monitoring system in place

Chapter 3: Patient Flow and Services Organization 

Checklist: chapter 3. 

Ser. 
No

Description of the standard Verifi cation Criteria Yes 
No  х

met =1
not met =0

Remark /
comment 

1.    Health Center service fl ow 
procedural manual was 
developed. Which mainly focus 
on OPD, Emergency and 
Delivery service points and 
decrease patient load in the HC.

Check and observe the following criteria 

Patient fl ow Procedure 

Triage protocol

Patient 24 hours services and discharge protocol

Referral protocol

Referral feedbacks 

As per the standards of FMHACA check availability of drugs and medical 
equipment's in emergency, delivery and units

2.    All Health Center Staffs were 
aware of the patient fl ow 
procedure and protocols and 
properly implemented it.  

Randomly select fi ve health Centre staff and check their knowledge and 
skill with regards to patient fl ow and referral services. 

3.    There is a patient triage services 
with trained personnel, necessary 
materials and equipment's. 

Patients who needs emergency services are identifi ed and got priority 
services. (check with color of cards and services rendered in the 
facilities) 

Check the presence of trained staff in the Triage/ Emergency unit

As per the standards of FMHACA check availability of suffi cient drugs 
and medical equipment's in the emergency units  

4.    There is a written protocol for 
liaison and patient referral 
services (receiving into the health 
Centre and referring outside of 
the health Centre). The staffs are 
trained and properly implemented 
the protocol.

There is presence  liaison

The necessary tools and materials ( phone, registers, referral forms etc. 
) availed. 

There is referral directory

There  is patient appointment logbook at OPD. 

In all OPD rooms, there are functional patient appointment system. 

5.    There is labelled direction with 
pointer displays/ indicates 
services and location in the HC 
compound to help the patients 
ease access to and facilitate free 
movements in patient care. 

There is labeled direction with pointer in the health Centre compound.

Emergency and Delivery Units labels ate bold and visible to 
benefi ciaries. 

There is ambulance parking area 

There is assigned receptionist
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6. The is maternal waiting homes 
with the facilities (toilet, water 
supplies, electricity), supplies and 
equipment's   

Check the availability of the following facilities, supplies and equipment's 
in Material Waiting homes.

Toilets and shower 

Electricity and water supply

Kitchen and  utensils 

Bed, Bed linens, blanket 

Chapter 4: Medical Record Management 

Checklist: chapter 4. 

Ser. 
No

Description of the standard Verifi cation Criteria Yes 
No  х

met =1
not met =0

Remark /
comment 

1.          The Health Center has a single, 
unifi ed registration system 
with Master Patient Index  for 
all patients/clients, including 
out-patients, emergency 
admissions, chronic care  clinics 
and preventive and promotive 
services. Each and every patient 
will have unique Medical Record 
Number. with a single, 

Check the presence of a single unifi ed registration room. 

Check easiness of MPI and search for patient card. 

Check whether every and each patient has unique identifi ers 

2.    The Health Center utilizes a 
paper-based or computer-based 
system to track where the 
medical record is located at all 
times. The health center uses a 
standardized and uniform set of 
forms that comprise a complete 
medical record for the duration of 
a patient’s/client’s care. 

Check the presence system to  locate  patient card.

MPI-Box( in alphabetically order)

Computerized registration 

Tracer card

Shelfs with clear label to store cards in order. 

3.    The Health Center has medical 
records management guidelines 
for proper handling and 
confi dentiality of medical records 

Check Patient medical record management guidelines and its 
confi dentiality in implementation.

Presence of delivery notes.

Focal person assigned to manage medical records inline with forensic 
matter, and  stored in locked cabinets. 

4.    The Health Center has organized 
orientation session, experiences 
sharing events,  and continuous 
capacity enhancement training 
programs for medical records 
personnel so as they can 
effectively and effi ciently execute 
their assignments. 

Training manuals 

All medical record personnel should be trained (Check with attendance 
and other records like schedule etc.) 
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Chapter 5:Pharmacy Services 

Checklist: chapter 5. 

Ser. 
No

Description of the standard Verifi cation Criteria Yes 
No  х

met =1
not met =0

Remark /
comment 

1 The Health Center has a 
functional Drug and Therapeutics 
Committee (DTC) which 
implements various measures 
designed to promote the rational, 
safe and cost-effective use of 
medicines and other supplies.

There is DTC 

The DTC has developed Terms of References (TOR)

Selection of members of DTC is in line with the  guidelines  

The DTC has Annual Plan 

Minutes and reports 

2 The Health Center has a 
separate pharmacy department 
comprising dispensaries and 
medical store directed by a 
registered Pharmacist and 
Pharmacist/Pharmacy technician 
respectively.

Check testimonies of certifi cation licensures ( pharmacist and pharmacy 
technicians)

Letter of assignment 

3 The Health Center has a health 
facility specifi c list of medicines 
classifi ed by VEN that contains 
all Drugs, Medical Supplies, 
consumable-Medical equipment's 
and Reagents. The List shall be 
reviewed and updated annually.

List of drugs and supplies using VEN 

Updated list for the year

4 The Health Center ensures that 
all 3 types of drug transactions 
and patient-medication related 
information are properly 
recorded, documented and 
auditable. А1 + 

Forecast 

Procurement  and Use 

Disposal reports

5 The Health Center has policies 
and procedures for identifying 
and managing drug use 
problems, including: Identifying 
and reporting adverse drug 
reactions, and prescription 
monitoring

Take 10 sample  prescription and check the following points -

Date

MRN

Diagnosis 

Prescribers name, qualifi cation & signature

Dispenser name & signature

Record the information on drug registration form. 

6 The Health Center provides 
access to drug information to both 
health care providers and patients 
in order to optimize drug use.   

Drug information center established 

Check evidences of service rendered on drug information (Leafl ets, 
posters, etc.)

7 The Health Center has policies 
and procedures for identifying and 
managing drug use problems, 
including: Identifying and reporting 
adverse drug reactions, and 
prescription monitoring.

Policy and steps available 

Reported Side effects and other health problems with feedback
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8 The Health Center has a supply 
and inventory management 
system for drugs, medical 
supplies and consumable 
equipment's approved by the 
DTC that describes methods 
of drug selection, prioritization, 
quantifi cation, procurement, 
storage, distribution and use 
which is in line with national 
guidance.

Drug and supplies recording system / manuals 

Bin card

Stock card

9 The Health Center conducts 
a physical inventory of all 
pharmaceuticals in the store 
and each dispensing unit at a 
minimum once a year. 

Check annual inventory report 

10 The Health Center ensures 
proper and safe disposal of 
pharmaceutical wastes and 
expired drugs in line with national 
guidance.

Drugs and supplies disposal manual 

Check list of drugs and supplies disposed as per the guidelines 

11 The health Centre's pharmacy 
team assists and monitors 
pharmaceutical management 
activities at the health posts.

Supervision and monitoring plan & report 

Feedback 

12 All Units of the pharmacy service 
have adequate personnel, 
equipment, premises and 
facilities required to store drugs, 
medical supplies and equipment's 
and carry out dispensing, and 
counselling services  

As per FMHACA standards ensure availability of HR, Supplies and 
infrastructures. 

13 The Health Centre conducts 
audits of all drugs, medical 
supplies and consumable 
equipment in the store and 
in each dispensing unit at a 
minimum bi annually by internal 
auditor and once a year by 
external auditor

Audit Report 

Chapter 6: Laboratory Services Management

Checklist: chapter 6. 

Ser. 
No

Description of the standard Verifi cation Criteria Yes 
No  х

met =1
not met =0

Remark /
comment 

1 Current list of laboratory tests 
provided by the facility with the 
price of each test is accessible to 
all clinical staff and patients. 

List of laboratory services with cost posted 

The service or test and estimated time  posted to benefi ciaries.

2 The laboratory management 
strive to meet the needs and 
requirements of customers  on 
informing the test reports.

Laboratory professional assigned to counsel patients on lab test results 

3 The health Centre laboratory 
have adequate number of staff, 
necessary space, and materials 
for work.  

As per the EFMHACA standards the necessary work space is available .

Number of staff

Laboratory supplies.



30

Medical University

4 The laboratory have standard 
and system for resource 
management that prevent over or 
under stock.  

Stock management system in place

Check the bin card, and  stock card for completeness and  updates. 

5 The laboratory has standard 
operating procedures (SOPs) 
and follows it properly. Ex sample 
collection, transport, storing and 
disposal  SOPs.

Check the presence of the following SOPs

a. Sample collection 

b. Steps and procedures of laboratory services 

c. Algorithm 

d. Safety procedure and medical waste disposal system 

e. Laboratory equipment maintenance and follow up checklist 

f. Quality Assurance Scheme with clear steps 

g. Laboratory record system established 

h. Sample Collection , acceptance transport, storing and disposal SOPs 
available. 

6 The SOPs in place ensure the 
safety and protection of patients 
and health care providers  in the 
Health Centre during sample 
collection, rejection, transport, 
storing and disposal. The 
laboratory work environment is 
organized and clean at all times. 

Safe and clean work environment 

The sample collection, handling and transportation  activities are safe for 
patients and health workers. 

7 The laboratory have a health and 
safety manual with procedures 
that include different types of 
actions. This includes chemical 
exposure and fi re accident 
prevention. 

There is safety manual 

There is fi re extinguisher or sand to fi ght 

Safety training staff 

8 There is an established policy 
for data safety, confi dentiality, 
protection period disposal and 
information management. 

Check presence of data management manual. 

9 The laboratory have and 
implements a quality assurance  
policy that covers all aspects of 
laboratory functions. 

Continuous IQA and EQA participation 

Chapter 7: Safe Health Facility 

Checklist: chapter 7. 

Ser. 
No

Description of the standard Verifi cation Criteria Yes 
No  х

met =1
not met =0

Remark /
comment 

1.      Health Center Management 
shall supports efforts in infection 
prevention; technical capacity, 
fi nancial and human resources 
required for clean and safe health 
facility key activities.

Allocated budget for Infection prevention

There is assigned focal person 

2.      A designated committee and 
individual(s) are in place to 
effectively coordinate the 
implementation and monitoring of 
infection prevention activities. 

Established Committee with approved TOR 

Action plan of IP committee - approved with minutes 
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3.      The health center prepares, 
implements, and monitors a 
comprehensive operational plan 
that addresses activities and 
guidance on Infection prevention 
and patient safety practices.  

Proper guidance on implementation of infection prevention and ensure 
availability of essential supplies and equipment's. 

4.      The health center should support 
the implementation of safe and 
clean health facility standards 
under its satellite to the health 
extension program (HEP)  and 
health extension workers. 

Evidence of technical support to Health Extension Workers to implement 
Clean and Safe health facility initiatives; feedback given during 
implementation.

5.      The health center ensures 
that equipment, supplies and 
facilities/infrastructure necessary 
for effective implementation of 
infection prevention standards 

The following equipment's, tools and supplies should be available.

adequate Sweepers and  Mops 

Soap, Omo etc. 

Tools essential for gardening   

6.      All health center staff (support 
and professionals) should be 
trained using standard infection 
prevention training materials.  

Standard IP training manual 

All staff (Support and health professionals) trained : attendance list 

7.      The health center provides health 
education to patients, caregivers 
and visitors, as appropriate on 
infection prevention practices. 

Check Health Education schedules   

Check presence of regular IP Health Education at OPD (report/record)

8.      Standard practices to prevent, 
control and reduce risk of  health 
care associate Infections (HCAIs) 
are in place and transmission 
based precautions (TBP) are 
adequately addressed  

Check the proper medical waste sorting, collecting and disposal 
practices implementation.

9 The Health center ensures that 
equipment, supplies are cleaned 
as per the standards for infection 
prevention

Check the implementation of proper decontamination, cleaning, 
sterilization and storing practices 

10 Health center and health post 
IP&PS activities are integrated, 
ensure community engagement 
through HEWs and 1 to 30 
Women Development team. 

Check activities implemented at satellite health posts, health extension 
workers and community members. 

Chapter 8: Medical Equipment Management & Biomedical Engineering 

Checklist: chapter 8. 

Ser. 
No

Description of the standard Verifi cation Criteria Yes 
No  х

met =1
not met =0

Remark /
comment 

1 The Health Centre has a paper-
based or computer-based 
inventory management system 
that tracks all equipment included 
in the equipment management 
program.

Check presence of inventory reports 
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2 All new equipment undergoes 
acceptance testing prior to 
its initial use to ensure the 
equipment is in good operating 
condition. Equipment is installed 
and commissioned in accordance 
with the manufacturer’s 
specifi cations. 

Observe the implementation of acceptance testing through checklists.

3 All equipment users are 
appropriately trained on the 
operation and maintenance of 
medical equipment with standard 
operating procedures readily 
available to the user. 

List of staff trained on equipment uses & maintenances.

4 There is a schedule for 
preventive and curative 
maintenance for each piece of 
equipment as guided by the 
manufacturer’s recommendations 
and that schedule is appropriately 
implemented. 

Check regular maintenance schedule 

check implementation of maintenance services as  per schedule. 

5 The Health Centre compound are 
regularly inspected, maintained, 
and, when appropriate, improved 
to ensure cleanliness of rooms 
and compound’s safety of 
patients, visitors and staff. 

Regular inspection schedule maintained. 

6 Potable water is available 24 
hours a day, seven days a week 
through regular or alternate 
sources to meet essential patient 
care.

Check the presence water supply 24 hours per day, 7 days per week 
form regular or alternative sources. 

7 Electrical services are available 
24 hours a day, seven days a 
week through regular or alternate 
sources (such as generators, 
solar, ) to meet essential patient 
care.

Check the presence electric supplies 24 hours per day, 7 days per week 
form regular or alternative sources.      

8 Maintain ace request form should 
be available for new and broken 
medical equipment's.  Example: 
(electric, Water, environmental 
cleanliness, sweeper lines and 
air cleaning pipe maintenance 
should be in place). 

Check presence of maintenance request, and  workorder forms

Chapter 9: Human Resource Management 

Checklist: chapter 9. 

Ser. 
No

Description of the standard Verifi cation Criteria Yes 
No  х

met =1
not met =0

Remark /
comment 

1 The Health Center (HC) has a 
HRM case team or case worker 
staffed by individuals who 
possess management skills and 
experience dealing with individual 
personnel matters and HRM 
coordinator/case worker is a 
member of the HC Management 
committee. 

Employment or assignment letter 

List of Management committee members
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2 The HRM case team or case 
worker maintains a personnel fi le 
for each and every HC employee. 

Randomly select fi ve fi les and check the following points.

Employment or assignment letter 

Job description 

3 The HRM case team coordinator 
or case worker is responsible to 
develop HC Human Resource 
Development plan  .

Human resource development plan 

4 The HRM case team coordinator 
or case worker is responsible 
propose and implement different 
staff motivation strategies as an 
incentive and benefi t packages. 

Staff motivation, incentives and benefi t packages 

5 The HC has a performance 
management process in which all 
employees are formally evaluated 
at least two times per annual. 
And proper feedback should be 
given. 

 Select fi ve sample fi les and check for evaluation and feedback 

6 ID badges and appropriate 
uniforms are worn by employees 
at all times in the work place.  

Every and each employs should wear badge and uniform. 

Chapter 10: Quality Improvement And Routine Health Information Management System 

Checklist: chapter 10. 

Ser. 
No

Description of the standard Verifi cation Criteria Yes 
No  х

met =1
not met =0

Remark /
comment 

1 Health Center established 
committee to follow service 
quality, and report compilation 
from different service points. 

Established Quality Improvement team of committee, and he committee 
developed TOR. 

Regular meetings held supported with minutes.

2 The HC has  prepared quality 
of service improvement plan 
categorized by month, quarter, 
biannual, and annual.

the health center has monthly, quarterly.bi-annually and annually 
categorized. Check all departments take responsibilities and singed 
agreements to comply with. 

3 The HC is implementing the 
quality improvement strategies 
on selected and major challenges 
that leads poor service delivery. 

The health center identifi es major challenges, their root causes and 
develop do-able action (prioritized solutions) 

4 The HC is responsible to collect, 
interpret, analyze, and use to 
improve quality of care and report 
to next level of the health care on 
selected key indicators in timely 
manner. 

Check the report monthly, quarterly, and biannually, annually developed 
reports Heath Center  in addition , check proceedings, or minutes of 
community groups and health workers meeting minutes. 

5 Client satisfaction and other 
quality indicators are regularly 
implemented and use the 
feedback for quality improvement 
of service delivery. 

Check the assessment protocol and tools used to check patient levels of 
satisfaction. 
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SN Indicator Formula Disaggregation Data Sources Reporting level Remark

1 Contraceptive 
Acceptance Rate 
(CAR)

Number of women in reproductive age 
who use FP

x100% --- CHIS/HMIS Village (Kebele), 
PHCU, WZR, 
FMoH

CT=80%

Number of women eligible for modern 
FP methods 

Maximum 
point is 6

The cut off point for this indicator is 80%, that means 
if the PHCU scores 80% or above, the PHCU will 

get the maximum weight given to this indicator (i.e. 
6). If the PHCU scores less 80%, the point it will 

score out of the total weight given to the indicator is 
calculated by multiplying the PHCU’s CAR score by 
6/80%. For example if the PHCU scores 30%, the 

weight it will score will be calculated as 30%*6/80%=

2 Proportion of 
pregnant women 
attending antenatal 
care clinics tested 
for syphilis.

Number of pregnant women tested 
for syphilis

x100% HMIS Kebele, PHCU, 
WZR, FMoH

CP=100%

Total number of  pregnant mothers 
attended at least one ANC visit

Maximum 
point 5

In order to calculate the weight the HC 
would score in this indicator, the value 
of the indicator need to be calculated by 
multiplying by 5 and dividing by 100%. 

If the HC has 80% ANC syphilis 
testing, then the score of the health 
center would be 80%*5/100%=4

3 Proportion of births 
attended by skilled 
health personnel

The number of births attended by 
skilled health personnel 

-- HMIS Kebele, PHCU, 
WZR, FMoH

CT=85%

Total number of expected Deliveries x100% Maximum 
point is 8

The cut off point for this indicator is 
85%, that means of the PHCU scores 
85% or above, the PHCU will get 
the maximum weight given to this 
indicator (i.e. 8). If the PHCU scores 
less 85%, the point it will score out of 
the total weight given to the indicator 
is calculated by multiplying the 
PHCU’s achievement by 8/85%. For 
example if the PHCU scores 60%, the 
weight it will score will be calculated 
as 60%*8/85%=5.6

4 Proportion of women 
who attended post-
natal care at least 
once during the 
early post-partum 
period (within 7 days 
after delivery).

Number of postnatal visits within 7 
days of delivery

x100% HMIS Kebele, PHCU, 
WZR, FMoH

CT=95%

Total number of expected Deliveries  Maximum 
point 6

The cut off point for this indicator is 
95%, that means if the PHCU scores 
95% or above, the PHCU will get 
the maximum weight given to this 
indicator (i.e. 5). If the PHCU scores 
less 95%, the point it will score out of 
the total weight given to the indicator is 
calculated by multiplying the PHCU’s 
achievement by 5/95%. For example 
if the PHCU scores 60%, the weight it 
will score will be calculated as 

60%*5/95%=3.2

Key Performance indicators adopted from EFMOH 2015
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5 Proportion of 
newborns with 
sepsis who receive 
treatment for sepsis 
within a given period

Number of neonates treated for sepsis x100% --- HMIS Kebele, PHCU, 
WZR, FMoH

CT=95%

Estimated number of neonates with 
sepsis

Maximum 
point 5

Estimation or 
targets: 10% of 
under one-year 
child is neonate 
<2 months. And 
the prevalence of 
sepsis (VSD is 7.6% 
of under 2 months 
neonates. 

The cut off point for this indicator is 
95%, that means if the PHCU scores 
95% or above, the PHCU will get 
the maximum weight given to this 
indicator (i.e. 5). If the PHCU scores 
less 95%, the point it will score out of 
the total weight given to the indicator 
is calculated by multiplying the 
PHCU’s achievement by 5/95%. For 
example if the PHCU scores 60%, the 
weight it will score will be calculated 
as 60%*5/95%=3.2

6 Proportion of HIV 
positive pregnant 
and lactating women 
who received 
ART (antiretroviral 
therapy) at 
ANC+L&D+PNC 
for the fi rst time 
to reduce the risk 
of mother-to-child 
transmission

Number of HIV positive pregnant and 
lactating women who received ART 
to reduce the risk of mother to child 
transmission at ANC+ L&D + PNC for 
the fi rst time   

x100% HMIS Kebele, PHCU, 
WZR, FMoH

CT=95%

Number of HIV positive  pregnant and 
lactating women 

Maximum 
point 5

NB: no Option B+; 
replaced by PMTCT

The cut off point for this indicator is 
95%, that means if the PHCU scores 
95% or above, the PHCU will get 
the maximum weight given to this 
indicator (i.e. 5). If the PHCU scores 
less 95%, the point it will score out of 
the total weight given to the indicator 
is calculated by multiplying the 
PHCU’s achievement by 5/95%. For 
example if the PHCU scores 60%, the 
weight it will score will be calculated 
as 60%*5/95%=3.2 

7 Proportion of 
children who 
had penta 1, but  
dropped from 
penta 3

[Number of children immunized 
for penta 1 ] - [Number of children 
immunized for penta 3] 

x100% --- HMIS Kebele, PHCU, 
WZR, FMoH

CT=5%

Number of children immunized for 
penta 1

Maximum 
point 5

The cut off point for this indicator is 
5%, the following categories will be 
used for rating dropouts

(1)    <10% will get max 5 points

(2)    10-15 will get 3 points

(3)    15 – 20 will get 2 points 

(4)    20- 25 will get 1 point

(5)    >25 will get zero point 

8 Fully immunization 
coverage for under 
one year children

Number of children received all 
vaccine doses before 1st birthday

x100% --- HMIS Kebele, PHCU, 
WZR, FMoH

CT=95%

Total number of surviving infants Maximum 
point 6
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The cut off point for this indicator is 
95%, that means if the PHCU scores 
95% or above, the PHCU will get 
the maximum weight given to this 
indicator (i.e. 6). If the PHCU scores 
less 95%, the point it will score out of 
the total weight given to the indicator 
is calculated by multiplying the 
PHCU’s achievement by 6/95%. For 
example if the PHCU scores 60%, the 
weight it will score will be calculated 
as 60%*6/95%=3.8

9 Iron and folic acid 
supplementation

Total number of Pregnant women 
received IFA at least 90 plus 

x100% --- HMIS Kebele, PHCU, 
WZR, FMoH

CT=95%

Total estimated number of pregnant 
women 

Maximum 
point 4

10 Children attended 
Growth Monitoring 
and Promotion 
sessions

Number of Children less than 2 year 
weighted during GMP session 

x100% --- HMIS Kebele, PHCU, 
WZR, FMoH

CT=80%

Total Estimated children under 2 years Maximum 
point 5

11 Proportion of all 
forms of TB (New 
and relapse) cases 
detected during 
a specifi ed time 
period.

Number of all forms of TB (New 
and Relapse cases detected during 
reporting period)

--- HMIS Kebele, PHCU, 
WZR, FMoH

CT=90%

Estimated number of all forms of TB 
cases in the population during the 
same  period  in the PHCU

Maximum 
point 5

The cut off point for this indicator is 
90%, that means if the PHCU scores 
90% or above, the PHCU will get 
the maximum weight given to this 
indicator (i.e. 5). If the PHCU scores 
less 95%, the point it will score out of 
the total weight given to the indicator 
is calculated by multiplying the 
PHCU’s achievement by 5/90%. For 
example if the PHCU scores 60%, the 
weight it will score will be calculated 
as 60%*5/90%=3.3

12 TB case detection 
contributed by 
community

Number of TB cases detection 
contributed by the community 

X100% HMIS Kebele, PHCU, 
WZR, FMoH

CT=87

Maximum 
point 5

NB:  count number 
of TB cases 
detected after 
HEWs referral  

Total number of TB cases (all forms) 
notifi ed during the same period 

13 Number of malaria 
cases per 1000 
population at risk of 
malaria

Number of new malaria OPD + IPD 
cases (All malaria cases, of any 
species, should be included – whether 
clinical or laboratory diagnosis.) *1000

CT=5/1000

The following categories will be used: Maximum 
point 5

• Malaria case load < 5 = 5pts 

• Malaria case load 5-25=3pts 

• Malaria case load 26-50=2pts 

• Malaria case load 51-100=1pt 

• Malaria case load > 100=0pt
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14 Proportion of HIV 
positive adults and 
children who are 
currently on ART

Number of people currently on ART --- HMIS Kebele, PHCU, 
WZR, FMoH

CT=90%

Estimated number of HIV positive  
adults and children eligible for ART

Maximum 
point 6

The cut off point for this indicator is 
90%, that means if the PHCU scores 
90% or above, the PHCU will get 
the maximum weight given to this 
indicator (i.e. 5). If the PHCU scores 
less 95%, the point it will score out of 
the total weight given to the indicator 
is calculated by multiplying the 
PHCU’s achievement by 5/90%. For 
example if the PHCU scores 60%, the 
weight it will score will be calculated 
as 60%*5/90%=3.3

15 Viral load 
suppression

Number of adult and pediatric patents 
on ART with an undetectable viral 
load (<1000copies/ml) in the past 12 
months 

X100% PHCU, WZR, 
FMoH

CT=90

Estimated number of PLWHIV Maximum 
point 6

16 The number of 
months in which 
tracer drug was 
available averaged 
over all tracer drugs 
during the month

Sum of tracer drugs x months 
available in the time period 

x100% Kebele, PHCU, 
WZR, FMoH

CT=100

Sum tracer drugs x Sum total number 
of months in time period

Maximum 
point 6

The cut off point for this indicator is 
100%, If PHCU scores less 100%, 
it will gain the maximum weigh. If 
the achievement is less than 100%, 
the point it will score out of the 
total weight given to the indicator is 
calculated by multiplying the PHCU’s 
achievement by 6 For example if 
the PHCU scores 60%, the weight 
it will score will be calculated as 
60%*6=3.6. 

17 Proportion of 
functional Health 
Development army 
(HDA) 

Number of functional 1 to 5 network in 
the catchment area

x100% Kebele, PHCU, 
WZR, FMoH

CT=100%

Total number of HDA in the catchment 
area 

Maximum 
point 6

The cut off point for this indicator 
is 100%, that means if the PHCU 
scores 100%, the PHCU will get 
the maximum weight given to this 
indicator (i.e. 6). If the PHCU scores 
less 100%, the point it will score out of 
the total weight given to the indicator 
is calculated by multiplying the 
PHCU’s achievement by 6/100%. For 
example if the PHCU scores 60%, the 
weight it will score will be calculated 
as 60%*6/100%=3.6

18 Model Village 
(Kebele)

Number of villages declared model x100% Kebele, PHCU, 
WZR, FMoH

CT = 80

Number of villages in the catchment Maximum 
poiny 6
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Bommunity -Based Health Insurance from EFMOH 2015

SN Indicator Formula Disaggregation Data Sources Reporting level Remark

1
Community-
Based Health 
Insurance 

Number of Household newly registered or renewed 
membership x100%

– CBHI Scheme 
register 

Village 
(Kebele), 
PHCU, WZR, 
FMoH

CT=80%

Number of household in the catchment 

The target for community basedhealth insurance membebership 
is enrolling and renewing atleat 80% of households in a defi ned 

catchment, village. 
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Abstract
ABO blood group system discovery was an important step in development of such areas as transplantation and 
transfusion medicine. At the same time understanding of fundamental role of antigenic determinants in physiological 
functions maintenance and pathological conditions development remained unexplained for a long time. Today it is 
known that A and B antigens are widely represented not only on erythrocytes membrane but also on other cells and 
tissues: platelets, epithelial tissue, oral and spermal fl uids. Earlier authors studied metabolic and coagulation profi les, 
as well as blood cells composition in clinically healthy individuals on more than 180,000 donations, thus revealing 
group-specifi c features for each blood group.  The review provides synthesis of association of such pathological 
conditions as coronary heart disease, thromboembolic complications, tumors of various localizations, infl ammatory 
and destructive oral diseases, psychiatric and some infectious diseases with the presence or absence of antigenic 
determinants A and B. 0 (I) blood group carriers are more resistant to development of diseases, excepting H. pylori-
associated gastrointestinal diseases. Carriers of “antigenic” blood groups A (II), B (III), AB (IV) are more susceptible to 
infections, cardiovascular diseases, and oncological diseases. The data presented may contribute to a personalized 
patient approach formation, based on antigen-associated biological variability of various signs in norm and pathology.
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Introduction 

Nowadays studying molecular markers revealing 
predisposition to certain diseases that could indicate 
pathological process development possibility is of great 
importance. 
In this regard, AB0 system antigens are of special interest. AB0 
blood group system was one of the fi rst to be discovered by 
K. Landsteiner and his students in 1901, for this discovery he
was awarded the Nobel Prize in 1930. AB0 system antigens
chemical structure is presented with molecules of glycoproteins
fi xed on erythrocyte cytoplasmic membrane surface. The
difference between blood group antigens consists in different
terminal oligosaccharide chain glycans [1, 2]. Antigens of AB0
system are presented not only on erythrocyte membrane
surface, but also in secretory epithelium of salivary glands,
gastrointestinal organs, sex glands and respiratory system.
The soluble form of these antigens can be found in oral fl uid,
semen and other biological secrets [3].

Numerous information is currently available on blood 
group antigens presenting the carbohydrate component 
(AB0, Lewis, Secretor) and their relationship to infectious 
and cancer disease. Existing data enables approaches of 
personalized medicine in terms of diagnostics and treatment 
of diseases based on molecular predisposition factors [4, 5]. 
Earlier authors studied specifi c features of carbohydrate, 
protein, and lipid metabolism, blood cell composition [5, 
6] and coagulation profi le depending on AB0 blood group
system on more than 180,000 clinically healthy persons’
donations [7]. Association between blood group type and
anemia, hemophilia, pregnancy-related pathology, fetal
hypotrophy was observed [8, 9].
This review summarizes research results over the past
decade aimed at determining the relationship between blood
group affi liation by AB0 system and probability of infectious
and somatic diseases.

© 2020 Frida Gilmiyarova. This is an open access article distributed under the 
Creative Commons Attribution-NonCommercial-NoDerivs license (http://creative-
commons.org/licenses/by-nc-nd/3.0/).

Mini-Review Article • DOI: http://dx.doi.org/10.2478/medu-2020-0003 Medical University • 3(1) • 2020

Corresponding author: F.N. Gilmiyarova

E-mail: bio-sam@yandex.ru



40

Medical University

schistosomiasis, people with antigenic determinants A 
and B on the membrane surface of erythrocytes are more 
susceptible to schistosomiasis than people with 0(I) blood 
group, and there is no dependence between the type of 
schistosome and ethnicity [20]. 

Non-communicable Diseases

Correlation between AB0 system blood group affi liation and 
coronary heart disease risk development was established. 
According to Z. Chen et al. [21, 22], individuals with 0(I) blood 
group have the lowest risk, and individuals with A(II) blood 
group – the highest one. 
Carbohydrate components of antigens A and B are expressed 
on platelet glycoprotein receptors - GP IIa and IIIa, as well as on 
GP IIb/IIIa complex, playing a key role in thrombosis process. 
GP IIb / IIIa receptor complex ensures platelet aggregation by 
binding fi brinogen, fi bronectin and von Willebrandt factor. GP 
IIa, as part of GP Ia / IIa complex, binds platelets to collagen 
in damaged endothelium sites. Thus, AB0 antigens are able 
to modify platelet glycoprotein receptors structure and play a 
certain role in thrombosis, that explains risk of cardiovascular 
diseases development [23]. 
It was found that the incidence of thromboembolic 
complications in various diseases is associated with blood 
group affi liation, incidence in “antigenic” blood groups is 30% 
higher compared to 0 (I) group carriers [24]. 
This interrelation can also be explained by antigen-mediated 
change of von Willebrandt factor levels and factor VIII in 
plasma [6], the lowest content of which is observed in “zero” 
blood group carriers.
Antigens A and B carriers have an elevated content of these 
factors, contributing to an increased risk of thrombosis, 
also explaining risk of myocardial ischemia. Difference in 
presented coagulation factors level is caused by the fact 
that some of von Willebrandt factor sites are subjected 
to structural modifi cations by means of AB0 antigens. 
Three O-glycans are known to directly bind with antigenic 
determinants, leading to posttranslational changes in these 
molecules [25]. 
It is interesting to note that coagulation profi le difference 
is refl ected far beyond coagulation system. For example, 
correlation between von Willebrand factor and factor VIII 
levels and vascular dementia and cognitive impairment 
development was shown. 0 (I) blood group carriers are less 
susceptible to age-related cognitive changes and therefore 
have longer life expectancy. Another intriguing mechanism 
may include antiangiogenic properties of von Willebrand 
factor, explaining a more complete brain vascularization in 
individuals with group 0 (I), due to the lower content of von 

To facilitate comprehension of this paper, we will use division 
of blood groups according to the AB0 system into “zero” group 
- 0 (I), that does not contain antigens A, B, AB and “non-zero”, 
or “antigenic” groups, that correspond to blood groups A (II), B 
(III), AB (IV) in the generally accepted classifi cation [6]. 
 

Infectious Diseases 

Glycans play an important role as recognition molecules, 
explaining a likely relationship between infectious diseases 
and blood group affi liation. Many vertebrate species 
retained functional gene responsible for A and B antigens 
expression. Most humans, on the other hand, are genotype 
0 (I) carriers, so that glycosyltransferases completing A 
and B antigens synthesis formation are inactivated in these 
persons. AB0 genes polymorphism is associated with 
evolutionary adaptation as a protection mechanism against 
interspecifi c and intraspecifi c infections, since antibodies 
are produced against foreign A and B antigens that enter 
the body with pathogenic microfl ora. Mimicking pathogenic 
adhesive glycotopes with other glycans is another possible 
protective mechanism. While binding sites of infective 
agents to epithelium surface may support their colonization, 
AB0 antigens secreted into biological fl uids may serve as 
“bait” receptors for pathogenic microfl ora and thus have a 
protective function [4].
Despite evolutionary patterns, gastrointestinal diseases 
associated with Helicobacter pylori are the most susceptible 
in persons with “zero” blood type, that is confi rmed in meta-
analysis of Z. Chakrani et al. [10]. One of the reasons is 
the absence of glycosyl transferase enzyme, catalyzing 
attachment of terminal monosaccharides to L-fucose of 
substance H, a common precursor for antigens A and B. In 0(I) 
blood group carriers transformation of substance H into Le-b 
antigen is inherent. High level of this antigen in the stomach 
and duodenum mucous membrane increases susceptibility to 
H.pylori infection because it serves as an additional receptor 
for this microorganism [11].
For the majority of infectious diseases susceptibility of 
“antigenic” blood groups carriers is higher in comparison 
with carriers of “zero” group. In particular, meta-analysis by 
A. Degarege et al. [12], who studied peculiarities of malaria 
course depending on blood group affi liation, showed 
that persons with A(II), B(III) and AB(IV) blood groups 
have higher chances of developing P. falciparum malaria 
[13-16] infection. When comparing placental infection 
prevalence it was noted that in comparison with 0(I) blood 
group probability of active course of P. falciparum malaria 
is higher in women with “antigenic” blood groups [17-19]. 
According to R. E. Tiongco meta-analysis, who studied 



41

Medical University

Willebrand factors and factor VIII compared to individuals with 
blood group A(II), B(III) or AB(IV) [26]. 
In addition to relation between somatic diseases and blood 
group affi liation, there are also associations with mental 
disorders. According to S. Pisk et al. meta-analysis [27], 
mental disorders development in general is typical for AB(IV) 
blood group carriers. As for certain diseases, depressive 
disorders are more common in A(II) blood type carriers, 
and the risk of schizophrenia and bipolar affective disorder 
is higher in 0(I) blood type carriers [28]. According to some 
studies, more frequent occurrence of bipolar affective 
disorder in individuals with 0(I) blood group is associated 
with changes in dopamine-β-hydroxylase enzyme activity, 
that is involved in dopamine- noradrenaline transformation, 
increased in bipolar affective disorder, and decreased 
in depression. 0(I) blood group carriers are also more 
susceptible to schizophrenic disorders, probably due to 
excessive dopamine activity [29].

Cancer

Stomach cancer ranks fi fth among the most frequently 
diagnosed malignant tumors and is the third most important 
cause of death worldwide [30], so establishing relationship 
between blood group and this type of cancer is of great 
diagnostic importance. Currently, it has been determined 
that A(II) and AB(IV) blood groups have the largest number 
of patients with stomach cancer [31]. It follows that a certain 
role is played by antigen A, affecting systemic infl ammatory 
reactions, intercellular adhesion, membrane signal 
transmission, as well as immune surveillance of malignant 
cells. It is assumed that persons positive for this antigen have 
lower free hydrochloric acid production, which plays the role 
of antibacterial protection, compared to those who do not 
carry this antigen [32]. Also, in A(II) and AB(IV) blood groups 
carriers there is a decrease in type 1 intercellular adhesion 
molecule soluble form production as compared to 0(I) and 
B(III) blood groups, which negatively affects immune system 
antitumor protection [33]. The lowest risk of esophageal 
cancer is typical for persons with 0(I) blood group, and the 
highest risk is in persons with B(III) blood group [34].
Over one million new cases of breast cancer are diagnosed 
annually [35]. According to S.Y. Miao et al. meta-analysis 
[36], the highest risk of breast cancer is observed in women 
with A (II) blood group. One of the reasons is the fact that 
normal breast tissue constantly expresses blood group 
antigens of the same type, while in the areas of benign 
neoplasia a more diverse pattern of antigen expression 
is observed. They play an important role in malignant 
progression and tumor cells spread [37].

Oral Diseases

Infl ammatory and destructive diseases of oral cavity are 
equally important in general morbidity structure. Differential 
secretion of blood group AB0 antigens in tissues may be a factor 
infl uencing development of oral cavity systemic diseases and 
depends on patient secretory status. AB0 system antigens 
expression is infl uenced by differentiation and maturation of 
cells in stratifi ed squamous epithelium of oral cavity. Basal 
layer cells express precursors of carbohydrate chains of A and 
B antigens, while antigens themselves are more often found 
in spinous layer. In oral tissues A and B-glycosyltransferase 
and their substrates presence determines expression of A and 
B antigens [38]. 
Correlation of infl ammatory-destructive diseases with blood 
group affi liation has not been yet established, obtained results 
are contradictory and there are no meta-analyses. We cite 
studies by a number of authors on this problem. According to 
G.P. Pai et al. [39], whose study included 750 individuals, the 
highest percentage of healthy volunteers was found among 
0(I) blood group carriers, while most patients with moderate to 
severe gingivitis were of blood group A(II) and B(III). A similar 
situation is observed in individuals who have been diagnosed 
with periodontitis. This pattern may be due to the fact that 
antigens A and B are receptors for fi xation of infective agents, 
thereby contributing to periodontal disease development. 
According to D.Mostafa et al. [40], whose study involved 1126 
patients with generalized chronic periodontitis, in contrast, 
individuals with 0(I) blood group are at increased risk regardless 
of severity compared to other blood groups. 0(I) blood group 
carriers and persons of A(II), B(III), AB(IV), who do not have 
antigens A and B in their oral fl uids, are more susceptible to 
infl ammatory and destructive oral diseases. Low IgA in the oral 
fl uid should also be considered, which may compromise their 
ability to maintain oral antibiotic protection [41].

Conclusion

Considering blood groups as an evolutionary heritage, we can 
conclude that 0 (I) blood group carriers, whose erythrocyte 
membrane contains no AB0 antigens in comparison with other 
“antigenic” variants of this system, have a certain advantage 
in relation to general risk of neoplasm development, 
cardiovascular diseases, thromboembolic complications, and 
some other life-threatening infections. 
Over the past decades, various researchers have assessed 
whether congenital biological determinant, that is AB0 
antigens affi liation, has clinical signifi cance beyond its use in 
transfusion and transplantation medicine. 
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Currently, there is suffi cient data available to demonstrate 
the role of AB0 antigens in various systemic diseases 
pathogenesis, including cancer, infectious, cardiovascular 
and a number of other diseases. The data presented 
justifi es necessity to take into account blood group 
affi liation when diagnosing various diseases, planning 
treatment or assessing prognosis. It may be reasonable to 
include blood group affi liation into scales for determining 
risk of cardiovascular diseases, coagulation disorders, 
gastrointestinal diseases.

Determining AB0 group affi liation has become a routine 
laboratory study, but prospect of using this data in context of 
personalized medicine is still underestimated.
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Abstract
The problem of physiological gait stereotype restoration in patients with post-stroke central hemiparesis remains 
relevant to this day. This is primarily associated with high risk of falls in this category of patients. At this point, there is 
a wide variety of methods related to exercise treatment and robotised correction or restoration of impaired gait against 
the background of post-stroke hemiparesis. At the same time, the problem of management of talipes equinovarus 
associated with this syndrome remains quite complex and not completely solved. We have analysed existing methods 
of talipes equinovarus correction with different levels of evidentiality.
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Main Text

Both the problem of cerebrovascular accident (CA) and 
the process of rehabilitation after CA remain relevant in all 
states around the globe [1]. The objective of verticalization 
with subsequent gait restoration is top priority for post-CA 
patients with the syndrome of central hemiparesis. Each 
stage of recovery involves application of walkers, quad 
canes. Walking without support has a risk of falls. According 
to existing research, the risk of falls after stroke for the 
inpatient varies from 14% to 65% [2, 3].
After discharge, falls occurred in 73% of the cases [2]. Such 
high possibility of falls for central hemiparesis patients is 
determined by several factors. These are, fi rstly, reduction 
of muscle strength and loss of the capability of leaning on 
the paretic extremity. Oftentimes, patients develop incorrect 
centre-of-gravity shifting (CoG). In particular, the shift occurs 
in direction of the intact extremity. This makes the patient 
less stable and the risk of falls during gait increases. Also, of 
large importance in occurrence of falls in central hemiparesis 
patients is the formation of talipes equinovarus. At the current 
stage of neurorehabilitation technology development, there are 
different methods for correction of muscle strength deterioration 
and CoG shifting which in turn leads to decreased risk of falls 
during gait. However, methods that effectively correct talipes 
equinovarus are quite restricted and insuffi cient.

Let us investigate into the reasons determining this. 
Hypertonia occurs in the following muscles in equinovarus 
deformity: tibialis anterior, tibialis posterior, peroneus 
longus, soleus, gastrocnemius, extensor hallucis longus, 
fl exor hallucis longus [4]. This changes gait biomechanics. 
Talipes equinovarus prevents natural maximum ankle-joint 
dorsifl exion at the third stage of the gait cycle, restricts 
foot lifting from the supporting surface at the beginning 
of the fourth stage [5]. Additionally, there is a decrease in 
the support surface area and compensatory knee-joint 
hyperextension [6].
Means and methods exerting infl uence on talipes 
equinovarus could be conveniently classifi ed into methods 
removing the defect and methods correcting it. The methods 
completely removing talipes equinovarus are the following: 
proprioceptive correction suits, spasticity-decreasing 
methods, central muscle relaxants, biological feedback 
with electromyography, vibration therapy and percutaneous 
electric neurostimulation. The methods that only temporarily 
correct talipes equinovarus are orthoses.
Let us give a more detailed description of each method. The 
proprioceptive correction suit consists of supporting and load 
parts. This system works as a muscle support structure. 
Elements of the system are located in close approximation 
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recommended for muscle tone lowering, increase of movement 
volume in the impaired extremity, contracture development 
prevention, gait improvement and pain alleviation in spastic 
patients [17, 18]. It is most effective to combine botulinum 
toxin therapy and rehabilitation methods [19]. This provides for 
improvements in gait pace acceleration, step length increase, 
static and dynamic balance improvement and, consequently, 
reduction of the risk of falls. Dosage: it is recommended to 
adhere to intervals of at least 12 weeks between injections in 
order to prevent development of resistance to the preparation. 
The evidentiality level for this method is A [20, 21].
Usage of central muscle relaxants is recommended for treatment 
of generalised spasticity that signifi cantly restricts mobility and 
working capacity in patients with central hemiparesis [22]. 
Muscle-relaxing action is determined by affecting α2-adrenergic 
receptors located at the spinal cord level. Another possible 
mechanism is facilitation of inhibitive infl uence of GABA and 
decrease of neural transmission activity, which lowers motor 
cortex excitability [23]. However, action of central muscle 
relaxants is not targeted in relation to separate muscle groups. 
This may lead to the development of undesired general muscle 
weakness [24]. This type of therapy has the evidentiality level B.
Foot orthoses are technical means of rehabilitation used 
for foot load alleviation, its fi xation and correction of talipes 
equinovarus. Despite temporariness of their effect (for the 
duration of wearing), this means of correction has evidentiality 
level A. It is recommended in the setting of need for immediate 
improvement of gait quality and velocity or weight distribution 
in legs during standing and walking [4]. Usage of orthoses 
may be temporary during rehabilitation exercises or constant 
in order to eliminate the risk of falls during the patient’s 
independent walking [25].

Conclusion

It becomes obvious from studying accessible methods of talipes 
equinovarus correction for post-stroke patients with hemiparesis 
that there is no method that would eliminate the aforesaid defect 
completely. All described means and methods only partially 
solve the problem. Thus, the risk of falls remains high for this 
category of patients. As a consequence, search for a brand-new 
solution in correction of talipes equinovarus in the patient with 
central hemiparesis syndrome remains relevant.

Confl ict of Interest Statement

We declare that there is no confl ict of interest that would be 
associated with this paper.

to extensors, fl exors and rotation muscles. Thus, it is possible 
to achieve refl ective response of the organism to external 
stimulation. Analogical elements are located on the foot for 
correction of its positioning. The evidentiality level of this 
method is D [7, 8].
One of the options for paretic extremity spasticity decrease 
and thus elimination of talipes equinovarus is vibration 
treatment (Vibromatic, “Grizzly”). However, application of 
this method has a number of restrictions: epilepsy, common 
infectious diseases, third-degree cardiovascular insuffi ciency, 
severe angina, malignant tumours, thrombophlebitis, trophic 
ulcers, severe neuroses and signifi cant endocrine system 
dysfunction. The average course of treatment totals 10 
procedures [9, 10].
The method of EMG with biological feedback is recommended 
for correction of spasticity with the C-level central hemiparesis 
syndrome. The method implies the following: application of 
electrodes on active muscles leads to appearance of an 
electromyographic signal which is in accordance with the real 
activity of the muscle. Therefore, the patient and the attending 
physician may assess objectively real physical activity and 
the response of the muscle to the load [11]. 
Also, on the purpose of spasticity decrease and alleviation 
of the pain syndrome, the patients are recommended to 
undergo percutaneous electric neurostimulation. It evokes the 
“blockade” of the pain impulse, increase in local blood fl ow, 
decrease of the perineural oedema, destruction of algogenic 
substances (bradykinin) and infl ammation mediators 
(acetylcholine, histamine). The method uses impulse current 
2-400Hz with short impulse duration (20-50ms) [12, 13].
Application of physiotherapy as means reducing spasticity in
the paretic foot is also relevant in the modern neurorehabilitation
practice. These may include thermal procedures, as well
as electric stimulation of certain muscle groups, e.g. tibialis
anterior [14].
Therapeutic massage of paretic limbs exerts positive infl uence
on decrease of the muscle tone. It is recommended to use
light stroking of affected muscles. The antagonist muscles,
oppositely, can be rubbed or massaged with superfi cial
kneading in a faster pace [15].
Additionally, there are medical treatment methods for
spasticity decrease in the paretic foot of patients with central
hemiparesis syndrome. These include: local antispasmodic
therapy using A-type botulinum toxin that leads to
development of chemodenervation. A-type botulinum toxin
affects neuromuscular transmission directly due to release
of acetylcholine at the presynaptic level and further long-
term muscle relaxation. This determines its antispasmodic
action. Botulinum toxin injection must be performed directly
into spasmodic muscles in an optimally selected dose, which
provides for a positive and safe effect [16]. This method is
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Abstract
Background: Historically, the Rod of Asclepius is considered as the correct symbol of Medicine. Unfortunately, many 
medical/health institutions in the world have erroneously interchanged the Rod of Asclepius symbol with erroneous 
symbols (e.g. Caduceus) to depict Medicine. This study aims to assess the offi cial logos (i.e. institutional symbols) of 
university teaching hospitals in Nigeria and determine if these logos actually depict the true symbol of Medicine.
Methods: This study was a cross-sectional online survey of teaching hospitals in Nigeria on their offi cial logos. A total 
of 40,556 operating hospitals and clinics in Nigeria were identifi ed. After systematic screening, a total of 35 hospitals 
were identifi ed as university teaching hospitals and used for the survey. Offi cial information about the geopolitical 
zone, ownership and offi cial logo of the selected hospitals was obtained (via online and offl ine search). Data collected 
was analysed using SPSS version 22 software.
Results: Out of the 35 surveyed university teaching hospitals, only 7 did not have snake(s) as part of their offi cial logo. 
However, out of the remaining 28 hospitals that have snake(s) as part of their offi cial logos, only 57.1% (16/28) of them 
have only one snake in their logo. Exactly half of the surveyed hospitals having logos with two entwined snakes (i.e. 
Caduceus) were owned by the federal government. Bivariate analysis showed that there exists statistically signifi cant 
relationship between the geopolitical zone where a hospital is situated and the number of entwined snakes indicated in 
their offi cial logo (p-value=0.034).
Conclusion: This study shows that the correct symbol of Medicine is not universally indicated in the offi cial logos of 
the university teaching hospitals in Nigeria. 
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Introduction 

The signifi cance of symbols in diverse spheres of life is very 
huge [1]. The Mariam Webster Dictionary defi nes symbols 
as “something that stands for or suggests something else by 
reason of relationship, association, convention, or accidental 
resemblance”. Symbols are crucial in establishing historical 
facts and cultural heritage. In the fi eld of Medicine, symbols 
have found signifi cant use in medical and health professions. 
One such is the symbol representing the medical profession, 
which is the symbol depicting an entwined snake and a staff 
– the Rod of Asclepius (Figure 1) [2-5]. 
The Rod of Asclepius is widely considered as the historically 
true symbol depicting Medicine [4]. However, there seems 
to be some variance in the recognition and the use of this 
medical symbol as symbols depicting two entwined snake 

around a winged staff are sometimes used to depict Medicine 
in some arenas [6-10]. The symbol depicting two entwined 
snake around a winged staff is referred to as the Caduceus 
(Figure 2) [11-13]. 
Historically, Asclepius was a demigod, the son of god Apollo, 
who lived in the latter part of the 8th century BC, who 
heals people from their sicknesses [14-16]. By 500 BC, the 
acceptance of Asclepius as a demigod of healing was more 
established among physician-healers in Ancient Greece, 
making these physician-healers to be regarded as Asclepiads 
– the disciples of Asclepius [15]. Traditionally, in the 4th 
century BC, this demigod (Asclepius) is being depicted by “a 
bearded man wearing a robe that leaves his chest uncovered 
and holding a staff with his sacred single serpent coiled 
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In the study, we fi rst identifi ed the list and total number 
of operational hospitals and clinics in Nigeria (n=40,556). 
Thereafter, we screened out all the non-tertiary care hospitals 
(n=40,300) in Nigeria from the master list (we obtained this 
data online from the Nigeria Health Facility Registry [date of 
access: December 30, 2019]) [19].
Using the following criteria, we thereafter extracted the list of 
all functional university teaching hospitals to be included in 
the study from the list of tertiary care hospitals in the country:
• Approval of the university teaching hospital by the Medical

and Dental Council of Nigeria for internship training [20];
• Status of the university teaching hospital as per training

of medical students, as only those university teaching
hospitals that are training medical students shall be
included in the study.

Based on the above criteria, only 35 university teaching 
hospitals were selected for the study (Figure 3). After 
identifying these hospitals, an exploration of the offi cial 
websites of these hospitals (see table 1 for the URLs) as well 
as the offi cial and public documents (hard copies) was done. 
From these websites and documents, we obtained information 
on the ownership, and geographical locations (i.e. city and 
geo-political zone) of the surveyed hospitals. Also, from these 
sources, we examined their offi cial logos for evaluation. The 
logo evaluation was based on the: (1) presence or absence 
of a snake in the logo; (2) the number of snakes in the logo, 
if available. 
Collected data was computed into SPSS version 22 Software 
for analysis. Frequency distributions of all variables were 
determined. Also, Chi square test was used to test for 
associations between relevant variables, with a p-value of 
<0.05 considered to be of statistical signifi cance.

Results

Only 35 university teaching hospitals were used for this study. 
These 35 hospitals are spread across the 6 geopolitical zones 
in Nigeria (South-West zone, South-East zone, South-South 
zone, North-East zone, North-West zone, and North-Central 
zone) (Table 2). 
Out of these 35 surveyed hospitals, only 7 did not have 
snake(s) as part of their offi cial logo. However, out of the 
remaining 28 hospitals that have snake(s) as part of their 
offi cial logos, only 57.1% (16/28) of them have only one 
snake in the logo (Table 3). Exactly half of those surveyed 
hospitals having logos with two entwined snakes (i.e. 
Caduceus) were owned by the federal government, none of 
the surveyed hospitals in North-West geopolitical zone had 
a snake in their offi cial logo, and all the surveyed hospitals in 
South-South and South-East geopolitical zones had at least 

around it” [15]. However, during the early 4th century AD, the 
worship of Asclepius and the use of Asclepius depictions were 
suppressed by the Roman Emperor Constantine due to the 
recognition of Christianity as the offi cial religion of the Roman 
Empire; Greek was a colony of the Roman Empire during this 
historical period [15]. The suppression of Asclepius depictions 
persisted until the 16th and 17th centuries AD, when some 
European medical publishers adopted that the use of Rod of 
Asclepius symbol as a medical symbol [15]. 
On the other hand, the Caduceus is a symbol depicting the 
Caduceus of Hermes [15]. The Caduceus of Hermes is a 
magical wand [15]. Hermes was a god and the son of Zeus 
and Maia – Olympian gods [15]. Hermes is also a winged 
messenger god, a protector of merchants and thieves, 
a patron of travellers, and a conductor of the dead [15].  
From the 7th century to the 17th century AD, Hermes was 
associated with alchemy, occultism, astrology, magic, and 
arts [15]. Hence, Hermes was historically considered as the 
patron of commerce [1, 15].
Based on the above, it is historically obvious that the Rod of 
Asclepius is the historically true symbol of modern Medicine 
that has been in existence for over two millennia [4, 15]. 
The Caduceus, often accepted as the current symbol of 
commerce, has often been deemed a misconception with 
its use as a medical symbol since the 19th century AD 
(over 200 years ago) [4, 15]. Medicine and Commerce are 
two different professional entities; hence there should not 
be inter-changeability errors in their use. A recent study 
conducted among medical students in a Nigerian university 
showed that the majority of the surveyed medical students 
were not aware of the historically appropriate medical symbol 
[1]. Also, some studies had recorded that some medical and 
health institutions/societies are using wrong medical symbols 
in their offi cial logos; more importantly, none of these studies 
assessed the use of the true symbol of Medicine in medical 
and health institutions/societies in Nigeria [17, 18].
Hence, it becomes imperative to explore the medical symbols 
used in Nigerian university teaching hospitals and assess 
them to determine if they actually depict the historically true 
symbol of Medicine. Hence, we aim to conduct this study 
to assess the offi cial logos (i.e. institutional symbols) of 
university teaching hospitals in Nigeria and determine if these 
logos actually depict the true symbol of Medicine. 

Methods

This study was a cross-sectional survey of university teaching 
hospitals in Nigeria on the offi cial logos they use; this study 
was also conducted under strict compliance with the 1964 
Helsinki Declaration. 
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one snake included in their logo. Lastly, bivariate analysis 
showed that there exists statistically signifi cant relationship 
between the geopolitical zone where a hospital is situated 
and the number of entwined snakes indicated in their offi cial 
logo (p-value=0.034) (Table 3).

Discussion

The issue of erroneous use of wrong medical symbols by 
medical institutions is not a new thing [21]. Even among 
medical practitioners and trainees, many of them are yet 
to know the correct symbol of Medicine [17, 18, 22, 23]. 
Historically, the correct medical symbol is the Rod of Asclepius 
[4, 5]. In a study surveying schools of health profession 
sciences in Canada, USA, and Puerto Rico, it was found 
that incorrect medical symbols were commonly used in their 
logos [17]. Also, in another similar survey solely conducted 
in the USA, it was revealed that 62% of health profession 
associations used the Caduceus symbol – a wrong medical 
symbol [18]. However, after extensive literature search, we 
found that no single published study had ever been conducted 
to assess the offi cial medical symbols/logos used in Nigerian 
medical institutions. Due to this gap in knowledge, this 
scientifi c study was conducted to assess the use of the correct 
symbol of Medicine by Nigeria medical institutions, using 
university teaching hospitals as a case study. The rationale 
for selecting university teaching hospitals for this survey is 
because they are: tertiary institutions; in the highest level 
of medical care; and also the highest citadel of learning for 
medical practitioners in Nigeria. However, there are more than 
35 teaching hospitals in Nigeria, but due to the scope of the 
study, as this study focuses on university teaching hospitals 
where medical students in Nigeria are trained; hence only 
these selected hospitals were included in this study.
It is also noteworthy that we did not conduct this study with 
the aim of belittling the institutions’ choice of use of Caduceus 
symbol (although a wrong medical symbol [21, 24]) in their 

logo, but rather to awaken the medical community to the use 
of the appropriate medical symbol and claim back a part of the 
beautiful heritage and legacy of medicine [23]. 
In this study, we recorded very interesting fi ndings. We 
found that as high as 34.3% of the surveyed hospitals have 
Caduceus as part of their offi cial institutional logo. As afore-
mentioned, this issue of erroneous inter-changeability is a 
global phenomenon [1-14, 18, 19, 21-26]. We also found that 
these errors cut across all levels of ownership (i.e. private, 
state and federal) and geopolitical zones in Nigeria, with 
North-West zone being the only exemption.
Based on the aforementioned, it becomes imperative to 
re-awaken the medical community on the recognition and 
use of the historically correct symbol of medicine. This 
issue is of serious concern because new generations of 
medical professionals and trainees are emerging and they 
are predisposed to erroneously adopting the use of wrong 
medical symbols [1]. Based on the available studies, majority 
of health professionals and medical trainees lacked adequate 
knowledge on the historically correct medical symbol [17, 22]; 
hence the need for educational interventions as regards this 
issue.
However, this study has its limitations. This study surveyed 
university teaching hospitals in Nigeria only; hence, it will be 
diffi cult to make generalizations based on the existing data as 
hospitals in lower levels and in other countries were excluded 
in the study.
In conclusion, this study shows that the correct symbol of 
Medicine is not universally used by the university teaching 
hospitals in Nigeria. Hence, all the medical institutions in 
Nigeria using wrong medical symbol in their offi cial logos 
need to take a look into this common error.
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Tables

Table 1. List of the surveyed university teaching hospitals and their websites

University Teaching  Hospital Website 

South-West Geo-political Zone

Lagos State University Teaching Hospital, Ikeja https://www.lasuth.org.ng/ 

Lagos  University Teaching Hospital, Idi- Araba https://www.luth.org.ng/ 

Olabisi Onabanjo University Teaching Hospital, Sagamu https://oouth.com/ 

Obafemi Awolowo University Teaching Hospitals Complex, Ile-Ife https://oauthc.com/ 

University College Hospital, Ibadan http://uch-ibadan.org.ng/ 

Ekiti State University Teaching Hospital, Ado-Ekiti https://eksuth.org.ng/ 

Federal Teaching Hospital, Ido-Ekiti https://fethi.gov.ng/ 

Babcock University Teaching Hospital, https://www.babcock.edu.ng/buth 

Ladoke Akintola University Teaching Hospital, Ogbomoso/Osogbo http://www.lautechteachinghospital.org/ 

South-East Geo-political Zone

Abia State University Teaching Hospital, Abia Not available

Nnamdi Azikiwe University Teaching Hospital, Nnewi https://nauth.org.ng/ 

University of Nigeria Teaching Hospital, Enugu http://www.unthenugu.com.ng/ 

Imo State University Teaching Hospital, Orlu Not available

Chukwuemeka Odumegwu Ojukwu University Teaching Hospital, Amaku Not available

Madonna University Teaching Hospital, Elele Not available

Alex Ekwueme  Federal University Teaching Hospital, Abakaliki http://www.aefutha.gov.ng/ 

South-South Geo-political Zone

University of  Uyo Teaching Hospital, Uyo https://www.uuthuyo.net/ 

University of Calabar Teaching Hospital, Calabar Not available

University of Benin Teaching Hospital, Benin https://ubth.org/ 

University of Port Harcourt Teaching Hospital, Port Harcourt https://upthng.com/ 

Delta State University Teaching Hospital, Oghara https://delsuth.com.ng 

Niger Delta University Teaching Hospital, Okolobiri https://www.nduth.org.ng 

Igbinedion University Teaching Hospital, Okada Not available

Rivers State University Teaching Hospital https://www.rsuth.ng/ 

North-East Geo-political Zone

University of Maiduguri Teaching Hospital, Maiduguri https://www.umth.org.ng/ 

Federal Teaching Hospital, Gombe https://fthg.ng/ 

Abubakar Tafawa Balewa University Teaching Hospital, Bauchi https://atbuth.org.ng/ 

North-Central Geo-political Zone

University of Ilorin Teaching Hospital, Ilorin http://uith.org/ 

Jos University Teaching Hospital, Jos http://www.juth.org.ng/ 

University of Abuja Teaching Hospital, Gwagwalada https://uath.gov.ng/ 

Benue State University Teaching Hospital, Markurdi http://www.bsuth.org.ng/ 

Bingham University Teaching Hospital, Jos http://www.bhuth.org.ng/ 

North-West Geo-political Zone

Aminu Kano Teaching hospital, Kano http://akth.org.ng/ 

Ahmadu Bello University Teaching Hospital, Zaria http://abuth.gov.ng/ 

Usmanu Danfodiyo University Teaching Hospital, Sokoto http://www.uduth.org.ng/ 
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Table 2. The surveyed university teaching hospitals in Nigeria

University Teaching Hospital n Ownership

South-West Geo-political Zone

Lagos State University Teaching Hospital, Ikeja 0 State

Lagos  University Teaching Hospital, Idi- Araba 1 Federal

Olabisi Onabanjo University Teaching Hospital, Sagamu 1 Federal

Obafemi Awolowo University Teaching Hospitals Complex, Ile-Ife 1 Federal

University College Hospital, Ibadan 0 Federal

Ekiti State University Teaching Hospital, Ado-Ekiti 2 State

Federal Teaching Hospital, Ido-Ekiti 2 Federal

Babcock University Teaching Hospital, 1 Private

Ladoke Akintola University Teaching Hospital, Ogbomoso/Osogbo 1 State

South-East Geo-political Zone

Abia State University Teaching Hospital, Abia 2 State

Nnamdi Azikiwe University Teaching Hospital, Nnewi 2 Federal

University of Nigeria Teaching Hospital, Enugu 2 Federal

Imo State University Teaching Hospital, Orlu 2 State

Chukwuemeka Odumegwu Ojukwu University Teaching Hospital, Amaku 1 State

Madonna University Teaching Hospital, Elele 1 Federal

Alex Ekwueme  Federal University Teaching Hospital, Abakaliki 1 Federal

South-South Geo-political Zone

University of  Uyo Teaching Hospital, Uyo 1 Federal

University of Calabar Teaching Hospital, Calabar 2 Federal

University of Benin Teaching Hospital, Benin 2 Federal

University of Port Harcourt Teaching Hospital, Port Harcourt 1 Federal

Delta State University Teaching Hospital, Oghara 2 State

Niger Delta University Teaching Hospital, Okolobiri 1 Federal

Igbinedion University Teaching Hospital, Okada 2 Private

Rivers State University Teaching Hospital 1 State

North-East Geo-political Zone

University of Maiduguri Teaching Hospital, Maiduguri 1 Federal

Federal Teaching Hospital, Gombe 1 State

Abubakar Tafawa Balewa University Teaching Hospital, Bauchi 2 Federal

North-Central Geo-political Zone

University of Ilorin Teaching Hospital, Ilorin 0 Federal

Jos University Teaching Hospital, Jos 1 Federal

University of Abuja Teaching Hospital, Gwagwalada 0 Federal

Benue State University Teaching Hospital, Markurdi 1 State

Bingham University Teaching Hospital, Jos 2 Private

North-West Geo-political Zone

Aminu Kano Teaching hospital, Kano 0 Federal

Ahmadu Bello University Teaching Hospital, Zaria 0 Federal

Usmanu Danfodiyo University Teaching Hospital, Sokoto 0 Federal

“n” - Number of snakes represented on logo
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Table 3. Comparison between medical logos and other variables

Variable
Number of snakes in offi cial institutional logo

p-value
One snake (n=16) Two snakes (n=12) No snake (n=7)

Ownership 

Federal 7 (43.6) 6 (50.0) 7 (100.0)

0.154State 6 (37.5) 4 (33.3) 0 (0.0)

Private 3 (18.8) 2 (16.7) 0 (0.0)

Geopolitical zone 

South-West 5 (31.3) 2 (16.7) 2 (28.6)

0.034

South-East 3 (18.8) 4 (33.3) 0 (0.0)

South-South 4 (25.0) 4 (33.3) 0 (0.0)

North-East 2 (12.5) 1 (8.3) 0 (0.0)

North-Central 2 (12.5) 1 (8.3) 2 (28.6)

North-West 0 (0.0) 0 (0.0) 3 (42.9)

“n” – Total number of respondents per category 
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Figures

Figure 1. Rod of Asclepius (Source: https://en.wikipedia.org/wiki/File:Esclapius_stick.svg [Accessed on January 02, 2020])

Figure 2. Caduceus (Source: https://commons.wikimedia.org/wiki/Caduceus#/media/File:Caduceus_large.jpg [Accessed on January 02, 2020])
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Figure 3. Diagram on data sorting
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SUCCESSFUL REPAIR OF COARCTATION 
OF THE AORTA AND OBSTRUCTIVE 
TOTAL ANOMALOUS PULMONARY 
VEINS CONNECTION IN A ONE-DAY-OLD 
NEWBORN
P.V. Teplov, A.Yu. Miller1, A.M. Titov1, V.A. Sakovich1

1Federal Center for Cardio-Vascular Surgery, Department of congenital heart disease, Krasnoyarsk, Russian Federation

Abstract
A clinical case of successful repair of a combination of total anomalous pulmonary venous connection (TAPVC) with 
collector stenosis in one-day-old newborn. Only one case of successful correction of such a pathology is reported 
previously. The operation was performed with cardiopulmonary bypass and temporary antegrade brain perfusion. 
The narrowed aortic area was resected, the integrity of the aortic arch was restored using an extended anastomosis, 
and TAPVC correction was performed using a “sutureless technique”. The postoperative period was uneventful. The 
newborn was discharged from hospital on the 12th day.

Keywords
newborn • coarctation of aorta • TAPVD
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Introduction 

Coarctation of the aorta makes up 6–8% of all congenital 
heart defects and is defi ned as a narrowing of the aortic 
lumen, sometimes associated with important intracardiac 
lesions. Total anomalous pulmonary venous connection 
(TAPVC) is a rare pathology and occurs in about 0.4% 
to 2% of congenital heart defects. Combinations of these 
pathologies are very rare.

Clinical Summary

The 2.9 kg newborn was admitted to the hospital on the 
fi rst day of life in an extremely grave condition due to 
respiratory failure, coarctation of the aorta and supracardiac 
TAPVC with the proximal collector stenosis up to 65-70%. 
Flow velocity at the confl uence of the superior vena cava 
to the right atrium up to 3 m/s, the calculated pulmonary 
artery systolic pressure was 70 mm Hg. Volume overload 
and dilatation of the right ventricle, and the compressed left 
ventricle were seen on transthoracic echocardiography (Fig. 

1). Computed tomography performed shortly thereafter, 
clarifi ed the anatomy of the echocardiographic fi ndings 
(Fig. 2, Fig.3).
The presence of a wide patent ductus arteriosus and 
restrictive patent foramen ovale, contributed to hemodynamic 
instability. Despite that the child was on a constant 
prostaglandin E1 infusion, and cardiotonic support, his 
condition was progressively worsening: arterial hypoxemia 
developed (SaO2-60%), also with combined arterial 
hypotension with systolic blood pressure of 30 mm Hg, and 
the pCO2 increased up to 75 mm Hg. 
An emergency operation was performed on the fi rst day of 
life after the informed consent was obtained. We performed 
a median sternotomy, and moderately hypothermic 
cardiopulmonary bypass was established with ascending 
aorta and bicaval cannulations. After CPB initiating and 
cooling the patient’s body to 28°C, aorta was clamped 
and antegrade blood cardioplegia was used for cardiac 
arrest. Afterwards the aortic cannula was advanced to the 
brachiocephalic trunk and fi xed with a tourniquet, the left 
common carotid and subclavian arteries were clamped, 

© 2020 Alexander Miller. This is an open access article distributed under the Cre-
ative Commons Attribution-NonCommercial-NoDerivs license (http://creativecom-
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Conclusion

Acute heart failure, shock and acidosis often develop around 
8–10 days of life in children with complex coarctation [2]. In an 
international population-based study evaluated with 422 cases, 
TAPVC and aortic coarctation co-existence was observed only 
in six (1.4%) cases. Only several cases were reported of repair 
combination of different types of anomalous pulmonary venous 
drainage and coarctation of the aorta in newborns and children 
[3-6]. De Leval et al. reported in 1973 a case of successful 
repair of a supracardiac non-obstructive total anomalous 
pulmonary venous drainage and preductal coarctation of the 
aorta in a 12-days old newborn [7]. We have presented the 
case of successful repair of combination of obstructive TAPVC 
and coarctation of the aorta of one-day-old newborn.
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and brain perfusion was started. CPB fl ow reduced to 30% 
of initial flow of 200 ml/min/kg. Patent ductus arteriosus 
was ligated and divided. The descending aorta was 
clamped distal to the narrowing. A resection of the 
narrowed portion of the aorta was performed – extended 
anastomosis was formed with underneath of the aortic 
arch. Thereafter the aortic cannula was repositioned 
to the ascending aorta, and the clamps were removed 
from the carotid and subclavian arteries. The duration of 
selective brain perfusion was 23 min. Full flow CPB was 
continued and the patient was warmed up. Correction 
of the TAPVC was performed using the “sutureless” 
technique [1]: an anastomosis was formed between the 
left atrium appendage and the pulmonary veins collector 
with a continuous stitch. After aortic clamp was removed, 
cardiac activity was restored without any arrhythmias. 
Aortic clamping time was 49 min, CPB time (with selective 
brain perfusion) was 83 min. Modified ultrafiltration was 
used after cardiopulmonary bypass. The chest was closed 
primarily. Ultrasound episcan of the heart realized in the 
operating room showed the blood flow velocity through 
the pulmonary veins’ collector was less than 1 m/s, and 
the peak gradient did not exceed 10 mm Hg at the level 
of the proximal aortic anastomosis, right ventricular 
pressure reduced to 30 mm Hg. The postoperative period 
was uneventful, the time spent in the intensive care unit 
was three days. At the time of discharge, the condition of 
the patient after 12 days was regarded as satisfactory. 2 
months after surgery, the patient has good heart function, 
heart failure is absent, there is no re-coarctation and he 
has a good outflow through the pulmonary veins.
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Figure 1. TTE before surgery. Enlarged right ventricle (RV) compresses the left ventricle (LV). Right ventricular end diastolic size (RVEDS) 
is 11 mm, left ventricular end diastolic size (LVEDS) is 9.5 mm, indexed left ventricular diastolic volume (iLVEDV) is 5 ml/m2, left ventricular 
ejection fraction (EF LV) is 60%

Figures
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Figure 2. CT scan before surgery. Preductal coarctation of the aorta is marked by the arrow.
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Figure 3. CT scan before surgery. Totally anomalous pulmonary veins connection in to the vertical vein. Collector stenosis marked by the arrow.



CONCISE REVIEW: SARS-COV-2 
PERSISTENCE IN THE ENVIRONMENT 
AND ITS SENSITIVITY TO BIOCIDES
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Abstract
The novel coronavirus SARS-CoV-2 has caused a global health threat. This review summarizes comprehensive 
research fi ndings about the SARS-CoV-2 persistence in inanimate surfaces and opportunities for applying biocides to 
limit spread of COVID-19. SARS-CoV2 is highly stable at 4°C but sensitive to heat and extremely stable in a wide range 
of pH values at room temperature. Coronaviruses also well survive in suspension. Desiccation has a more severe 
effect. SARS-CoV-2 can survive in the air for hours and on surfaces for days. Hospitals are signifi cant epicenters for 
the human-to-human transmission of the SARS-CoV-2 for healthcare workers. The most contaminated SARS-CoV-2 
zones and objects in isolation wards, in intensive care unit specialized for novel coronavirus pneumonia, are under 
discussion. SARS-CoV2 is sensitive to standard disinfection methods. Studies revealed that 62-71% ethanol, 0.5% 
hydrogen peroxide or 0.1% sodium hypochlorite inactivated SARS-CoV2 in 1 minute exposition; while 0.05-0.2% 
benzalkonium chloride or 0.02% chlorhexidine digluconate were less effective. Both ethanol and isopropanol were 
able to reduce viral titers after 30-seconds exposure. It was found for reusing personal protective equipment vaporized 
hydrogen peroxide treatment exhibits the best combination of rapid inactivation of SARS-CoV-2 and preservation of 
N95 respirator integrity under the experimental conditions. Overall, SARS-CoV-2 can be highly stable in a favourable 
environment, but it is also susceptible to standard disinfection methods. Environmental infection control of the air and 
especially for surfaces is considered as a mandatory step in addition to limiting person-to-person contact.
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Introduction 

In the past two decades, the world has seen three coronaviruses 
epidemics that have caused a global health threat [1]. The 
novel coronavirus SARS-CoV-2 has infected more people than 
either of its two predecessors (SARS and MERS) and led to 
profound changes in many aspects of human life across the 
globe [2]. As of May 10, 2020, nearly four million COVID-19 
cases in 187 countries with over 275,000 deaths worldwide 
were confi rmed [3].
SARS-CoV-2 is an enveloped (65-125 nm), single-stranded, 
positive-sense RNA virus containing crown-like spikes on 
its envelope which is broadly distributed in humans and 
other mammals [4, 5]. SARS-CoV-2 has four main structural 
proteins including spike (S) glycoprotein, small envelope (E) 
glycoprotein, membrane (M) glycoprotein, and nucleocapsid 
(N) protein, and also several accessory proteins [6].
Exposure to SARS-CoV-2 occurs through direct and indirect 
contact with symptomatic and asymptomatic carriers who shed 
the virus. Transmission of coronaviruses from contaminated 

dry surfaces has been postulated including self-inoculation 
through the conjunctiva, nasal or oral mucosa [7, 8]. The 
importance of coronavirus persistence on inanimate surfaces 
has been also emphasized by Geller and colleagues [9].
This review summarizes comprehensive research fi ndings 
about the SARS-CoV- 2 persistence in inanimate surfaces and 
opportunities for applying biocides to limit spread of COVID-19.

Methods

PubMed and medRxiv databases have been screened 
for the terms “coronavirus” OR “COVID-19” OR “SARS-
CoV-2” AND “surfaces” OR “fomites” OR “non-contact” AND 
“decontamination” OR “survival” OR “persistence”. The search 
resulted in 56 hits on PubMed and 324 hits on medRxiv. 
Overlapping or duplicate documents were removed to create 
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[10]. Currently, no studies have investigated the effects of UV 
radiation on SARS-CoV-2. However, SARS-CoV-2 is sensitive 
to oxygen, and UV can alter the structure of spike (S) protein 
and viral genome potentially leading to its inactivation [13].

Survival in biological fl uids and aerosols
SARS-CoV survive for at least 96 hours in sputum, serum and 
feces, yet its infectivity level is lower in urine [11]. Indeed, SARS-
CoV did not survive beyond 24 hours in adult feces or beyond 3 
hours in newborns’ feces which is slightly acidic. In contrast, it 
could survive longer (up to 4 days) in diarrheic feces where pH 
can reach 9. The same study revealed a SARS-CoV survival 
until 4 to 5 days in respiratory specimens [14]. Surprisingly, 
SARS-CoV-2 has a longer half-life than infl uenza virus, SARS-
CoV, monkeypox virus, and Mycobacterium tuberculosis [15; 
personal communication with Chad Roy].

Suspension and desiccation stability
Coronaviruses also well survive in suspension. At 37°C, HCoV-
229E and OC43 displayed survival rates of 80% and 100%, 
respectively, in phosphate buffered saline over 3 days and of 
30% and 55%, respectively, over 6 days. Desiccation has a more 
severe effect on coronaviruses. HCoV-229E infectivity came 
down to 30% after 3 hours of desiccation on various surfaces, 
such as aluminum, sterile sponges, or surgical latex gloves [16].

Persistence of coronaviruses on inanimate surfaces
Kampf group reported that SARS and Middle East Respiratory 
Syndrome (MERS) coronavirus or endemic human 
coronaviruses can persist on surfaces like metal, glass or 
plastic for up to 9 days (Table 1) [17].

a benchmark dataset. This was used to determine if they 
were related to surface or fomite contamination as opposed to 
person-to-person contact spread. Ultimately, we ended up with 
36 articles that provided information about search term and 
environmental contamination with a specifi c focus on surfaces. 
Currently, literature on the topic is growing rapidly, and the 
search results were dominated by publications on the medRxiv 
preprint server and as such it should be acknowledged that 
many of these are awaiting peer review.

Results and Discussion

Survival under different conditions of humidity, tempera-
ture and UV radiation
Survival rates of the human coronaviruses (HCoV) in the 
environment signifi cantly depend on temperature, humidity, 
and pH. SARS-CoV2 is highly stable at 4°C but sensitive to 
heat. At 4°C, there was only around a 0.7 log-unit reduction of 
infectious titer on day 14, while at 22°C a 3-log unit reduction 
and complete elimination were detected after 7 and 14 days, 
respectively. At 37°C, a 3-log unit reduction was observed as 
soon as after 1 day and no virus was detected afterwards. 
When the incubation temperature was increased to 56°C and 
70°C, the time for virus inactivation was reduced to 30 minutes 
and 5 minutes, respectively [10]. At 20°C, aerosolised HCoV-
229E was found to better survive at 50% relative humidity than 
at 30% [11]. HCoV are more stable at slightly acidic pH (6-6.5) 
than at alkaline pH [12], in contrast SARS-CoV-2 is extremely 
stable in a wide range of pH values at room temperature (3- 10) 

Table 1. Persistence of coronaviruses on different types of inanimate surfaces (according to Kampf et al. [17]). 

Type of surface Virus Strain / isolate Inoculum (viral titer) Temperature Persistence Reference 

Steel HCoV 229E 103 21°C 5 d [18] 

Aluminium HCoV 229E and OC43 5 x 103 21°C 2–8 h [19] 

Metal SARS-CoV P9 105 RT 5 d [11] 

Wood SARS-CoV P9 105 RT 4 d [11] 

Paper SARS-CoV P9 105 RT 4–5 d [11] 

Glass HCoV 229E 103 21°C 5 d [18] 

Plastic HCoV 229E 107 RT 2–6 d [20] 

PVC HCoV 229E 103 21°C 5 d [18] 

Silicon rubber HCoV 229E 103 21°C 5 d [18] 

Surgical glove (latex) HCoV 229E and OC43 5 x 103 21°C ≤ 8 h [19] 

Disposable gown SARS-CoV GVU6109 106 / 105 / 104 RT 2 d / 24 h / 1 h [14] 

Ceramic HCoV 229E 103 21°C 5 d [18] 

Tefl on HCoV 229E 103 21°C 5 d [18] 

HCoV – human coronavirus; SARS – Severe Acute Respiratory Syndrome; RT – room temperature.



63

Medical University

SARS-CoV-2 was more stable on plastic and stainless 
steel than on copper and cardboard, and viable virus 
was detected up to 72 hours after being applied to these 
surfaces, although the virus titer was greatly reduced. On 
copper, no viable SARS-CoV-2 was measured after 4 hours. 
Therefore, aerosol and fomite transmission is plausible 
and SARS-CoV-2 can survive in the air for hours and on 
surfaces for days reminiscent of the SARS-CoV decay 
curve. For either virus, there was exponential decay over 
time with survival depending on the amount of inoculum 
shed [21].
SARS-CoV-2 was more stable on smooth surfaces. No 
infectious virus could be detected from treated smooth 
surfaces on day 4 (glass and banknote) or day 7 (stainless 
steel and plastic). Strikingly, a detectable level of infectious 
virus could still be present on the outer layer of a surgical 
mask on day 7 (~0.1% of the original inoculum) [10].

Viral shedding into the local environment

A study of 150 samples collected in the nurse station with 
suspected patients demonstrated positive rates of 3.57% 
(1/28) and 0.77% (1/130) in the air and on the surfaces, 
respectively [22].
The impact of viral shedding into the local environment 
(air and surfaces) was also evaluated during the isolation 
of patients with confi rmed COVID-19, with 76.5% of all 
personal items (cell phones, tablets, reading glasses, 
computers, remote TV controls, exercise equipment, 
potters, nasal canula, spirometer, and the rim and seat of 
the toilet) from quarantine rooms tested positive. Typical 
room surfaces that were positive for SARS-CoV-2 included 
the windowsill, bedside tables, bed rails, and fl oors under 
the patient’s bed [23].
Testing for SARS-CoV-2 from a variety of surfaces in cabins 
of symptomatic and asymptomatic Diamond Princess 
passengers recovered RNA for up to 17 days after the cabins 
were vacated, but before disinfection [24].
Hospitals are signifi cant epicenters for the human-to-
human transmission of the SARS-CoV-2 for healthcare 
workers. The most contaminated SARS-CoV-2 zones were 
the intensive care unit specialized for novel coronavirus 
pneumonia (NCP) (31.9%), obstetric isolation ward for 
pregnant women with NCP (28.1%), and isolation ward for 
NCP (19.6%). The most contaminated objects were self-
service printers (20.0%), desktop/keyboard (16.8%), and 
doorknob (16.0%). Both hand sanitizer dispensers (20.3%) 
and gloves (15.4%) were most contaminated. These 
fi ndings emphasize the urgent need to ensure adequate 
environmental cleaning, strengthen infection prevention 

training, and improve infection prevention precautions 
among the healthcare workers during the outbreak of 
COVID-19 [25].

Coronavirus in water environments

SARS-CoV-2 is a respiratory pathogen and its primary 
transmission mode is person-to-person contact through: 
1) droplets generated by breathing, sneezing, coughing, 
and 2) direct contact with an infected subject or indirect 
contact through the hand-mediated transfer of the virus 
from contaminated fomites to the mouth, nose, or eyes. 
Studies have documented fragments of viral RNA in feces 
or anal swabs of infected patients [26, 27]. Transmission 
of COVID-19 through the fecal-oral route, however, has 
not been demonstrated but SARS-CoV-2 was detected 
in municipal wastewaters worldwide, specifi cally, in the 
Netherlands [28], Massachusetts [29], Australia [30], France 
[31], and Italy [32].
To summarize, the evidence of SARS-CoV-2 presence 
in waters are currently scarce and there is no evidence 
that HCoV and SARS-CoV2 are present in surface or 
groundwater sources or transmitted through contaminated 
drinking water. Environmental factors, such as temperature, 
seem to affect the ability of CoV to persist in water. Further 
studies are needed to investigate CoV persistence in 
water in relation to climatic and seasonal conditions. The 
evidence-based knowledge can provide a key support for 
the risk analysis in natural water resources and integrated 
water cycle as well as for the management and control of 
water-related risks during the pandemic COVID-19 caused 
by SARS-CoV2 [33].

Sensitivity to standard disinfection methods

Virus inactivation was achieved within 1 minute using 62-
71% ethanol, 0.5% hydrogen peroxide or 0.1% sodium 
hypochlorite; while 0.05-0.2% benzalkonium chloride or 
0.02% chlorhexidine digluconate were less effective [17]. 
SARS-CoV-2 was highly susceptible to the WHO formulation 
I, based on 85% ethanol, which effi ciently inactivated the virus 
with reduction factors of ≤5.9 and concentrations between 40-
80%. WHO formulation II, which is based on 75% isopropanol, 
demonstrated a better virucidal effect at low concentrations, 
with complete viral inactivation and reduction factors of ≤5 at a 
minimal concentration of 30%. Both ethanol and isopropanol 
were able to reduce viral titers after 30-seconds exposure to 
background levels with reduction factors between ≤4.8 and 
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5.9. A concentration of 30% ethanol or isopropanol is also 
suffi cient for viral inactivation [34].
The unprecedented pandemic of COVID-19 has created 
worldwide shortages of personal protective equipment, in 
particular respiratory protection such as N95 respirators 
[35]. In general, N95 respirators are designed for single use 
prior to disposal. Four different decontamination methods 
– UV radiation (260-285 nm), 70°C dry heat, 70% ethanol 
and vaporized hydrogen peroxide – were analyzed for their 
ability to reduce contamination with SARS-CoV-2 and their 
effects on N95 respirator function. Of these, vaporized 
hydrogen peroxide treatment exhibits the best combination 
of rapid inactivation of SARS-CoV-2 and preservation of 
N95 respirator integrity under the experimental conditions. 
UV radiation inactivates SARS-CoV-2 slower, yet preserving 
respirator function. 70ºC dry heat inactivates SARS-CoV-2 
with similar speed to UV and is likely to maintain acceptable 
fi t scores for two rounds of decontamination. Ethanol 
decontamination is not recommended due to a loss of N95 
integrity, confi rming earlier fi ndings [36].

Conclusion

Overall, SARS-CoV-2 can be highly stable in a favourable 
environment, but it is also susceptible to standard disinfection 
methods. Environmental infection control of the air and 
especially for surfaces is considered as a mandatory step in 
addition to limiting person-to-person contact.
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Abstract
Pathological aggregation and accumulation of α-synuclein in neurons play a core role in Parkinson’s disease (PD) 
while its overexpression is a common PD model. Autophagy-lysosomal pathways are general intraneural mechanisms 
of protein clearance. Earlier a suppressed autophagy in the brain of young transgenic mice overexpressing the А53Т-
mutant human α-synuclein (mut(PD)) was revealed. Previous studies have recognized that Cystatin C displays protective 
activity against neurodegeneration. This cysteine protease inhibitor attracts particular attention as a potential target 
for PD treatment related to autophagy modulation. Here we evaluated the mRNA levels of Cst3 encoding Cystatin 
C in different brain structures of 5 m.o. mut(PD) mice at standard conditions and after the chronic treatment with 
a neuroprotective agent, ceftriaxone (100 mg/kg, 36 days). The infl ammatory markers, namely, microglial activation 
by IBA1 expression and mRNA levels of two chitinases genes (Chit1, Chia1), were also assessed but no signifi cant 
difference was found between control and transgenic mice. Cst3 mRNA levels were signifi cantly reduced in the striatum 
and amygdala in the transgenic PD model. Furthermore, this was associated with autophagy decline and might be 
added to early signs of synucleinopathy development. We fi rst demonstrated the modulation of mRNA levels of Cst3 
and autophagy marker Becn1 in the brain by ceftriaxone treatment. Taken together, the results support the potential of 
autophagy modulation through Cystatin C at early stages of PD-like pathology.
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Introduction 

Pathological aggregation and accumulation of α-synuclein 
appear to play a core role in the pathogenesis of Parkinson’s 
disease (PD) [1] and overexpression of α-synuclein is a common 
PD model [2]. Autophagy-lysosomal pathways, degradation 
and recycling of proteins by the ubiquitin/proteasome system 
are the main components of the cellular protein control system 
and general intraneural mechanisms of protein clearance [3] 
that are disturbed in PD [4]. A deeper understanding of the 
mechanisms that may lead to autophagy defects in PD is 

required to develop the new therapeutic interventions. Cystatin 
C (Cst3) attracts particular attention as a potential therapeutic 
target for treatment of neurodegenerative disorders.
Cst3 is a cysteine protease inhibitor that possesses a broad 
spectrum of biological roles [5, 6]. Human or mouse brain 
tissue and cerebrospinal fl uid contain the highest Cst3 
concentration compared to other organs and tissues [7, 
8]. Cst3 is implicated in neuroprotection and repair in the 
nervous system in response to diverse neurotoxic conditions 
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with the intraperitoneal (i.p.) injections of saline (0.9% NaCl 
solution, 100 μl/10 g) for 36 days (WT+Saline); 2) WT mice 
were treated with the i.p. injections of CEF (100 mg/kg/day for 
36 days) (WT+CEF); 3) mut(PD) mice were treated with the i.p. 
injections of saline for 36 days (Mut(PD)+Saline); 4) mut(PD) 
mice were treated with the i.p. injections of CEF for 36 days 
(Mut(PD)+CEF). In the present study we applied the dose of 
100 mg/kg/day and treatment course of 36 daily drug injections 
of CEF that appeared to be effective for correction of both 
behavioral and neuronal defi cits as well as for the modulation 
of the expression of genes in the brain of a genetic model of 
Alzheimer’s disease (rats of OXYS strain) [20, 21]. 
Mice were sacrifi ced by decapitation. Immediately after 
sacrifi ce, brain structures (frontal cortex, hippocampus, 
amygdala, hypothalamus, and striatum) were rapidly dissected 
on ice, put in RNAlater solution (Invitrogen, USA) with following 
storage of the samples at -20°C until the total RNA extraction. 
For immunohistochemical analysis (IHC), separate cohorts of 
transgenic or WT mice (5–6 animals each) were used. IHC 
analysis of the expression of the autophagy marker LC3-II 
protein was preceded by the administration of chloroquine 
(16 h prior to euthanasia, 30 mg/kg, i.p.) [22]. On the day of 
euthanasia, mice were anesthetized with CO2. The animals 
were perfused transcardially with phosphate-buffered saline 
(PBS) followed by 4% paraformaldehyde in PBS, then the 
brains were rapidly excised and postfi xed in PBS containing 
30% sucrose at 4 °C until further neuromorphological analysis.
All experimental procedures were performed according to the 
NIH Guide for the Care and Use of Laboratory Animals and 
approved by the Local Ethical Committee of the Institute. All 
efforts were made to minimize the number of animals used and 
their suffering.

Quantitative real-time PCR (qPCR). 
The relative amount of target mRNA was measured by 
qPCR according to previously published protocol with minor 
modifi cations [20]. Extraction of total RNA from the brain 
samples was performed using the Purelink RNA Mini Kit 
(Ambion, USA) according to the manufacturer’s instructions 
for fresh-frozen tissue. Synthesis of cDNA was performed in 
the volume of 25 μl from initial 1 μg RNA using the Reverse 
Transcription System kit (Promega, USA) according to the 
manufacturer’s instructions. Sequences of specifi c primers 
(Biosynthesis Ltd., Russia) for the reference genes (Actb, 
Gapdh, Rpl13a, Ppia) and target genes (Cst3, Becn1, Chit1, 
Chia1) were designed using the Primer 3 (NCBI) (Table 1); 
exon spanning primer sets including large introns were used 
to eliminate the detection of residual genomic DNA. qPCR 
was performed in a CFX96 Real-Time PCR Detection System 
(Bio-Rad, USA) and LightCycler 480 II (Roche, Switzerland) 
using HS-qPCR Mix SYBR Green (2x) (Biolabmix, Russia). 
All samples were analyzed in triplicate. PCR effi ciency, 

and neurodegeneration [9, 10]. Changes in the expression 
and secretion of Cst3 in the brain have been observed in the 
models of Alzheimer’s disease, amyotrophic lateral sclerosis, 
as well as in the clinical bio-samples of patients with those 
neurodegenerative disorders [11]. However, few studies 
have explored the role of Cst3 in PD. In humans, elevated 
serum Cst3 was associated with cognitive disturbances and 
progression of PD [12], while in experimental studies, Cst3 
prevented degeneration of dopaminergic neurons [13, 14]. Cst3 
was suggested to play a protective role in neuronal challenge 
by inducing autophagy [15]. Hence, here we evaluated the 
mRNA levels of Cst3 encoding Cst3 and the levels of markers 
related to autophagy induction and regulation in different brain 
structures of young adult transgenic mice with overexpression 
of А53Т-mutant α-synuclein at standard conditions and after 
the chronic treatment with a neuroprotective agent, ceftriaxone 
(CEF). The emerging evidence supports the potential effect 
of CEF to alleviate the symptoms of different experimentally 
induced neurological disorders including PD [16, 17]. Recently 
we revealed its inhibitory effect on the augmented autophagy 
level in the brain of Aβ-induced mouse model of Alzheimer’s 
disease [8], while its effects in PD models with the decreased 
basal levels of autophagy in the brain and possible involvement 
of Cst3 were not clear.
Microglial activation is generally considered as a consequence 
of neurodegeneration. However, some recent reports indicate 
that an infl ammatory reaction because of the over-activation 
of microglia is an important factor of the neurodegeneration 
progression in PD [1, 18] and suggest a set of infl ammatory 
biomarkers for PD diagnostics [19]. Here we also evaluated 
the contribution of this mechanism by the expression levels of 
infl ammatory markers in the brain.

Materials and Methods

Animals and procedures. 
Five-month-old male mice of B6.Cg-Tg(Prnp-
SNCA*A53T)23Mkle/J) (further – mut(PD)) and control WT 
strain were purchased from the SPF-vivarium of the Institute 
of Cytology and Genetics SB RAS (Novosibirsk, Russia). 
Mut(PD) hemizygous mice were produced by the insertion of 
human A53T missense mutant form of alpha-synuclein cDNA 
in the mouse genome downstream of a mouse prion Prnp 
promoter ( https://www.jax.org/strain/006823 ). All mice were 
housed in groups of 5-6 per cage (40 x 25 x 15 cm) under 
standard conditions (temperature: 18-22oC, relative humidity: 
50-60%, 14/10 h light/dark cycle (lights off at 15-00)) with food 
and sterile water ad libitum.
In the experiment with the CEF treatment, mice were subdivided 
into four groups (5–6 animals each): 1) WT mice were treated 
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slope, correlation coeffi cient (R2) were calculated using CFX 
Manager™ 3.0 Software. Fold-change values were determined 
using the ΔΔCt relative quantifi cation method. For Becn1, the 
quantitative analysis was performed according to Ruijter et al. 
(2009) [23] to calculate the starting concentration (N0) of each 
cDNA template. Levels of the target genes were normalized to 
the geometric average of the reference gene mRNA levels. 

IHC analysis. 
The IHC analysis was performed on 30-μm-thick cryosections 
according to a protocol described in detail previously [24]. 
Coronal slices along the frontal cortex (AP: 2.93 – 2.45 mm), 
striatum (AP: 0.49–0.37 mm), or hippocampus / amygdala / 
hypothalamus (AP: –2.03 to –2.15 mm) of each mouse brain 
were made. We applied a rabbit polyclonal antibody (NB100-
2220, 1:400 dilution, Novus Biologicals, USA) as a primary 
antibody to detect autophagosome marker MAP1LC3B or a 
goat polyclonal antibody (NB100-1028, 1:200 dilution, Novus 
Biologicals, USA) as the primary antibody to detect microglial 
marker AIF-1/IBA1. A fl uorescently labeled (Alexa Fluor 488–
conjugated) goat anti-rabbit IgG antibody (ab150077, 1:600 
dilution, Abcam, UK) or Alexa Fluor 488–conjugated donkey 
anti-goat IgG antibody (ab150129, 1:200 dilution, Abcam, UK) 
served as the secondary antibodies, respectively. Fluorescent 
images were fi nally obtained by means of an Axioplan 2 (Carl 
Zeiss) imaging microscope and then analyzed in Image Pro 
Plus Software 6.0 (Media Cybernetics, CA, USA). Fluorescence 
intensity (IBA1 expression) was measured as background-
corrected optical density (OD with subtraction of staining 
signals of the non-immunoreactive regions) in the images 
converted to grayscale. Fluorescence intensity of punctate LC3 
immunostaining was measured with subtraction of low diffuse 
fl uorescence of some areas (punctate staining vs. background 
staining of the non-punctate regions) in the images converted to 
gray-scale. The area of interest was 18 192 μm2 in the striatum, 
amygdala, or the 3rd layer of the frontal cortex; 103 893 μm2 
in the hypothalamus; 26 077 μm2 in the hippocampal CA1 or 
CA3 areas.

ELISA. 
Cst3 levels in serum and urine of mice were measured by 
specifi c sandwich Cystatin C Mouse ELISA kits (BioVendor, 
Czech Republic) using STAT FAX 2100 reader (Awareness 
Technology, USA) according to the manufacturer’s instructions.

Statistics. 
All results were expressed as the mean ± SEM. Statistical 
processing of data was performed using Student’s t-test and 
two-way ANOVA followed by post-hoc Fisher LSD test, or 
nonparametric Mann-Whitney U-test and Kruskal–Wallis 
ANOVA followed by multiple comparisons of mean ranks for all 
groups (in case of the lack of normal distribution of the data 

in the studied groups). The independent variables for two-way 
ANOVA were Genotype (WT or mut(PD) strain) and Treatment 
(Saline or CEF). STATISTICA 10.0 software was used to 
perform all the statistical analyses.

Results

Analysis of mRNA levels of the target genes (Becn1, Cst3, 
Chit1, and Chia1) in the brain of a transgenic mouse PD 
model. 
In transgenic mice, Becn1 expression was substantially 
decreased in the frontal cortex (Figure 1). Cst3 gene expression 
analysis in the brain of mice with transgenic PD model revealed 
a statistically signifi cant decrease in the striatum and amygdala 
vs. control WT mice (Figure 2A). Both Chit1 and Chia1 were 
expressed at low but detectable levels in the mouse brain 
areas studied (Figure 2B, C). There was no difference in the 
expression of both chitinases genes studied vs. control WT 
mice. 

IHC analysis of LC3-II and IBA1 levels in the brain of a 
transgenic mouse PD model. 
In transgenic mice, the expression of an autophagy marker 
LC3-II was signifi cantly decreased in the striatum, amygdala, 
and hypothalamus (Figure 3). The levels of LC3-II in the frontal 
cortex or hippocampus were not changed in mut(PD) mice. 
Transgenic mice had a reduced expression of microglial marker 
IBA1 in the striatum and frontal cortex but this parameter was 
markedly augmented in the hypothalamus of transgenic mice 
compared to WT (Figure 4). The groups did not vary signifi cantly 
in the levels of IBA1 in the amygdala or hippocampus. No 
morphological signs of microglia activation were observed in 
the brain structures of transgenic mice.

Effects of CEF on the mRNA levels of the target genes 
(Cst3, Becn1) in the brain of a transgenic mouse PD model. 
Abundance of mRNA species in the amygdala or frontal cortex 
is summarized in Table 2. Cst3. According to two-way ANOVA, 
there were a signifi cant infl uence of the “Genotype” factor 
(F1,15 = 32.1, p < 0.001), “Treatment” factor (F1,15 = 28.7, p 
< 0.001) and a signifi cant effect of the interaction between the 
factors (F1,15 = 13.3, p < 0.01) on the mRNA levels of Cst3 in 
the amygdala. LSD post-hoc test revealed that the parameter 
was signifi cantly higher in the mice of “WT+saline” group vs. that 
in the mice of “WT+CEF” group (p < 0.001), “Mut(PD)+saline” 
(p < 0.001) or “Mut(PD)+CEF” (p < 0.001) group and there 
was a tendency to decrease in the “Mut(PD)+CEF” group vs. 
“Mut(PD)+saline” group (p = 0.209). No signifi cant differences 
between the groups were found in the mouse hypothalamus 
(H(3, N=18) = 3.8, p > 0.05; data not shown). Becn1. According 
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to two-way ANOVA, there was a signifi cant infl uence of the 
interaction between the factors of “Genotype” and “Treatment” 
(F1,12 =10.2, p < 0.01) on the mRNA levels of Becn1 in the 
mouse frontal cortex while the effects of the “Genotype” 
factor (F1,12 < 1) or of the “Treatment” factor (F1,12 <1) were 
insignifi cant. LSD post-hoc test revealed that the parameter was 
signifi cantly higher in mice of the “WT+saline” group vs. that 
in mice of the “Mut(PD)+saline” (p < 0.05) or “WT+CEF” (p < 
0.05) group. There was a tendency to increase in the parameter 
in mice of the “Mut(PD)+CEF” vs. “Mut(PD)+saline” group (p 
= 0.055). No signifi cant differences between the groups were 
found in the rest brain structures studied (data not shown).

Cst3 levels in serum and urine. 
There were no changes in Cst3 level in serum of transgenic mice 
vs. control (388.0 ± 10.3 vs. 389.0 ± 16.2 ng/ml, respectively, p 
> 0.05). Cst3 concentration in urine was higher in the transgenic 
mice (360.0 ± 5.7 vs 140.0 ± 1.70 ng/ml in control, p < 0.01) 
indicating some kidney problems in the model.

Discussion

Neurodegeneration is tightly connected to neuroinfl ammation. 
Although microglial activation is enhanced in animal models 
of PD where lesions or toxins are used to induce death of 
neurons acutely, microglial involvement in PD remains a 
controversial issue. Particularly, many studies in humans have 
shown a lack of microglial activation in the vicinity of Lewy 
bodies [25]. Macrophage-derived chitinases (chitotriosidase 
and acid AMKase) as well as chitin-binding proteins lacking 
the enzymatic activity are regarded as markers of microglial 
activation and infl ammation in the CNS [26-29]. In vitro studies 
showed that mutant α-synuclein could activate microglia more 
powerfully than WT α-synuclein [30]. In vivo, 12-month-old 
mice expressing the human A53T variant of α-synuclein had 
an increased number of IBA1-positive microglial cells in the 
striatum [31]. However, another study revealed the signifi cant 
changes in the levels of infl ammatory markers in the striatum or 
s.nigra of 12-month-old transgenic mice overexpressing human 
mutant α-synuclein only after a provocative injection of the 
infl ammogen lipopolysaccharide at the age of seven-month-old 
[32]. Transgenic mice overexpressing the mutant α-synuclein of 
younger age (seven-month-old) also differed from the WT mice 
in the microglia activation only at additive provocative procedure, 
a chronic mild stress model [33]. Our data supports those 
fi ndings since we have not observed a signifi cant difference in 
the mRNA levels of both chitinases genes studied in the brain 
between WT and transgenic mice. Those observations were 
further confi rmed by IHC analysis with IBA1 marker. We found 
a signifi cant reduction in IBA1 fl uorescence in the striatum and 

frontal cortex of transgenic mice and a relative increase in the 
parameter in the hypothalamus of mut(PD) mice compared to 
WT mice. It should be noted that no morphological signs of 
microglia activation were observed in the brain structures of 
transgenic mice. Relative decrease and increase of microglia 
abundance in certain brain structures seem to be a specifi c 
feature of microglia distribution in transgenic mice. Thus, 
neuroinfl ammation seemingly is not an early event in the PD-
like pathology associated with the α-synuclein overexpression 
and certain provocative impacts and / or aging factor are 
necessary to trigger its progression. 
In our previous study, we have shown a suppressed autophagy 
in the dopaminergic structures of fi ve-month-old transgenic mice 
overexpressing human A53T α-synuclein compared to control 
WT mice as an early event at synucleinopathy progression [34]. 
Here we confi rmed those fi ndings on a reduced autophagy by 
LC3-II expression in the striatum of mut(PD) mice. We also 
found a decreased autophagic activity in the amygdala and 
hypothalamus but not in the hippocampus or frontal cortex 
in the transgenic mice. Interestingly, mRNA levels of Becn1 
encoding a regulatory protein of autophagy Beclin 1 were 
signifi cantly reduced in the frontal cortex but not in the striatum 
in the transgenic mouse PD model. Autophagy marker LC3-
II is a membrane-bound protein of autophagosomes and it is 
eliminated rapidly from the internal side of their membrane after 
their fusion with lysosomes. In general, its expression clearly 
refl ects autophagy activity while the levels of Beclin1 are used 
as an additional parameter of autophagy regulation [35]. The 
results suggest the disturbances in autophagy activation in the 
striatum, amygdala, and hypothalamus in the transgenic mice 
and some alterations in the autophagy regulation in the frontal 
cortex of the mice. Thus, at early stage of PD-like pathology 
alterations in autophagy are not limited to the nigrostriatal 
system.
Cst3 induces fully functional active autophagy via the mTOR 
pathway; moreover, neuroprotective effects of Cst3 were 
prevented by autophagy inhibition with Becn1 siRNA or 
3-methyladenine [15]. Another regulatory pathway implies 
Cst3 direct inhibitory effect on neutral cysteine proteinases 
calpains that are involved in autophagy inhibition by means 
of mTOR-independent channels and apoptosis [36, 37]. 
In a recent study, neuroprotective effects of the elevated 
Cst3 expression at stroke were associated with autophagy 
induction in the affected brain regions. Moreover, exogenous 
Cst3 reduced the neurological defi cits and infarct volume 
after brain ischemic injury, while 3-methyladenine partially 
reversed this neuroprotection [38]. Upregulation of Cst3 
expression can represent a neuroprotective mechanism 
and may have therapeutic implications for treatment of 
neurodegenerative disorders [13, 39]. Indeed, the injections 
of Cst3 into s. nigra of transgenic mice expressing the human 
A53T variant of α-synuclein had neuroprotective effects 
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by upregulating VEGF and autophagy and downregulating 
α-synuclein and apoptosis [14]. Noteworthy, neuroprotection 
was associated with an increase in brain levels of both Cst3 
and Cst3 mRNA [40].
Our fi ndings on the decreased expression of Cst3 mRNA 
in the striatum and amygdala and concurrent autophagy 
reduction in these brain regions of the transgenic mouse PD 
model are in a good agreement with the previous fi ndings 
and support the notion about an important regulatory and 
neuroprotective role of Cst3 at neurodegeneration. We also 
examined the peripheral levels of Cst3 in the serum and 
urine of WT and transgenic mice. However, we did not fi nd 
changes in the peripheral indices that would correspond to 
the decreased brain levels of Cst3 expression. There were 
no signifi cant differences in the serum Cst3 levels between 
the mice of WT and transgenic PD model while the urine 
levels in transgenic mice were even higher than that in WT 
mice. Clinical data indicated higher serum levels of Cst3 
in PD patients compared to that in the healthy persons 
[41, 42] and a gradual increase in the parameter with the 
disease progression [41]. Hence, although serum Cst3 
level might be regarded as a peripheral biomarker of PD 
progression, its relation to the brain Cst3 levels does not 
seem unambiguous, at least, for the early stages of the 
disease. 
We also studied the potential effects of a multipotent 
antibiotic drug CEF, which has neuroprotective activity, on 
the modulation of mRNA levels of Cst3 and Becn1 genes. 
CEF revised cognitive and neuronal defi cits in the animal 
models of PD and Alzheimer’s disease [21, 43, 44]. Earlier 
we found the inhibitory effect of CEF treatment on the 
augmented autophagy level in the brain of a pharmacological 
Aβ-induced model of Alzheimer’s disease in mice [8]. 
However, its effects in PD models with the decreased basal 
levels of autophagy in the brain were not clear. In WT mice, 
the effects of CEF treatment were similar to those observed 
in the model of Alzheimer’s disease [8] or traumatic brain 
injury [45]: there was a signifi cant decrease in autophagy 
marker (Becn1 mRNA cortical level) in mice chronically 
treated with CEF. In the transgenic mice treated with CEF, 
Becn1 mRNA levels augmented up to the level of control 
WT mice. CEF reduced signifi cantly Cst3 mRNA levels in 
WT mice but did not produce further signifi cant attenuation 
of this index in transgenic mice. It points to different 
mechanisms of CEF action in WT and transgenic mice. 
Cst3 gene expression was found to be strongly positively 
regulated by TGF-β via AP-1 transcription factor [46]. On 
the other hand, TGF-β was markedly down-expressed 
following treatment with CEF in rat renal tissues [47]. Hence, 
the involvement of TGF-β and AP-1 in the modulation of 
Cst3 expression by CEF in the brain of WT mice might 
be suggested. In the transgenic mice, the contribution of 

Cst3 in the regulation of autophagy at CEF treatment does 
not seem signifi cant due to the reduced initial levels of 
autophagy and Cst3 expression. Monomeric and fi brillated 
α-synuclein stimulates glutamate release [48], while 
glutamate-dependent promotion of mTOR phosphorylation 
leading to autophagy reduction was revealed in glial cells 
[49]. The up-regulation of glutamate transporter EAAT2 in 
glial cells is responsible for CEF-mediated neuroprotection 
via its ability to reduce extracellular glutamate levels and 
subsequent excitotoxicity [17]. Thus, one may suggest 
that the infl uence of CEF on autophagy in the transgenic 
mice overexpressing human A53T α-synuclein is mediated 
mainly via the glutamatergic regulation.

Conclusion

Apparently, a signifi cant decrease in mRNA levels of Cst3 in the 
brain revealed here and associated with the autophagy decline 
might be added to the early signs of synucleinopathy formation. 
Noteworthy, the alterations in autophagy were not limited to the 
nigrostriatal system of the transgenic mice but occurred in the 
amygdala, hypothalamus, and frontal cortex as well. The study 
fi rst demonstrated the modulation of Cst3 mRNA levels in the 
brain by CEF treatment. The effect was observed in WT mice 
but not in a transgenic mouse PD model. We did not reveal 
signifi cant changes in the markers associated with infl ammation 
in the brain of young transgenic mice overexpressing human 
A53T α-synuclein. The results point to the potential of autophagy 
modulation at early stages of PD-like pathology and suggest 
Cst3 as a promising therapeutic tool.
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Table 1. Reference and target genes PCR primer sequences (5’ - 3’), amplicon size.

Symbol Sequence (5’ - 3’) Amplicon size (bp)

Forward Primer Reverse Primer

Reference genes

Gapdh GCTCCTCCCTGTTCCAGAGAC CCAATACGGCCAAATCCGTTCA 103

Actb TTCTACAATGAGCTGCGTGTG GGGGTGTTGAAGGTCTCAAA 102

Rpl13a CATGAGGTCGGGTGGAAGTA TTCCGTAACCTCAAGATCTGC 110

Ppia AAAGTTCCAAAGACAGCAGAAAA GCCAGGACCTGTATGCTTTAG 207

Target genes

Cst3 AGGAGGCAGATGCCAATGAG GGGCTGGTCATGGAAAGGA 227

Chit1 CGGCAGGAACTAAATCTTCCAT TGGGCGTGGCTCAGGTAT 70

Chia1 TTTTGGCAGTGCATCAATGG GCAGCAATTACAGCTGGTATCAA 80

Becn1 GAACTCACAGCTCCATTACTTA ATCTTCGAGAGACACCATCC 121

Table 2. Relative mRNA levеls of Cst3 and Becn1 in the brain structures. Data are presented as the Mean±S.E.M. of the values obtained in 
an independent group of animals (n=5-6 per group). Statistically signifi cant differences: *p < 0.05, ***p < 0.001 vs. “WT+Saline” group.

Gene, 
brain structure

Group

WT+Saline WT+CEF Mut (PD)+Saline Mut (PD)+CEF

Cst3, 
amygdala

1.058 ± 0.1791 0.271 ± 0.0866*** 0.244 ± 0.0342*** 0.095 ± 0.0308***

Becn1, 
frontal cortex

8.65 ± 3.333 0.69 ± 0.346* 0.75 ± 0.140* 6.99 ± 2.185

Tables
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Figure 1. Effect of the overexpression of А53Т-mutant α-synuclein on mRNA levels of Becn1 in the frontal cortex, hippocampus, and stria-
tum in 5 m.o. mice. The data are expressed as the means ± SEMs of the values obtained in an independent group of animals (n=5-6 per 
group). Statistically signifi cant differences: * p<0.05 vs. WT mice.

Figures
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Figure 2. Effect of the overexpression of А53Т-mutant α-synuclein on mRNA levels of Cst3 (A), Chit1 (B), and Chia1 (C) in the striatum, 
amygdala, hippocampus, and hypothalamus in 5 m.o. mice. The data are expressed as the means ± SEMs of the values obtained in an 
independent group of animals (n=5-6 per group). Statistically signifi cant differences: * p<0.05, ** p<0.01 vs. WT mice.
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Figure 3. Effect of the overexpression of А53Т-mutant α-synuclein on autophagy activity measured by quantifi ed immunoreactivity of LC3-II 
in the striatum, amygdala, hippocampal CA1 and CA3 areas, hypothalamus, and frontal cortex in 5 m.o. mice. A: Quantitative results. The 
data are expressed as the Mean±S.E.M. of the values obtained in an independent group of animals (n=3-6 per group). Statistically signifi -
cant differences: * p<0.05, ** p<0.01 vs. WT mice. B: LC3-II immunoreactivity in the striatum, amygdala, and hypothalamus. Magnifi cation, 
200×; bar, 50 μm. 
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Figure 4. Effect of the overexpression of А53Т-mutant α-synuclein on the expression of microglial marker IBA1 in the striatum, amygdala, 
hippocampal CA1 and CA3 areas, hypothalamus, and frontal cortex in 5 m.o. mice. A: Quantitative results. The data are expressed as the 
Mean±S.E.M. of the values obtained in an independent group of animals (n=3-6 per group). Statistically signifi cant differences: * p<0.05, *** 
p<0.001 vs. WT mice. B: IBA1 immunoreactivity in the striatum, frontal cortex, and hypothalamus. Magnifi cation, 200×; bar, 50 μm.
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Abstract
Background. Confl icts across professional workgroup and hierarchies inundate the clinical workplace. Early Career 
Doctors (ECDs) are also affected either as victims or as a provocateur/perpetrator. The effects of confl ict at their 
workplaces have both signifi cant positive and negative dimensions and impacts on ECDs. Little has been reported 
about confl ict among ECDs in Nigeria.
Thus, this study explored the issue of confl ict and confl ict resolution among ECDs in Nigeria, in a bid to elicit information 
on the causes, consequences, perpetrators and victims.
Method. This was a qualitative study, using Focus Group Discussions (FGD) to explore information on confl ict and 
confl ict management among purposively selected key respondents (n = 14) from seven tertiary hospitals in Nigeria. 
The respondents are ECDs who were leaders and representatives of other ECDs in their various hospitals. Two FGDs 
were conducted.
Results. The result showed that confl ict is inescapable in clinical settings and occurred at different levels. The 
perpetrators are varieties of health workers, and most are task-related confl icts, although there are relational ones. The 
confl icts with the government on labour-related issues are also frequent. The lack of job description and specifi cation 
and power struggle among others were highlighted as the drivers of confl icts between ECDs and other health-workers.
Conclusion. The fi ndings of the study were discussed, and suggestions were made to reduce its effect, which would 
require structural solutions to mitigate at different levels and the diverse players in the health sectors.
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Introduction 

The concept of confl ict has different defi nitions by different 
scholars depending on disciplines [1, 2]. One of such 
defi ned confl ict as a process in which various factors, likely 
but not necessarily including, confl icting interests, adverse 
effects, such as anger and dislike, negative cognition such 
as stereotypes, real or imagined wrongs, and actual or 
anticipated thwarting, result in an individual or group taking 
actions that are incompatible with the interest of other 
individuals or groups [3]. Confl ict is a complex phenomenon, 
which exists in all aspects of human interactions; hence, 
health organizations and institutions are inclusive [1, 2, 
4]. This phenomenon occurs amongst doctors, across 

hierarchies, the intra-professional and interprofessional 
group within hospitals [2]. The Nigerian health sector is 
plagued by problems that lead to confl icts among human 
resources for health/health workforce, with their employers 
or government [1]. 
The consequences of confl icts may be positive or negative in 
the outcome [1]. Consequences are negative when confl icts 
are not adequately managed and are allowed to degenerate 
to a dysfunctional status which is evident from reduced 
turnover among employees, reduced productivity, mental 
health problems, and outright violence [1]. While potential 
positive consequences are social change, decision-making, 
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zones (8 from South-west and six from South-south) in Nigeria 
due to accessibility and availability of participants. However, 
the study population has a more in-depth knowledge of the 
subject matter as they are mostly involved in confl ict resolution 
being mainly leaders of their centres.

Data collection
A semi-structured FGD guide was designed to address specifi c 
aspects of confl ict and confl ict resolution issues experienced 
by respondents. FGD was used to elicit responses from 
participants. The guide was carefully designed and tested 
to ensure that the questions are simple, clear and short. 
These actions were to avoid the situation; the participants 
end up discussing the questions itself, rather than what the 
questions being elicited [9]. Also, questions were constructed 
in an open-ended format, ensuring that probe, follow up and 
exit questions are embedded, which helped elicit correct 
responses without leaving any stone unturned.
Two sessions were conducted until data saturation was 
achieved, and each session lasted between 60-90 minutes. A 
trained moderator guided each session while trained research 
assistants managed note takings and recordings and other 
roles. The participants were informed before the sessions. 
All participants gave oral and written consent to participate in 
the study. Discussions were digitally recorded with participant 
consent to ensure that the details of the conversations are 
adequately captured. Previous qualitative reports on other 
themes have been published from the qualitative aspect of 
this project [10, 11].

Sample Description 
The distribution of the respondents based on professional 
cadre, gender, geo-political zones and training institutions are 
shown in Table 1. All participants were ECDs who are medical 
practitioners with a degree in medicine or dentistry and are 
undergoing internship, residency training or are medical 
offi cers and equivalent below the rank of a Principal Medical/ 
Dental Offi cer (PMO/PDO) [5, 8].

Analysis 
Audio-recordings were correctly transcribed verbatim 
by research assistants. Transcripts were analysed and 
thematically coded according to the research themes that 
emerged from the discussion. Coding was done using the 
NVivo 12 program. Open coding was also used to identify 
specifi c themes that emerged from the discussions. Themes 
and subthemes were generated and supported with illustrative 
quotations from the discussion. 

Ethical considerations
Ethical approval was obtained from the National Ethics Review 
Committee, Federal Ministry of Health before fi eldwork 

reconciliation, group unity, group cooperation, the inspiration 
of creativity, shared and respect of opinions, and improved 
future communication, among others.
The occurrence of confl ict among healthcare workers hinders 
the quality of services rendered [1]. Therefore, confl ict 
resolution is essential to avoid the breakdown of teams, 
especially management teams in healthcare and promote 
peace and harmony among its workers. 
There is a paucity of data as regards to confl ict among ECDs 
in Nigeria. Thus, the study explored the issue of confl ict and 
confl ict resolution among ECDs in Nigeria, in a bid to elicit 
information on the causes, consequences, perpetrators and 
victims. Analysis of these problems will improve workplace 
issues and give the insight to help reduce the poor indices 
and outcomes of healthcare catastrophes affecting low-and 
medium-income countries such as Nigeria.
This article reports the results of the qualitative exploration 
among ECDs on the confl ict at the clinical workplace. The 
study is part of the Challenges of residency training and 
early career doctors in Nigeria (CHARTING) study, which is 
a mixed study design to explore themes among Early Career 
Doctors (ECDs) in Nigeria [5-7]. One of the signifi cant themes 
includes workplace issues. 

Methods

Study area
The study was conducted during two offi cial gatherings of 
the Nigerian Association of Resident Doctors (NARD), where 
leaders/delegates of each branch converge for the meeting. 
The fi rst was during the South West regional caucus meeting 
held at LAUTECH Teaching Hospital, Ogbomosho while the 
second was an ordinary general meeting of NARD held at 
Yenagoa, Bayelsa State. Statutorily the National Executive 
Committee(NEC), National Executive Council and Expanded 
National Executive Council attend these meetings although 
other delegates who are members but non-NEC members 
may attend [8].

Study design
The study used Focus Group Discussion (FGD), which 
is a qualitative method to unravel the confl ict and confl ict 
resolution experienced among early-career doctors in the 
Nigerian health sector. Purposive sampling was used to 
recruit participants for the FGD. 

Study population
Two FGD sessions were conducted among fourteen consenting 
respondents from seven residency-training institutions in 
Nigeria. The sample size was limited to only two geo-political 
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commenced (NHREC Approval Number NHREC/01/01/2007- 
26/06/2019). Written and verbal consent was received 
from the participants before conducting the sessions and 
before audio-recording. All information obtained from each 
participant, including personal details, was treated with the 
utmost confi dentiality.

Results

The result of our analysis showed that confl ict is a common 
occurrence in clinical settings, and, it is inevitable. Four 
themes were identifi ed, which represents perpetrators, 
causes, consequences of confl ict and confl ict resolution 
strategies. These themes were presented with supportive 
quotes to buttress respondents’ views further.  

Perpetrators of confl ict 
The study participants identifi ed the perpetrators of confl ict as 
all health workers within the hospital:

“Starting from the ward, nurses you are defi nitely going to 
have confl ict with them” “You are going to have problems 
with the cleaner” “You are going to be having problems 
with the lab technicians” “You are going to have problem 
with the hospital administrator” “So in summary working 
in a teaching hospital as a resident doctor you are going 
to have confl ict with everyone” (R6 SW).
“Some pharmacist that disregards doctor’s prescription 
of some drugs” (R2 SW).
“Rift between we and other personnel in the workplace 
span across the nurses up to the cleaners” (R6 SS).
“There is also confl ict between patients” (R4 SS).
“Also, there is this communication gap between health 
care workers and patients” (R3 SS).

Causes of confl ict
As refl ected in the below verbatim expressions, drivers of 
confl ict within the hospitals vary from lack of job description 
and specifi cation to power struggle to lack of respect to 
poverty to mention a few: 

“Well, in a system where nothing works, and you are a 
doctor in that system you are going to have a confl ict 
with everybody (defi nitely)” (R6 SW).
“Like us in surgery, you see us sometimes roll the patient 
into the suite because the patient needs emergency 
craniotomy, and the health attendant cannot be found and 
all that. So you keep on doing somebody else’s job, and 
that is what causes confl ict so you can have a backlash 
between a doctor, health attendant and all that” “So I think 
that is just the bane of our problem in the health sector. 
No job description and no job specifi cation” (R4 SW).

“A lot of people don’t know what they are supposed to 
do, when they are supposed to do it and how they are 
supposed to do it” (R4 SS).
“At every available opportunity, they want to rub 
shoulders with the doctor, want to have whatever the 
doctor gets in the system. As you all know there is a 
hierarchy duties assigned that doctor is the head of the 
medical team, but the strategic roles the doctors play 
is not really appreciated by other workers in the health 
system, and this has really caused interpersonal confl ict 
and has really affected service delivery” (R6 SS).
“If I don’t give respect to my colleague no other person 
will give respect to my colleague” “There is no respect 
fi rst amongst ourselves (it’s been lost), and we have to 
fi nd a way to go back because if we don’t have respect 
for ourselves nobody will have respect for you” “For 
instance, where a junior doctor is slapped because a 
nurse said something (you understand) because you are 
having issues with a nurse or a cleaner and you are not 
corrected away from the presence of other personnel’s, 
but you are brought down in front of them” (R4 SS).
“Poverty is the one major issue in this our environment. 
A patient comes in poor, comes in bad and you cannot 
do anything for the patient because the patient came 
in without nothing and you cannot access anything you 
now become the culprit, you become the evil person 
and then that is where another issue comes in like 
doctor battering, or doctors abuse comes to play, so that 
is another factor for confl ict in our hospitals”(R4 SS).

Consequences/effect of confl ict
Generated transcripts revealed that in most cases, patients 
are the victims of confl ict.

“The consequence is that most of the time the patient 
suffers because when you do people’s job, you will get 
to the point that you cannot continue” “It is the patient 
that bears the brunt of the confl ict” (R3 SW).
“Generally, the patient will bear the brunt but generally 
most times it extends to the populace when you have 
confl ict, rivalry, strike action, lockdown you know the 
whole country and populace bear the whole brunt” 
(R5 SW).
“There is an African proverb that says when two elephant 
fi ghts the grass suffers” “You can imagine when you tell 
a nurse that sister give that patient IM injection and she 
is like why can’t you do it? Don’t you have hands? And 
at the end of the day, the patient ends up not getting 
the injection, and you might end up losing that patient” 
(R1 SS).
“When the health workers are fi ghting the care, we give 
to the patient is very poor” “There is decay in the health 
system because of this confl ict” (R1 SS).
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Assessment of confl ict resolution (interventions/strategies)
Factors that can be used to resolve confl ict are attractive 
remuneration, professional laws, mutual respect to mention a 
few. As opined by some of the participants:

“There should be reward system in place” (R7 SW).
“Government is responsible, and they do what is 
expected of them; they pay salaries as at when due, you 
increase salary as at when due then people will not go 
on strike and if there is need to have confl ict there are 
options that people will consider before any association 
go on strike” (R3 SW).
“Then also the rights of doctors or health care worker 
should also be respected because confl ict does not only 
come from the workers. It also comes from management 
and workers, so this staff-management relationship has 
to be good too because in this setting we always see 
management like ok they are the ones that are at the 
helm of affairs so whatever they do is right. For instance, 
in our society also there is this issue of no work no pay, 
but there is no pay no work” “Then provision of facilities 
if facilities are provided, and the environment is made in 
a good manner I believe that workers or staffs we have 
the necessary equipment’s to work, and there would be 
no confl ict of any sort” (R3 SS).
“I think we should have laws backing each and every 
profession; we should have laws backing them that if 
you come to my fi eld, you will pay a penalty, if I go to 
your fi eld or if I do what you are supposed to do there’s 
a penalty it will help us know our boundaries” (R1 SS).
“And I think also the pay sometimes as doctor we should 
not just look at…when we go for pay increment, we 
should just think of ourselves, but we should think of 
carrying the ally health workers along because if our pay 
is very good and their pay is poor the zeal to work will 
not be there on their part, and we can’t do everything 
so we should also carry them along when we are going 
for pay increment or negotiating our salaries scale we 
should also think of them because we can’t do all the 
works ourselves” (R5 SS).
“People should know their job and stay in their area of 
calling. Doctor should not do porter’s job carrying blood. 
Pharmacist should not treat patients. You know your 
calling so stay in your area of calling” (R5 SW).
“Mutual respect is also very important, what makes 
you think you are the most important person. I think 
we should all respect one another no matter the 
category of the worker that you are working because 
all of us at the end of the day are humans. Some of 
these persons that we feel we are better than they 
also have people they control and so we should be 
able to understand that and appreciate these facts 
and give each other respect” (R3 SS). 

Discussion

The themes that emerged from the study indicated that 
confl ict occurs commonly between ECDs and other health 
care professionals. The confl ict appears to be unavoidable 
due to regular human interactions that take place in the 
clinical workplace, just like any other workplace [3, 12]. A 
quantitative study conducted amongst doctors and nurses 
in two public hospitals in Ido-Ekiti, Nigeria revealed that 
healthcare workers agree to the existence of confl ict at 
the workplace [1, 13]. Such confl icts involve many of the 
categories of the health workforce and not limited to doctors, 
especially ECDs, and this is similar to the fi nding of other 
studies on the confl ict between doctors and other health 
workers [14, 15]. Confl ict can occur between residents, 
with their consultants or hospital management, and other 
healthcare workers within hospitals and even patients [16, 
17].
While there are mixed results regarding the usual provocateur 
of confl icts in hospital settings, the respondents agreed on 
the increased likelihood of confl ict with all categories of the 
health workforce [16]. However, the study did not explore 
the reasons for this diversity in such confl ict against the 
ECDs or doctors. The clinical workplace where doctors and 
other health workers work is however frosted, with stressful 
conditions, which most likely predispose them to confl ict [1, 
13]. These stressful conditions are further worsen in Nigeria 
due to infrastructural defi ciencies and inadequacies and 
organizational failure, which the respondents pointed out. 
These defi ciencies and inadequacies imposed stress may 
explain to a large extent the precipitation in such setting rather 
than mere power play which may exist between a doctor or 
other health workers or even between a doctor and patients 
[18]. Furthermore, many of the confl icts with other health 
workers are task-related as opined by respondents; some 
can be inferred to be relational related. The later serves as a 
potential source of unfavourable outcome and dysfunction in 
the health system while the former may be a great source of 
improved effi ciency to the system [19, 20].
The respondents also highlighted the recurrent role of the 
Government as a provocateur of confl icts in the public 
health system in the way she handles labour issues, 
especially as it relates to wages and welfares of doctors 
in the Nigerian healthcare system [14]. This highlight is not 
unusual, considering the respondents are representative 
of their various unions. While many studies have 
elucidated why doctors as a group may readily confront the 
Government when the doctor group interest is threatened 
is inherent in being a powerful and privileged group (18).  
This capacity may further be buttressed by the fact that 
they have historically succeeded in pursuing their interests 
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as a professional group [21]. Most of the benefi ts that have 
accrued to the group from Government such as salary 
review and other welfare issues in Nigeria have been as a 
result of the very virulent strikes and other labour forms of 
labour agitations [3].
Generally, the precipitation of confl ict appears to be human 
resources management variable of staff relationship unlike 
another study which has pointed out another staff-related 
factor; staff shortage which may arise from inadequate 
supply and attrition/migration [16, 22]. While that study was 
questionnaire-based, this study design is qualitative and by 
nature allows hidden themes to be explored. Although, our 
respondents are from tertiary centres which are relatively better 
staffed than other levels of care in Nigeria notwithstanding 
the general doctor-patient ratio in Nigeria and may not be 
bothered with a staff-patient ratio in respect to the confl ict in 
the workplace [23].
Confl ict in health workplace poses a negative effect on the 
health system and the quality of services, particularly the 
patients whether in confl icts between the health worker and 
the doctor or cases of an industrial dispute with the ECDs. 
All these undermine the effective functioning of the clinical 
workplace and the output of the workers [13].
Furthermore, the respondents highlighted the signifi cant 
causes of confl ict in clinical settings as lack of job description 
and specifi cation, power struggle, lack of respect, poverty to 
mention a few, which supports previous studies fi ndings [1]. 
These views are slightly different from another quantitative 
study, which showed that healthcare workers agree to 
differing aetiologic factors of confl icts.  The causes among 
them were hegemony, poor interpersonal communication, 
inadequate opportunities for staff interaction, sexual 
harassment, stress, personality differences, dysfunctional 
teams, favouritism, warring egos, heavy workloads, and 
poor job descriptions.
It is vital to maintain a healthy work environment through 
proper confl ict resolution [1, 13]. Confl ict resolution is essential 
to avoid breakdown of the teams, especially management 
teams in healthcare and promote peace and harmony among 
workers. It is crucial to maintain a healthy work environment 
through proper confl ict resolution [1, 13].

It is imperative for the managers in the Nigerian Health 
system while realizing that confl icts are unavoidable since 
there is regular human interaction in the clinical workplace; 
to institute institutional confl ict resolution mechanism. 
Furthermore, suffi cient confl ict resolution may help to 
prevent the attrition of the insuffi cient health workforce in 
Nigeria [23, 24].
Strategies that can be used to minimize confl ict are attractive 
remuneration, professional laws, mutual respect, among 
others. Majority of these solutions focus on what can only be 
resolved at the managerial level.
It is, therefore, necessary for hospital administrators and 
the Government; who are the major employers of doctors 
in Nigeria to consider confl ict management by strategically 
imbibing a proactive mindset in addressing confl ict and its 
impact in the Nigeria health sector [25].
There is a need to conduct In-depth Interviews (IDI) on how 
healthcare professionals cope with confl icts within their 
collaboration as most physicians choose between ignoring 
the confl ict and/or engaging in it [6]. Moreover, this will help 
design effective confl ict management strategies.
The study is limited because all respondents are from training 
centres in only two geo-political zones of Nigeria. However, 
the results of this study would make a valuable contribution to 
the knowledge of confl ict and ECDs in Nigeria.
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Table 1. Participants’ socio-demographic characteristics (N=14)

Variables № %

A Status

House offi cer 1 7.1

Senior Medical Offi cer 1 7.1

Registrar 4 28.6

Senior Registrar 8 57.2

B Sex

Male 12 85.7

Female 2 14.3

C Zones

South-west 8 57.1

South-south 6 42.9

D Centre

University College Hospital(UCH), Ibadan 2 14.3

ObafemiAwolowo University Teaching Hospital Complex (OAUTHC)Ile-Ife 2 14.3

Lagos University Teaching Hospital(LUTH)Lagos 2 14.3

LAUTECH Teaching Hospital(LTH), Ogbomoso 2 14.3

River State University Teaching Hospital (RSUTH), Port-Harcourt 2 14.3

Federal Medical Centre (FMC), Yenegoa 3 21.4

Niger Delta University Teaching Hospital(NDUTH), Okolobiri 1 7.1

Tables
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Abstract
The connection between venous thrombotic events in patients with implanted pacemakers and changes in coagulation 
factors has been the basis of numerous scientifi c studies for years. Results show that the effect on the coagulation 
system is a long-term and dynamic process, as well as presence of a signifi cant dependence with many concomitant 
cardiovascular diseases.
Advances in medicine in recent decades and increase in life expectancy of patients with implanted cardiac devices 
(ICD) increase the risk of a variety of complications. These adverse events may be associated with development of 
thrombosis, change in the stimulation threshold, need for ablation due to concomitant rhythm pathology and others.
Analysis of data from literature shows unequivocally that placement of endocardial electrodes leads to activation of 
the coagulation system in the body. On the one hand, this is a result of the direct traumatic moment and endothelial 
damage in the early post-procedure period, and subsequently, the presence of electrodes of the foreign body type in 
some individuals can provoke a procoagulation state.
More in-depth research is needed in this area to clarify the answers to these questions, namely: in which phase of the 
coagulation cascade are the changes most signifi cant; is there a way to anticipate these changes and prevent them 
accordingly; is disturbed homeostasis of coagulation temporary or persistent.
These questions will be answered after suffi cient data have been accumulated on these changes and how to modulate 
them.
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Introduction 

Blood clotting is the basis of the protection of organisms from 
fatal blood loss, but can also lead to thrombotic occlusion of a 
blood vessel, which in turn leads to development of pulmonary 
embolism, myocardial infarction, stroke and others.
There are currently a number of anticoagulants (heparin, 
vitamin K antagonists, direct thrombin inhibitors or anti-Xa 
agents) that are used to prevent and treat thromboembolic 
events. On the other hand, the widespread use of 
anticoagulants leads to a drastic increase in haemorrhagic 
accidents, some of which are fatal.
Fibrin formation is the basis of thrombosis, and this process 
can be initiated in two ways: participation of tissue factor (TF) 
or activation of factor XII. The so-called “intrinsic pathway” of 
coagulation is triggered by contact of factor XII with a surface, 
foreign to the bloodstream, which leads to formation of active 
serine protease FXIIa. This in turn causes activation of FXI, 

kallikrein-kinin system, as well as a subsequent cascade 
of proteolytic processes, and as a fi nal result to thrombus 
formation [1].
In recent years, a lot of data has been accumulated from 
studies that prove the link between implantable ICD 
and development of chronic thromboembolic pulmonary 
hypertension (CTEPH). These results have led the scientifi c 
community to conduct in-depth studies of the haemostatic 
changes that occur in this group of patients.
The association between venous thrombotic events in 
patients with implanted pacemakers and changes in 
coagulation factors, infl ammatory response markers, and 
some echocardiographic parameters was studied by the 
team of Lelakowski J. Cracow [2]. They monitored 81 patients 
with implanted pacemakers (30 women, 51 men, mean age: 
71.1±7.4 yr.) and divided them into two groups: group A - no 
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thrombosis, both before implantation and during follow-up 
period. A disadvantage of the study is the small group of 
monitored patients, as well as lack of a control group without 
an ICD.
The effect of PPM on vascular endothelium, coagulation 
cascade, and cardiac pump function was the basis of a study 
published by Zhang et al. in 2018 [6]. They examined 53 
healthy controls, 59 patients with ICD and 58 patients with 
bradycardia without ICD. Blood samples were taken before 
implantation and on day 7 after implantation, both in patients 
without ICD and controls.
Following indicators were studied: prothrombin time (PT), 
factor VIII, von Willebrand factor (vWF), fi brinogen (FIB), 
D-dimer (DD), thrombodulin (TM), tissue factor (TF), 
antithrombin activity (AT:A), plasminogen activity (PLG:A), 
and left ventricular systolic function assessed by ECG. 
The coagulation system is in direct contact with vascular 
endothelial cells, which secrete a number of biologically active 
molecules after suffering endogenous or exogenous damage 
[7]. Thrombomodulin is a protein secreted by endothelial cells, 
which increases in endothelial damage, leading to activation 
of von Willebrand factor (vWF) secretion as well as increased 
plasma factor (TF) levels. Therefore, these markers were 
used to assess endothelial cell damage.
Plasma antithrombin activity indicates how much thrombin is 
produced in the body, and elevated vWF levels lead to activation 
of FVIII secretion. An increase in these parameters indicates 
that the coagulation system is activated. Plasminogen is a 
single-chain glycoprotein that is transformed to plasmin upon 
endothelial damage. Plasmin lyses the formed fi brin, which 
leads to increased D-dimer plasma levels, which in turn is a 
trigger to activate coagulation [8]. Thus, fi brinolytic activity was 
assessed in the studied patients. Results of this study showed 
signifi cantly higher values of FVIII: C, vWF, D-D, TM, TF and 
LKTDO in the bradycardia group compared to the control 
group. There was also a signifi cant increase in FVIII values: 
C, vWF, D-D, TM, TF and LVTDV in patients after pacemaker 
implantation compared to those studied before implantation. 
These results confi rm the effect of implantable cardiac devices 
on patients’ coagulation system. Disturbance in homeostasis of 
coagulation and fi brinolysis, possibly mediated by endothelial 
damage, was also been reported in patients with bradycardia 
who had no ICD. This in turn demonstrates the benefi t of 
improving hemodynamic parameters after normalization of 
heart rate through cardiostumulation and the overall positive 
effect on quality of life and long-term prognosis in patients 
with bradycardia.
Changes in the coagulation system as well as fi brinolytic 
activity in patients with placed endocardial electrodes were 
studied by T. Yaegashi et al. [9]. They looked for difference 
in the response of the coagulation system after implantation 
of high-voltage and low-voltage electrodes in the early post-

established venous thrombosis (28 women, 43 man; mean 
age: 71.2±7.6 yr.), and group B - with established thrombosis 
(2 women, 8 man; mean age: 72.6 ± 7.2 g). Patients were 
monitored for 18 months. 32 patients from group A and 3 
patients from group B were excluded during follow-up due to 
initiation of anticoagulant therapy. At 12 months, 39 patients in 
group A and 7 patients in group B were available. All patients 
underwent echocardiography, examining the left ventricular 
ejection fraction (LVEF) with the Simpson’s method, early 
rate of propagation of diastolic mitral blood fl ow (Vp), end-
distal LV size from parasternal access along M-mode long 
axis (LVEDD). Assessment of the venous system of the upper 
extremities was performed with pulse Doppler. Ultrasound 
assessment of the heart and venous system was performed 
before pacemaker implantation, both at 6 and 12 months 
thereafter. Blood samples were taken before implantation 
and 7 days later. D-dimer, fi brinogen, plasminogen activator 
inhibitor (PAI-1), tissue factor (TF), factor VII, C reactive 
protein (hsCRP) and interleukin 6 (IL-6) were tested after 6 
and 12 months. 
Analysis of echocardiography results showed that patients in 
group B had signifi cantly lower EF, larger diastolic LV diameter 
and evidence of diastolic dysfunction compared to patients in 
group A. 
Baseline plasma levels of prothrombotic (D-dimer, fi brinogen, 
TF, FVII, PAI-1) and proinfl ammatory (IL-6, hsCRP) markers 
were signifi cantly higher in group B than in group A. In all 
patients, levels of the studied indicators continued to increase 
up to 7 days after pacemaker implantation. At follow-up visits 
at 6 and 12 months after the procedure, the trend of increase 
of the studied indicators was maintained in group B, while 
the levels in group A patients normalised. It is interesting to 
note that the degree of increase in the levels of the studied 
indicators was most signifi cant from 6 to 12 months after 
implantation. This means that the effect on the coagulation 
system is a long-term and dynamic process, as well as that 
there is a presence of a connection with many concomitant 
diseases [3]. In order to establish the intimate mechanism 
of the changes, it is necessary to follow the patients for a 
longer period of time. There is also evidence that the FVIIa-
AT complex can be used as a new biomarker for coagulation 
activation [4].
Epidemiological and clinical data indicate a connection 
between biochemical markers of endothelial damage and 
platelet activation and development of venous thrombosis, 
which is consistent with data from this study [5]. Pathological 
activation of coagulation and decreased fi brinolytic activity 
lead to venous thrombosis and obstruction, which can trigger 
pulmonary thromboembolism. This study confi rmed the 
hypothesis that levels of prothrombotic and proinfl ammatory 
markers of endothelial damage were signifi cantly elevated 
in patients with implanted pacemakers and evidence of 
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procedure period. Follow-up also included patients after 
reimplantation of the pulse generator only. Analysis of results 
showed that the studied factors had a similar rise curve in the 
group with placed electrodes, regardless of low or high voltage. 
It is interesting to note that in patients in which only the pulse 
generator was replaced and no electrodes were placed, there 
was no similar change in levels of studied coagulation factors.
This study raises the question of the infl uence of endocardial 
electrodes on coagulation and presence of individual 
differences in the reaction to thrombosis and fi brinolysis in 
patients with pacemakers.
Modern treatment of many cardiovascular diseases includes 
not only various implantable devices, but also valve prostheses, 
stents, endovascular grafts, as well as venous catheters for 
chemotherapy and central infusion lines for medication and 
monitoring of critically ill patients. Thrombotic mass formation 
on these devices and implants is the most common cause of 
their impaired function and unfavourable therapeutic outcome. 
Jaffer et al. published an analysis of thrombosis pathogenesis 
on medical implants and devices, focusing on the intrinsic 
pathway of activation of the coagulation cascade [10].
Unlike intact endothelium, which actively prevents thrombosis, 
foreign surface contact initiates coagulation with sequentially 
activated processes of protein deposition, platelet adhesion, 
followed by leukocytes and erythrocytes deposition, thrombin 
generation and complement system activation.
It is well known that implanted materials are extremely quickly 
covered by a layer of protein molecules from bloodstream 
and intercellular space [11]. This suggests that the initial 
cellular response is to this protein layer and not the foreign 
surface itself. Independent studies of the effect of various 
foreign surfaces demonstrate the leading role of extracellular 
adhesion molecules - fi bronectin and vitrinectin.
Dynamic protein deposition is related to physicochemical 
properties of the foreign surface and protein molecules, 
this process being reversible. It has been shown that the 
composition of protein molecules changes over time, a 
phenomenon known as the Vroman effect. Hydrophilicity 
is a key determinant in protein adsorption, as more protein 
molecules adhere to hydrophobic surfaces. In addition, the 
foreign surface can lead to structural changes in protein 
molecules, which can change their biological activity [12].
Fibrinogen is the fi rst plasma protein to be deposited on foreign 
surface, followed by fi bronectin and von Willebrand factor, 
together leading to platelet activation. Deposited fi brinogen is 
soon replaced by components of the contact system: factor 
XII, high molecular mass quininogen, prekallikrein and factor 
XI. Activated factor XII not only triggers thrombin synthesis 
through the intrinsic coagulation pathway, but also activates 
the complement system.
Adherent activated platelets begin to secrete thromboxane 
A2, ADP, and other agonists, and also mediate leukocyte 

adhesion by P-selectin [13]. In turn, leukocytes produce free 
radicals, but can also degranulate and release substances 
such as platelet activating factor, interleukins, tumour necrosis 
factor, which leads to release of tissue factor from attracted 
monocytes.
Activated factor XII activates prekallikrein and factor XI, which 
in turn initiate a series of proteolytic reactions and lead to 
thrombin synthesis. Thrombin not only converts fi brinogen 
into fi brin minimers, but is also a potent platelet agonist. 
Fibrin monomers polymerize to fi brin, which stabilizes platelet 
aggregates into thrombi. These thrombotic deposits can 
lead to device or catheter dysfunction and compromise their 
function. On the other hand, particles from these blood clots 
can separate and with circulation to compromise the blood 
supply to important organs.
Yau et al. investigated the role of the intrinsic activation pathway 
in the process of thrombosis in contact with medical catheters 
and devices [14, 15]. They found that plasma thrombin time 
was three times shorter in the presence of catheter fragments 
than when they were absent. Prothrombotic activity of catheter 
fragments is mediated by the intrinsic pathway of activation. 
This is proved by the fact that it is blocked by the corn trypsin 
inhibitor (CTI), a potent and specifi c inhibitor of factor XII [16]. 
Also, the procoagulant effect of catheter fragments is almost 
absent in plasma devoid of factor XII and factor XI.
Recent studies have shown that formation of thrombotic 
masses in a extracorporeal circulatory system and vascular 
grafts is also mediated by the intrinsic pathway of coagulation 
activation. Larsson et al. conducted an experimental study 
with rabbits. They found that a specifi c factor XII-blocking 
antibody (3F7) resulted in thrombotic protection comparable 
to that of heparin using ECMO (extracorporeal membrane 
oxygenation system). On the other hand, administration of 
3F7 did not affect plasma haemostatic parameters and did not 
lead to increased bleeding, as with heparin [17, 18]. Similar 
results were obtained as well in antibody-mediated blockade 
of factor XI in primates [19, 20]. The study showed a persistent 
antithrombotic effect without increasing the risk of bleeding.
Efforts to prevent thrombosis on surfaces of medical implants 
and devices are aimed at developing surfaces with less 
thrombogenicity. As mentioned earlier, the adsorption of 
protein molecules on a foreign surface is the initiating step 
in thrombosis. The approach to fi nd a material resistant to 
protein adsorption is guided by the fact that protein molecules 
are attracted by electrostatic and hydrophobic interactions on 
the surface of the foreign body.
Over the years, numerous studies of artifi cial and 
biomaterials have been conducted to reduce this interaction. 
Endocardial pacing electrodes, in addition to being low in 
thrombogenicity, must meet a number of other requirements. 
The external insulation of the electrodes must be resistant to 
blood fl ow in the venous circulation system, withstand heart 
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valve friction, friction between two adjacent electrodes, as 
well as constant movement and strain from the contraction 
of the heart muscle. Advantages and disadvantages of 
polyurethane and silicone rubber used to insulate electrodes 
have been debated for years [21]. Not to be overlooked is 
surgeon’s preference, which depends on the convenience 
of the material during implantation. This puts requirements 
for sustainability, security, mass production capability and 
price before engineers. Regarding the effect on coagulation, 
polyurethane-coated electrodes are less prothrombogenic 
than silicone-coated electrodes. Introduction of new 
therapeutic methods in electrophysiology places 
requirements on endocardial electrodes for resistance to 
temperature infl uences. On the other hand, violation of the 
integrity of the insulation changes the prothrombogenic 
characteristics of the material.
Advances in medicine in recent decades and increase in life 
expectancy of patients with implanted cardiac devices (ICD) 
increase the risk of a variety of complications. These adverse 
events may be associated with development of thrombosis, 
change in the stimulation threshold, need for ablation due to 
concomitant rhythm pathology and others.

Conclusion

Analysis of data from literature shows unequivocally that 
placement of endocardial electrodes leads to activation of the 
coagulation system in the body. On the one hand, this is a 
result of the direct traumatic moment and endothelial damage 

in the early post-procedure period, and subsequently, the 
presence of electrodes of the foreign body type in some 
individuals can provoke a procoagulation state. In the body, 
coagulation and fi brinolysis are in constant balance and active 
mutual regulation, ensuring normal functioning of the healthy 
individual. There is a violation of this balance in patients with 
indications for cardiostumulation and implantation of the 
device aims to normalize hemodynamic parameters. Any 
condition, uncharacteristic for the body, such as placement 
of endocardial electrodes, pro-infl ammatory response to 
endothelial damage, and asynchronous ventricular contraction 
by the artifi cial heart rate regulator, has unpredictable effects 
on homeostasis.
More in-depth research is needed in this area to clarify the 
answers to these questions, namely: in which phase of the 
coagulation cascade are the changes most signifi cant; 
is there a way to anticipate these changes and prevent 
them accordingly; is disturbed homeostasis of coagulation 
temporary or persistent. This requires the study of coagulation 
factors involved in the various phases of the thrombotic and 
thrombolytic cascade, as well as monitoring the dynamics of 
these parameters for a longer period of time.
These questions will be answered after suffi cient data have 
been accumulated on these changes and how to modulate 
them.
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Abstract
Permanent pacemaker (PPM) implantation can lead to thromboembolic events at different times after the procedure.
According to literature, 1.7% of patients with pulmonary embolism have an implantable cardiac device. This frequency 
is higher than reported so far, from 0.16 to 0.47% of the total population.
The pathophysiologic mechanism of pulmonary embolism in chronic thromboembolic pulmonary hypertension 
(CTEPH) is multifactorial. Recently, there is evidence that not only the organisation of thrombotic deposits in the 
proximal pulmonary arterial vessels is important, but also the development of small vessel disease, which plays an 
important role in the evolution and progression of the disease. The role of thrombosis in medical devices in contact 
with blood fl ow, such as stents, vascular grafts, heart valves, has been well studied and documented in scientifi c 
literature on biomaterials. It is clear that implantable cardiac devices such as pacemakers, similarly to other foreign 
surfaces exposed to blood fl ow, promote blood clotting and complement activation. Numerous studies to date have 
addressed the potential risk of distal vascular involvement of pulmonary circulation in the presence of a pacemaker, but 
none has conclusively proven this hypothesis.
Over the last decade, there has been signifi cant progress in the therapeutic potential of CTEPH. Pulmonary 
endarterectomy remains the only therapeutic method that can lead to lasting clinical improvement in these patients 
while achieving a good quality of life. This method is operational, with high fi nancial value and is associated with 
the presence of a highly specialised team of specialists. This justifi es the search for ways to prevent the onset of the 
disease rather than treat the consequences.
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Introduction 

In modern cardiology, the treatment of a wide range of 
diseases is carried out by implantation of various electronic 
devices, from the conventional pacemaker for bradycardia, 
resynchronisation therapy in left bundle branch block and left 
ventricular dysfunction, implantable cardioverter-defi brillator 
(ICD) for primary and secondary prevention of sudden 
cardiac death (SCD), to experimental devices for monitoring 
vascular pressures, new methods for treating heart failure 
and modulating sympathetic activity. According to data from 
registers for implanted cardiac devices in European countries, 
we can see that with the increase in life expectancy, increases 
the number of implanted devices per million people [1]. More 
than 500 000 devices are implanted worldwide each year. 
Therefore, precision in the clinical approach to pacemaker 
patients is becoming increasingly important.

PPМ implantation can lead to thromboembolic events 
at different times after the procedure. On the one hand, 
endothelial trauma in vascular access can provoke early 
or late venous thrombosis, and on the other hand, the 
presence of endocardial electrodes can initiate formation of 
microthrombi, leading to embolisms in the pulmonary vascular 
bed. According to protocols from pathoanatomical studies, 
thromboembolic complications (mainly asymptomatic 
pulmonary thromboembolism and electrode-associated 
thrombi) found in PPM patients are much more common than 
clinically established [2, 3].
The recently growing interest in the study and treatment 
of pulmonary vascular disease has led to increased 
research and improved diagnosis of patients with chronic 
thromboembolic pulmonary hypertension (CTEPH) [4].
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aggregometry), serum Von Willebrand factor (vWF) and PAI-1 
levels were performed to assess endothelial damage. Results 
showed that in 79% of cases there was previous PE, in 59.3% 
a known DVT, and in 19.8% an idiopathic PE. In addition, 19% 
had history of thyroid pathology, 71% had blood type other 
than 0, 6.2% had infl ammatory bowel disease, and 2.5% 
had a pacemaker or splenectomy. From haematological risk 
factors, spontaneous platelet aggregation (SPA) was found 
to be signifi cantly higher in the CTEPH group (10.9±4.3% vs. 
8.4±6.2%), as well as vWF activity, fi brinogen and FVIII levels, 
but not signifi cantly.
The results from this study show the importance of SPA and 
the change in haemostatic parameters in the development of 
CTEPH, as well as the need for additional studies.

Discussion

The discovery of the pathogenetic mechanisms and 
differentiation of high-risk СТЕPH patients is the basis of 
many studies in this area. An analysis by Bonderman et al. 
of European CTEPH Registry data included 687 patients 
[11]. The study was retrospective and conducted in three 
major European Cardiovascular Research Centres: Medical 
University of Vienna (359 patients), Medical University 
of Prague (95 patients), Medical University of Homburg 
(233 patients). Results confi rm the currently accepted risk 
factors, more commonly associated with CTEPH, such as 
infected pacemaker electrode, splenectomy, previous venous 
thrombosis, blood type other than 0, lupus anticoagulant 
and antiphospholipid antibodies. Thyroid pathology from 
replacement therapy and neoplastic disease are highlighted 
as additional risk factors.
Recent data from Rohith Nayak in JACC 2018 [12] show a clear 
link between CTEPH and implantable cardiac devices (ICD). 
CTEPH is a potentially treatable disease through pulmonary 
endarterectomy. They studied 982 CTEPH patients referred 
for this type of surgical treatment for the period January 2009 
- December 2015 at the University of California, San Diego 
(UCSD). Results showed that 14 patients had implanted PPM 
before surgery and 3 had ICD (1.7% of the total).
It was found that 12 out of 17 (70.6%) patients with PPM had 
distal vascular disease compared to 241 out of 933 (25.8%) 
patients without ICD (p = 0.0002). Venous thromboembolism 
was present in 50% of the PPM group and in 78.6% of non-
PPM patients.
The established 1.7% incidence of pulmonary embolism 
in patients with ICD was higher than previously reported – 
0.16-0.47% in the general population. Moreover, there was a 
prevalence of small vessel involvement and low association 
with previous venous thromboembolism. This suggests that 

CTEPH is defi ned if after 3 months of adequate anticoagulant 
treatment the following is established:
1. Mean pulmonary arterial pressure >25 mmHg in pulmonary 
capillary pressure <15 mmHg;
2. Pulmoangiography data for reduced perfusion of one or 
more segments of the lung.
The number of patients with CTEPH is unclear. Until recently, 
it was defi ned by patients who experienced pulmonary 
embolism, in which the criteria for this diagnosis were 
established with a frequency of 0.1 to 5.1% in the course of 
follow-up.
CTEPH is a result of a single or recurrent pulmonary 
thromboembolism followed by incomplete thrombi resolution 
with subsequently developing fi brous organisation and 
remodelling of affected arteries and increased pulmonary 
artery resistance, progressive right ventricular failure and fatal 
outcome. Only 66% of patients with CTEPH have evidence 
of previous pulmonary thromboembolism, and for the rest, 
the cause is another pathophysiological process. Recurrent 
thromboembolism is also more common in men, while both 
sexes are equally affected by CTEPH, which means that 
pathogenesis here deviates from the classical pathway of 
thrombosis and thrombolysis [5, 6].
The discovery of clinical risk factors for CTEPH has shed light 
on new molecular mechanisms for the formation of thrombotic 
formations, their persistence in the vascular lumen and their 
fi brous transformation. 
The pathophysiological mechanism of pulmonary hypertension 
in CTEPH is multifactorial. Recently, there is evidence that it 
is important not only to organise thrombotic deposits in the 
proximal pulmonary arteries, but also the development of 
small vessel disease, which plays an important role in the 
evolution and progression of the disease.
Risk factors for PE-associated CTEPH include: idiopathic form 
of embolism, recurrent episodes of embolism, a large perfusion 
defect, younger age, and mean pulmonary pressure above 
50 mmHg at diagnosis [7, 8]. Some laboratory parameters 
are found in higher concentrations in CTEPH patients, such 
as factor VIII, lupus anticoagulant (LA), antiphospholipid 
antibodies, (APA) von Willebrand factor (vWF), plasminogen 
activator inhibitor type 1 (PAI-1) and fi brinogen.
A team of researchers from Bratislava, Bohacekova et al., 
analysed 81 patients (30 male and 51 female) with CTEPH, 
confi rmed by cardiac catheterisation, half of them undergoing 
surgical treatment (endarterectomy) [9, 10]. All patients were 
screened for concomitant pathology. The team focused on 
the known established risk factors for CTEPH: idiopathic and 
recurrent PE, DVT, neoplastic disease, chronic infl ammatory 
condition, presence of pacemaker electrodes, thyroid 
pathology, splenectomy, autoimmune disease, blood type 
other than 0. In both patients and controls, detailed studies 
of coagulation parameters, platelet aggregation (spontaneous 



93

Medical University

ICD electrodes can be a source of microthrombi that embolise 
distally and compromise pulmonary vascular circulation.
This thesis is supported by data from the cardiovascular 
surgery team at UCSD. Medani et al. analysed and published 
data from 1500 pulmonary endarterectomies, performed 
in patients with symptomatic CTEPH for the period March 
1999 – December 2010 [13, 14]. In those patients, pulmonary 
hypertension was associated with endocardial pacing 
electrodes and preoperative pulmonary angiography showed 
minimal peripheral thromboembolic involvement. However, 
intraoperatively, they established more severe involvement 
of peripheral vessels, which after endarterectomy led to 
normalisation of haemodynamic parameters.
The role of thrombosis in medical devices in contact with 
blood fl ow, such as stents, vascular grafts, heart valves, has 
been well studied and documented in scientifi c literature on 
biomaterials. It is clear that implantable cardiac devices such 
as pacemakers, similarly to other foreign surfaces exposed 
to blood fl ow, promote blood clotting and complement 
activation [15].
A population-based study by Pederson et al. found a 0.3% 
risk of venous thromboembolism at 3 months and a 1.9% 
risk at 5 years after ICD implantation [16, 17]. There is also 
abundant data on the study of endocardial electrodes and 
formation of thrombotic masses on their surface [18]. In a 
retrospective study by Supple et al. in patients with ICD who 
underwent intracardiac echocardiography in preparation for 
an ablation procedure, thrombosis was found in 30% of cases 
[19]. A similar incidence of intracardiac electrode thrombosis 
was also demonstrated by Novak et al. in an autopsy study of 
patients with a pacemaker or ICD, n=90 (33% in ventricular 
electrode and 48% in atrial electrode) [20]. Also in some cases 
there was simultaneous thrombosis, both intracardiacly and 
in the vein used for access. Based on this, they conclude that 
pulmonary thromboembolism was direct cause of death in 4 
patients. Also, 8 patients were diagnosed with non-massive 
thromboembolism, and according to medical records during 
their lifetime, they were oligosymptomatic.
Numerous studies to date have addressed the potential risk 
of distal vascular involvement of pulmonary circulation in the 
presence of a pacemaker, but none has conclusively proven 
this hypothesis. Novak’s analysis found that patients with 
CTEPH and a pacemaker were more often associated with 
distal vascular pathology. This suggests that electrodes may 
be a source of thrombi, which embolise in segmental and 
subsegmental branches of the pulmonary artery.
Organised thrombi in these small vessels are more diffi cult to 
remove in surgical endarterectomy and may even be referred 
to as inoperable in some centres [21].
According to UCSD data, despite their higher risk profi le, 
patients with CTEPH and presence of cardiovascular 
implantable electronic device (CIED) had comparable 

postoperative hemodynamic parameters and long-term 
prognosis to patients without a pacemaker. This shows that 
this group of affected individuals is indicated for surgery as well 
as explantation of the electronic device to avoid recurrence of 
symptoms [22, 23].
Development of risk scores and scales for predicting 
complications and selecting patients with indications for 
treatment is applied in a signifi cant number of socially 
signifi cant diseases. As early as 2001, the CHADS2 score 
was introduced as a predictor of ischemic stroke in patients 
with non-valvular atrial fi brillation (AF). After analyses 
and studies, this score was extended to CHA2DS2-VASc, 
increasing the accuracy of predicting the risk of ischemic 
events and included in the recommendations of the European 
Society of Cardiology from 2016. There are also data from 
literature on the predictive value of CHA2DS2-VASc for 
cardiac events in patients without AF [24]. A 2015 study by 
Podolecki et al. showed an association between CHA2DS2-
VASc and increased in-hospital mortality in patients with acute 
myocardial infarction. Melgaard et al. obtained similar results 
[25]. They found that higher CHA2DS2-VASc was associated 
with increased risk of IMI and death in chronic heart failure 
patients with or without AF [26].
Several mechanisms may explain the predictive role of 
CHA2DS2-VASc in adult patients. All risk factors are 
associated with increased incidence of ischemic brain 
events, both in AF and non-AF patients. Diabetes mellitus, 
hypertension and congestive heart failure are accompanied 
by endothelial dysfunction, increased thrombosis, increased 
levels of some adhesion molecules and oxidative stress. All 
of these lead to a prothrombotic state. On the other hand, as 
the number of risk factors increases, so does the number of 
ischemic events.
By analogy, a risk scale for patients with ICD can be developed, 
where the use of antithrombotic drugs could prevent deposition 
of thrombotic masses and their microembolisation in the 
pulmonary vascular bed. Differentiating this group will not 
be easy. On the one hand, the defi nite connection between 
the prothrombotic state, formation of microthrombi, their 
embolisation and development of CTEPH must be proved. 
On the other hand, AF incidence increases with age. Data 
from ICD are used to register these paroxysms, which is an 
indication for initiating anticoagulant therapy as a prophylaxis 
of thromboembolic events. The target population for the study 
should consist of patients with dual-chamber pacemaker with 
no evidence of AF paroxysms, and the presence or absence 
of risk factors for thrombotic events is debatable.
In a population-based study mentioned above, Pederson et 
al. [16] looked for a link between venous thromboembolism 
and concomitant pathology in patients with ICD/CRT-D. 
Comorbidity was determined, based on data from the Danish 
National Patient Registry, using the Charlson Comorbidity 
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Index (CCI) score, which has been validated as an adequate 
tool for assessing prognostic assessment in patients with 
ICD. Results showed a 2.7-fold higher incidence of venous 
thromboembolism in patients with severe comorbidity 
compared to those without concomitant pathology [27].

Conclusion

The scientifi c community has the task to specify a risk scale 
for predicting those patients with implantable cardiac devices 
who would benefi t from prophylactic treatment with an 
antithrombotic agent.

Over the last decade, there has been signifi cant progress in the 
therapeutic potential of CTEPH. Pulmonary endarterectomy 
remains the only therapeutic method that can lead to lasting 
clinical improvement in these patients while achieving a good 
quality of life. This method is operational, with high fi nancial 
value and is associated with the presence of a highly specialised 
team of specialists. This justifi es the search for ways to prevent 
the onset of the disease rather than treat the consequences.
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PAGET’S DISEASE OF BONE DIAGNOSED 
ON SPECT/CT: A CASE REPORT
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Abstract
I reported a case of a seventy-fi ve-year-old woman with a backache and pain in left femur. Magnetic resonance imaging 
(MRI) of back, pelvis and hips showed bone marrow lesion suggesting bone metastasis. The patient was admitted to 
nuclear medicine department of Krasnoyarsk Regional Clinical Oncology Center. Single-photon emission computed 
tomography combined with computed tomography (SPECT/CT) of the skeletal system together with several laboratory 
tests (alkaline phosphatase, calcium, phosphorus), provided grounds for the diagnosis of Paget’s disease. The patient 
was qualifi ed for treatment to the Rheumatologist.
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Introduction 

Paget’s disease of bone (PDB) is a chronic progressive 
disease of the bone of uncertain etiology, characterized 
initially by an increase in bone resorption, followed by a 
disorganized and excessive formation of bone, leading to 
pain, fractures, and deformities. PDB is the most common 
metabolic bone diseases after osteoporosis [1]. The 
disease predominately affects elderly and male patients [2]. 
The article describes the utility of single photon emission 
computed tomography combined with computed tomography 
(SPECT/CT) to rule out metastatic bone disease in a patient 
Paget’s disease mimicking multiple skeletal metastases.

Case report

A 75-year-old woman, presented with a history of backache and 
pain in left femur. She also complained of excessive worries, 
tension, and having sleep disturbance. There was no past history 
of diabetes, hypertension, tuberculosis, polyarthritis, or any 
other signifi cant illness. The family history was not contributory. 
Magnetic resonance imaging (MRI) of back, pelvis and hips 
showed bone marrow lesion suggesting skeletal metastases. 
The patient was admitted to the nuclear medicine department 
of the Krasnoyarsk Regional Clinical Oncology Center. 
Whole-body bone scintigraphy was performed two hours after 

intravenous administration of technetium-99m methylene 
diphosphonate (MDP). Images revealed multiple skeletal 
lesions (“hot spots”) involving skull, multiple vertebrae, pelvis 
on both sides, and upper half of the right femur (Figure 1).

Figure 1. Planar bone scintigraphic images showing increased 
tracer uptake in skull, multiple vertebrae, pelvis on both sides and 
upper half of the right femur.
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Biochemical tests revealed normal serum calcium: 2.3 
mmol/L (2.2-2.55 mmol/L) and serum phosphorus: 1.23 
mmol/L (0.81-1.45 mmol/L), but markedly raised serum 
alkaline phosphatase (SAP) – 683 IU/L (35-105 IU/L). 
Correlating the clinical, radiologic and biochemical fi ndings 
a fi nal diagnosis of PDB was established. Patient was 
qualifi ed to the Rheumatologist for treatment.

Discussion

PDB is a chronic, non-infl ammatory, localized bone-
remodeling disorder that affects widespread, non-
contiguous areas of the skeleton. PDB is the second most 
common bone disease after osteoporosis [3]. This disease is 
relatively common in older people, occurs in approximately 
3-4% of the population aged over 50 years with a slight male 
gender predilection. PDB can be monostatic or polyostotic 
in nature depending on the number of bones involved. 
Most commonly involved bones are the pelvic girdle, spine, 
lumber region, thoracic region as well as and cervical and 
skull bones. Most cases are asymptomatic in nature but 
symptomatic cases may lead to various manifestations 
such as arthritis, bone pain, pathological fractures, bowing 
of legs and kyphosis [4]. 
PDB is diagnosed primarily by radiological examinations. 
Early in the course of the disease, lytic activity predominates, 
causing focal osteolytic lesions. Subsequently, areas of sclerosis 
develop, leading to the characteristic appearances of mixed 

The scintigraphic features were suggestive of polyostotic 
Paget’s disease (Figure 2). 

Figure 2. The bones commonly affected by Paget’s disease.

Computed tomography (CT) scan revealed diffuse osteosclerosis 
with lytic areas involving skull, thoracic and lumbar vertebrae, 
pelvis on both sides and upper half of the right femur, 
commensurate with the bone scan fi ndings (Figure 3).

Figure 3. CT scan showing structural lesion areas involving skull, lumbar vertebrae, pelvis on both sides and upper half of the right femur, 
commensurate with the bone scan fi ndings.
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lytic and sclerotic areas, thickened trabecula, bone expansion, 
cortical thickening, and deformity. A radioisotope bone scan may 
be recommended in all patients as part of the initial diagnostic 
assessment to determine the distribution of the disease [5]. 
Different biochemical markers of bone remodeling that 
are increased in PDB play a useful role in the diagnosis 
of the disease. The markers of bone resorption, which are 
increased, are: urinary hydroxyproline, serum N-telopeptide 
of type I collagen, serum C-telopeptide of type I collagen 
and serum deoxypyridinoline cross-links of type I collagen. 
Markers of bone formation that are elevated are: SAP, 
serum bone-specifi c alkaline phosphatase, osteocalcin, 
serum N-terminal propeptide of type I collagen [6].
There are several treatment regimens for patiens with PDB. 
Bisphosphonates have been proven as the fi rst-line treatment 
option, secondary to its infl uence in bone remodeling. The 
most commonly used bisphosphonates in the management 
of Paget’s disease are pamidronate, etidronate, zolendronic 
acid, alendronate and riserdronate [7]. Calcitonin is usually 
a second-line treatment. This drug is assisted in bone 
absorption. Supplements such as calcium and vitamin D 
have been known to provide some symptomatic benefi t. 
Pain management achieved with either nonsteroidal anti-
infl ammatory drugs (NSAIDs) or acetaminophen [8].
The general outlook for patients with PDB is good, especially 
if treatment started before major changes have occurred 
in the bones. There is no cure for PDB, but the disorder 
can be controlled from progressing. Patients with severe 
polyostotic Paget disease have a less favorable prognosis 
than those with monostotic disease [9]. 

Only one study, however, has specifi cally addressed 
mortality associated with PDB. In that study, the British 
General Practice Research Database identifi ed 2465 
patients diagnosed with PDB from 1988 to 1999: 
retrospective review indicated that 5-year survival was 
67% in patients with Paget’s disease compared with 72% 
in control patients [10]. 
The prognosis is extremely unfavorable if the patient has 
any type of sarcomatous degeneration, especially if there is 
multicentricity. The 5-year survival rate of Paget’s sarcoma 
is approximately 10%, much worse than that of conventional 
osteosarcoma, which has increased to nearly 70% with the 
improvement of neoadjuvant chemotherapy. Most tumors 
show a poor response to standard chemotherapy regimens 
used for conventional osteosarcoma [11, 12].

Conclusion

This case presented utility of SPECT/CT uniting isotope 
bone scan and CT-scan in diagnostics of PDB which can 
be confi rmed by elevated alkaline phosphatase levels in 
serum which was positive in our patient, too.
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Abstract
Introduction: Peer learning is an important component of the postgraduate medical curriculum, and it is considered as 
an integral part of learning in some countries. The practice of peer learning among postgraduate trainees, especially 
the resident doctors, is an area that has not been explored in Nigeria and other third world countries. This study aims 
to examine the practice, perception, and drivers of peer-to-peer training in Nigeria.
Methodology: This study was a national multi-centre and multi-disciplinary cross-sectional survey, conducted among 
resident doctors in Nigeria. Semi-structured questionnaires were used to obtain respondents’ biodata, perception and 
practice on peer learning. Data were analysed using SPSS version 23 software. Results were presented as frequency 
table and proportion, means, and standard deviation. Inferential statistics such as bivariate analysis was performed.
Results: Majority, 287 (73.2%), considered the peer education programme as an appropriate learning practice, 173 
(45.9%) considered peer education programme integrated part of the training, while 350/383 (88.2%) engaged in a peer 
education programme. Statistically, a signifi cant association was found between those who considered peer training as 
appropriate (p = 0.038) and those who considered peer education as an integral part of postgraduate medical training 
curriculum (p =0.009).
Conclusion: Peer learning is popular among resident doctors in Nigeria. Concerted efforts are needed to re-structure 
the residency training curriculum in order to maximize the benefi ts of this learning approach for an effective training 
programme.
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Introduction 

 Peer learning, near-peer learning or peer-to-peer learning 
can be defi ned as an educational concept in which one 
trainee provides learning support to another trainee or a 
group of fellow trainees [1-3]. A similar term is peer-assisted 
learning [1]. This approach to learning is a real opportunity 
for trainees considering the dearth of didactic lectures in 
most residency training programmes. Although the residency 
training programme is a structured one, it essentially involves 

a great deal of self-driven learning and improvement. 
Furthermore, given the contemporary explosion of medical 
knowledge and skill required for specialist medical practice, 
resident doctors and interns have an enormous volume 
of information and competencies to acquire within a fi xed 
training period. However, there is poor insight into how this 
feat is achieved. Peer learning may thus play some role in 
this regard [4].
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were determined. Continuous variables were summarised as 
mean and standard deviation, while the categorical variables 
were summarised as proportions and frequencies. Also, 
bivariate (Chi-square tests) analyses were done among the 
relevant variables. Results were presented using sentences 
and tables.

Defi nition of terms
1. Peer: a trainee who is the same level/cadre with another 

trainee, e.g. a house offi cer and another house offi cer or 
a senior registrar and another senior registrar.

2. Peer learning: Peer learning or near-peer learning are 
organised educational activities in which one trainee 
provide learning support to other trainees (resident 
doctors) or a group of fellow trainees (resident doctors)

3. Early career doctor: a medical or dental practitioner 
who has fi nished fi rst-degree training and at least has a 
certifi cation to practice clinically. Those in this category 
include interns, medical/dental offi cers below the rank 
of a principal medical/dental offi cer (PMO/PDO) and 
resident doctors [10, 12].

4. Registrar: A doctor in postgraduate medical training 
having passed the Primary exams of either or both of 
the National Post-graduate Medical College or the West 
African College following completion of internship and 
the mandatory one-year National Youth Service Corps 
[15, 16]. This usually takes between 2-3 years during 
which he/she learns from the Senior registrar and 
Consultant.

5. Senior Registrar: A doctor in residency training following 
success at the Part I exams of the College/s who 
directly supervises the registrar and interns under the 
overall guidance and tutelage of the Consultant [15, 
16]. This programme usually lasts between 2-4 years 
depending on the specialty and culminates in success at 
the Part II examinations after which he/she is awarded 
a Fellowship and is appointable as a Consultant in a 
relevant health institution.

6. Specialty was considered as the department/fi eld 
the trainee is currently under, while the grouping into 
surgical-related and non-surgical related was based 
on the Nigerian/West African Postgraduate Medical 
Colleges’ classifi cations.

Ethical Considerations
Ethical approval was obtained from the National Ethics 
Review Committee, Federal Ministry of Health, Nigeria, before 
data collection (Reference number: NHREC/01/01/2007- 
26/06/2019). Written and verbal consent were obtained 
from each participant before their participation. Also, 
the identity of each participant was treated with utmost 
confi dentiality. 

Peer Learning is in fact  considered to be an “under-
recognised source of education in the medical education 
continuum” [5]. Besides, it is considered to be an innovative 
way to disseminate information rapidly, and an excellent way 
to entrench interprofessional collaboration. The latter may be 
necessary for the medical and dental practice, where team 
spirit is a necessary soft skill [6]. It may be an excellent way to 
inculcate teaching skills into resident doctors who are future 
faculties [5, 6]. Finally, there is evidence, albeit little, on its 
benefi t in sharing theoretical and practical medical skills [7, 
8]. A unique characteristic of the peer teachers or tutors is 
that it mostly takes place in semi-formal, non-classroom 
settings or arrangements.
Academic exchange between early career Doctors who 
are mainly residents doctors is poorly explored, especially 
in Nigeria [9, 10]. Furthermore, peer learning/teaching is a 
poorly explored part of the postgraduate medical curriculum; 
it is, therefore, imperative to characterise such and assess 
the perception of the participants themselves.
This study examined  the practice and perception of resident 
doctors to peer-peer training experience in Nigeria.

Methods

Study design
This study was a national multi-centre, multi-disciplinary 
cross-sectional survey of resident doctors, who are early 
career doctors in Nigeria [11-13]. This study also forms a 
part of the CHARTING study; also, the study protocol had 
been published elsewhere, and preliminary data was also 
presented as a poster [12, 14].

Study tool 
The study tool was an anonymous pre-tested, semi-
structured paper questionnaire which obtained information 
about the basic demographics, practice, and perception 
of the study participants towards peer learning [12]. The 
basic characteristics of participants were extracted with 
17 variables while those variable relevant to peer learning 
where gotten via seven stem questions.

Selection criteria  
Only those doctors who were identifi ed as resident doctors 
(i.e. a registrar/senior registrar) [9, 11] and who also gave 
verbal informed consent were included in this study.

Data collection and analysis
 The survey was institution-based. Collected data was 
cleaned, coded, and computed into the IBM SPSS version 23 
Software for analysis. Frequency distributions of all variables 
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Results

A total of 411 participants were included in this report. The 
mean (±SD) age of the respondents was 35.3 (±4.5) years. 
The majority (72.0%) were males, 77.8% were married, 53.3% 
were registrars, 55.7% were in non-surgical specialities, 
58.4% graduated from medical school more than seven 
years previously, and only 79 (19.3%) had acquired additional 
educational qualifi cations (like Masters or PhD)(Table 1).
The respondents spent averagely 69.36(±34.71) hours-per-
week, 9.75 (±8.96) hours-per-week, and 3.98 (±5.79) hours-
per-week on hospital works, private study, and research 
activities, respectively (Table 2). More than 90% spent over 
40 hours per week at work, 61% being on-call duty for more 
than seven days in a month, and the majority having no free 
time after call duties. 
The majority (73.2%) of the respondents considered 
peer education programmes/sessions as an appropriate 
educational practice; however, only 45.9% indicated that peer 
education programme was an integrated part of their training 
requirement. Among them, only 88.2% (350/383) engaged 
themselves in peer education programme(s) including social 
media discussion programmes (243/365, 66.6%), discussion 
group activities (327/365, 89.6%), and others (e.g. bedside 
teaching, among others) (13/365, 3.6%) (Table 3).
As shown in Table 4, a statistically signifi cant association 
was found between participation in peer learning activities 
and consideration of peer education as an integral part of 
the curriculum as well as with consideration of peer training 
as appropriate. About nine out of every ten (91.6%) of those 
who considered peer education as an integral part of the 
curriculum participated in peer-education, as compared to 
only 84.9% of those who did not consider it as an integral 
part of the curriculum. Furthermore, 91.6% of those who 
considered peer training appropriate participation in peer 
education as compared to 84.2% of those who did not 
consider it appropriate. There was no signifi cant association 
between age, gender, cadre and duration of practice 
of resident doctors and participation in peer education 
programmes.

D iscussion

Worldwide, the theme of peer-to-peer education is an 
understudied subject and one with an enormous potential 
to improve knowledge dissemination and skill acquisition, 
especially among resident doctors. Peer-assisted learning 
has commonly been known to be implemented in medical 
education via programmes like ward-rounds, bedside 

teaching and other interactive sessions. However, it has 
more commonly been studied among medical students 
than doctors in postgraduate training [17-19]. Our study 
demonstrated that a high proportion of the respondents 
(88.2%) engage in peer learning activities. Among Nigerian 
resident doctors, discussion groups, social media interactions 
and bedside discussions were the most common modalities 
of peer education.
There are many apparent advantages of peer education. 
According to Burgess et al., the peer teachers do not only 
develop teaching skills which are vital for all doctors but also 
improve their clinical knowledge and acumen [20]. Considering 
that this form of interaction occurs amongst resident doctors of 
similar cadre, there is a more relaxed and friendly atmosphere 
which allows for an adequate learning experience. Some 
researchers have demonstrated that more senior resident 
doctors in postgraduate training were able to impart knowledge 
on their junior colleagues by teaching during ward rounds and 
other clinical settings [21]. It was also found that there is no 
signifi cant difference in the degree of knowledge impartation 
to residents between peer-led and faculty-led teachers [17]. 
Interestingly, in  imparting certain skill sets there is  evidence 
that peer learning may be better, possibly due to participants 
being of similar age brackets thereby enhancing those particular 
skill transfer [2]. These residents learn much more and prepare 
for the seminars and discussions much more intensively thus 
being benefi cial to the peer trainers themselves. However, we 
did not test this in our study.
From this study, approximately 70% of respondents 
considered peer education appropriate for their learning 
and development. However, less than half agreed that 
peer education was integrated into the residency training 
programmes in their various institutions. This suggests that 
there is a need for increased integration of peer-to-peer 
education within the curriculum of the residency training 
programme in Nigeria.
This study highlighted the increased workload among the 
participants - 91% of the participants worked more than 40 
hours per week, and at least 60% of participants were on call 
for more than 7 days in a month.  It can thus be extrapolated 
that, given the fact that residents who take regular calls have 
increased need for rest and recovery, there may be little, or 
no time left for peer education.  Furthermore, above 60% of 
residents in this study had less than 7 hours of structured 
training by their trainers in a week, with less than 10 hours 
of private time for studies. This inadequate time for personal 
study/training by the resident might further make peer 
learning more challenging.  On the fl ip side, the same dearth 
of time for other methods of learning and the compelling 
need for learning to succeed in the training may have 
served a strong driver of the practice of peer learning. Also 
interesting is the fact that those who engage in peer learning 
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self-reported similar structured hours learning from trainers 
and self-reported hours of private study per week. It would 
be interesting to further explore how residents overcome the 
increase workload and thrive in peer learning practice.
Of the 85% who engaged in peer-to-peer education, a vast 
majority (9 out of 10) participated in group discussions while 
a signifi cant population engaged in social media interactive 
groups. 
Habboush et al. identifi ed four main themes which are 
essential in developing the teaching skills of residents, namely 
communication, professional engagement, practice-based 
learning, and systems-based learning [22].  They revealed a 
remarkably positive difference in the ability of the resident doctors 
he studied, to teach their peers and medical students following 
a structured-training [22]. To this effect, there may be a need for 
proper training on these methods to enhance better outcomes.
Walker and her associates reported the use of the jigsaw 
technique in peer teaching and learning among American 
paediatric resident doctors, with the remarkable results of 
satisfactory knowledge transfer from resident to  resident [23]. 
The jigsaw technique, among other techniques of peer-to-peer 
education, encourages a resident doctor to study and become 
an expert in a particular aspect of a topic, and then teach 
colleagues during group discussions while learning about other 
aspects from them. In other words, this approach allows much 
ground to be covered over a short period [24]. There are many 
more techniques that have been practised by Nigerian resident 
doctors but have not been documented due to inadequate 
knowledge of the theme of peer-to-peer education. 
This index study showed no obvious statistically signifi cant 
difference in the perception, integration and engagement in peer 
education based on gender, age groups, marital status and type 
of specialty (surgical versus non-surgical).  It thus suggests that 
it is useful across board, and should thus be further studied and 
understood in order to maximise its usefulness [25].

We did not explore how these activities affect skilled transfer, 
and capacity enhancement. This is a potential gap that 
further research would be needed to provide insight.

Conclusion

Peer learning/education is popular among Nigerian resident 
doctors. The residents who recognised peer learning as 
appropriate were more likely to participate further in peer 
training. It is therefore imperative for the stakeholders in the 
Nigerian Postgraduate Training Programme to encourage 
the integration of well-structured peer education into the 
residency training programme with the goal of making 
training/learning more effi cient. 
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Table 1. Basic Profi le of Participants

Variables (n)

Age (368)

(mean SD) years 35.3± 4.5

<40years n (%) 307(83.4)

more than or equal to 40years 61(16.6)

Gender (411)

Male n (%) 296(72.0)

Female n (%) 115(28.0)

Cadres (411)

Registrar n (%) 219(53.3)

Senior Registrar n (%) 192(46.7)

Married status (409)

Yes 318(77.8)

No 91(22.2)

Categories of specialty (402)

Surgical related n (%) 178(44.3)

Non-surgical related n (%) 224(55.7)

Undergraduate training (397)

Foreign n (%) 5(1.3)

Foreign-trained n (%) 392(98.7)

Years of graduation from medical school (397)

less or equal to 7years n (%) 157(38.2)

more than 7years n (%) 240(58.4)

Additional qualifi cation (Master, PhD, PGD)(410)

Yes n (%) 79(19.3)

No n (%) 331(80.7)

Number of children

less than or equal to 2 children 224(78.3)

more than 2 children 62(21.7)

Average hour of sleeps per day (396)

less or equal to 7 hours 374(92.8)

more than 7 29(7.2)

Tables



106

Medical University

Table 2. Work-related Characteristics of participants

Variables (n)

Years of practice (396)

less or equal to 7years 202(51.0)

more than 7years 194(49.0)

Years on current job(396)

less or equal to 5 years 271(70.6)

more than 5 years 113(27.5)

Average work hours per week (391)

less than 40 hours 34(8.7)

more or equal to 40 hours 357(91.3)

Number of call days in a month (393)

less or equal to 7 157(39.9)

greater than 7 days 236(60.1)

Mode of calls duty (401)

Staggered 339(84.5)

Not staggered 62(15.5)

Usual Free hours after each call(376)

equal or less than 7 hours 150(87.2)

more than 7 hours 22(12.8)

Hours of formal educational activities in a week(376)

less or equal to 5 hours 173(46.0)

more 5 hours 203(54.0)

Dedicated Private or research hours per week (339)

less or equal to 5 hours 123(36.4)

more 5 hours 215(63.6)
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Table 3. Peer Learning Activities and Residency Related Attributes

Variables (n)

Do you consider peer educational program/sessions such as discussion group appropriate (397)

Yes 287(73.2)

No 95(24.2)

Undecided 10(2.6)

Do you engage in peer educational program such as discussion group seminars (383)

Yes 350(88.2)

No 47(11.8)

Peer education engage in Discussion group (383)

Yes 332(86.7)

No 51(13.3)

Peer education engage in Others (240)

Yes 14(5.8)

No 226(94.2)

Is the peer education programme integrated as part of your training requirement (377)

Yes 173(45.9)

No 172(45.6)

Undecided 32(8.5)

Reported structured hour of training in residency by trainers (269)

0-7 hours 179(66.5)

8 hours or more 90(33.5)

Reported hours of private study per week (338)

10 hours equal or less 237(70.1)

More than 10 hours 101(29.9)
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Table 4. Factors associated with participation in peer learning activities

Yes No X2 p-value

Age 0.41 0.518

less than 40 years 266(88.1) 36(11.9)

more than or equal to 40 years 317(88.5) 41(11.5)

Gender(397) 3.04 0.081

Male 248(86.4) 39(13.6)

Female 102(92.7) 8(7.3%)

Marital Status(395) 2.61 0.101

Married 274(89.5) 32(10.5)

Not married 74(83.1) 15(16.9)

Cadre (397) 0.43 0.513

Registrar 189(89.2) 23(10.8)

Senior Registrar 161(87.0) 24(13.0)

Type of specialty (390)

Surgical related 151(88.8) 19(11.2) 0.22 0.641

non-surgical related 192(87.3) 28(12.7)

Location of undergraduate medical training (384)

Foreign 4(100.0) 0

not foreign-trained 333(87.6) 47(12.4)

Years of graduation from medical school (383) 0.08 0.781

less or equal to 7years 132(87.4) 19(12.6)

more than 7years 205(88.4) 27(11.6)

Years of practice (383) 0.00 0.955

less or equal to 7years 170(88.1) 23(11.9)

more than 7 years 167(87.9) 23(12.1)

Years on current job (371) 3.65 0.056

less or equal to 7 years 237(90.5) 25(9.5)

more than 7 years 91(83.5) 18(16.5)
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Average work hours per week) (378) 0.02 0.778

less than 40 26(86.7) 4(13.3)

more or equal to 40 305(87.6) 43(12.4)

Number of days on-call duty in a month (380)
0.00 0.959

less or equal to 7 days 132(88.0) 18(12.0)

Greater than 7 days 202(87.8) 28(12.2)

Usual Mode of call duty (388) 0.1 0.753

Staggered 289(88.1) 39(11.9)

Not staggered 52(86.7) 8(13.3)

Free hours after each call (164) 0.27 0.706

equal to or less than 7 128(89.5) 15(10.5)

more than 7 years 18(85.7) 3(14.3)

Considered peer education as an integral part of the curriculum (345) 6.91 0.009**

Yes 162(93.6) 11(6.4)

No 146(84.9) 26(15.1)

Consider peer training appropriate (382) 4.30 0.038**

Yes 263(91.6) 24(8.4)

No 80(84.2) 15(15.8)

Reported structured hours learning from trainers 0.02 0.224

Less or equal to 10 hours 216(91.1) 21(8.9)

More than 10 hours 27(84.4) 5(15.6)

Reported hours of private study per week 0.32 0.574

10 hours equal or less 129(89.0) 16(11.0)

More than 10hours 163(90.1) 18(9.9)
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Abstract
Background: pulmonary edema results from the shift of excessive fl uid into the alveoli space and can be clinically 
classifi ed into cardiogenic or non-cardiogenic by pathophysiology. This study aimed to elucidate the mechanism, 
outcomes, and prevention of poisoning induced non-cardiogenic pulmonary edema (PINCPE).  
Materials and methods: we conducted a study on etiology, epidemiology, mechanism, risk, and length of hospital stay 
in PINCPE. A PubMed search using terms: poisoning and non-cardiogenic pulmonary edema. From 1986 to 2017, a total 
of 15 articles with 16 cases (2 cases in one article) were included. Cut-off value of mean age was used for classifi cation 
of subjects into younger group and older group, and length of stay (LOS) was compared between the two groups. 
Results: the age range of the patients was 7 to 72 years, and the average age (mean ± SD [standard deviation]) was 
35.7±19.5 years. Among the reported substances in PINCPE, calcium channel blockers (CCBs) were most frequently used 
(n=8; 50%). In electrocardiogram (ECG), sinus tachycardia (n=8; 50%) was the most common fi nding. The overall rate of 
intubation with mechanical ventilator support was 81.3%. The mortality rate was 12.5%. Among patients with PINCPE, LOS 
was signifi cantly shorter in the younger group aged <35.7 years than in the older group (5.7 vs. 8.9; p=.022).
Conclusion: CCB was the most common etiologic agent in PINCPE. Up to 81.3% of PINCPE cases required intubation 
with ventilator support due to respiratory failure. LOS may increase 3.2 days if the case is complicated with extra-
pulmonary organ failure.
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Abbreviations

ABG ......................  Arterial blood gas
ADHF ....................  Acute decompensated heart failure
AMS  .....................  Altered mental status
BNP  .....................  B-type natriuretic peptide
CCB  .....................  Calcium channel blocker
CI  .........................  Confi dence interval
CNS  .....................  Central nerve system
DBP  .....................  Diastolic blood pressure 
ECG  .....................  Electrocardiogram
HR  .......................  Heart rate 
ICU  ......................  ntensive care unit
LOS  .....................  Length of stay
MAP  .....................  Mean arterial pressure
MD  .......................  Mean difference
MDMA  ..................  3,4-methylenedioxy-methamphetamine
MOF  .....................  Multiorgan failure

NT-proBNP ...........  N-terminal proBNP
PEEP  ...................  Positive end expiratory pressure
PINCPE  ...............  Poisoning induced non-cardiogenic
  pulmonary edema
RR  .......................  Respiratory rate
SBP  .....................  Systolic blood pressure

Introduction

Pulmonary edema results from a shift of excessive fl uid into 
the alveoli space due to alteration in the balance between 
various Starling’s forces, and is clinically classifi ed into 
cardiogenic or non-cardiogenic based on pathophysiology. 
In non-cardiogenic pulmonary edema, medications or 
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Statistical analysis
The subjects were classifi ed into younger group and older 
group using the cut-off value of mean age, and LOS was 
compared between the two age groups. 
Statistical analyses were conducted using IBM Statistical 
Package for the Social Sciences (SPSS) software (version 
25 (International Business Machines Corp., New York, 
USA). Independent sample t-test was used for comparisons 
between the two groups. The number of patients, means, 
and standard deviations were pooled to calculate the effect 
size, MD, and 95% CI. Statistical signifi cance was set at 
p-value <0.05. 

Results 

General data of 16 PINCPE cases enrolled are shown in Table 
1. Cases in the US (25%), Turkey (18.75%), UK (12.5%), 
India (12.5%), Greece (12.5%), France (6.25%), Germany 
(6.25%), and Denmark (6.25%) were noted. The age range 
was from 7 to 72 years with mean ± SD (standard deviation) 
of 35.7±19.5 years. Male sex was predominant (n = 10). 
Among the reported substances in PINCPE, CCBs were most 
common (n=8, 50%), followed in decreasing order by MDMA 
(n=1; 6.25%), methadone (n=1; 6.25%), methaqualone (n=1; 
6.25%), organophosphate (n=1; 6.25%), sodium azide (n=1; 
6.25%), salicylate acid (n=1; 6.25%), anti-snake venom serum 
(n=1; 6.25%), and ethylene glycol (n=1; 6.25%). The range of 
SBP was from 58 to 179 mmHg, with mean ± SD of 99.4±44.4 
mmHg. The range of DBP was from 30 to 100 mmHg, with 
mean ± SD of 56.7±23.7 mmHg. In electrocardiogram (ECG), 
sinus tachycardia (n=8; 50%) was the most common fi nding, 
followed by sinus bradycardia and normal sinus rhythm (n=2; 
12.5%). The overall rate of intubation with mechanical ventilator 
support was 81.3% (n=13), and the mortality rate was 12.5%. 
Among all cases of PINCPE, the average LOS was 7.1±3.6 
days. All PINCPE cases were classifi ed according to mean age 
of > or <35.7 years. Relative shorter LOS was observed in the 
younger group (age <35.7 years), with signifi cance (5.7 vs. 8.9; 
p=.022). The heart rate in male patients of poisoning induced 
non-cardiogenic pulmonary edema is signifi cantly fast than 
female patients (Figure 2 and Table 2). No statistical difference in 
terms of SBP, DBP, HR and MAP was observed. The relationship 
between blood pressures and age is showed in Figure 3.

Discussion

Pulmonary edema is characterized by excessive 
accumulation of fl uid in the extravascular compartments 

illicit drugs are the common etiological agents [1]. A study 
enrolling 241 patients with pulmonary complications after 
heroin use reported that pulmonary edema is one of the 
major complications in 24 patients (10%) [2]. Another 
retrospective study enrolling 149 patients with AMS with 
depressed respiratory status after heroin use reported that 
pulmonary edema was confi rmed in 71 patients (48%) [3]. 
Multiple mechanisms implicated in drug-induced pulmonary 
edema include inhibition of prostacyclin synthesis by aspirin, 
and opiate-related mast cell degranulation [4]. Calcium entry 
blockers can cause selective systemic precapillary vasodilation 
with associated peripheral edema, and the lung edema may 
contribute to precapillary vasodilatation resulting in excess 
pulmonary capillary transudate [5, 6]. Pulmonary edema is a 
true medical emergency, and treatment varies according to the 
underlying pathophysiologic mechanisms. This study aimed to 
clarify the mechanism, outcome, and prevention in PINCPE 
through PubMed search of previous published cases reports.

Materials and Methods

Database search
This article was designed as a systematic review on etiology, 
epidemiology, mechanism, risk, and LOS in PINCPE. Since 
no human or animal subjects were involved in the study, 
ethics approval was not required. Electronic search was 
performed in PubMed from January, 1991 to December, 
2018. To maximize sensitivity of the search strategy and 
identify all studies, a combination of terms was used as 
follows: poisoning and non-cardiogenic pulmonary edema. 
From 1986 to 2017, total 36 case reports were retrieved, and 
those were reviewed for further identifi cation of potentially 
relevant studies. All identifi ed articles were systematically 
assessed using inclusion and exclusion criteria as follows.

Selection criteria
In this systematic review, inclusion criteria were as follows: 
toxic substances, patient’s sex, age (years), comorbidity, 
toxidrome, blood pressure (mmHg) at the time of PINCPE, 
pulmonary capillary wedge pressure (mmHg), heart rate 
(beats per minute), electrocardiogram, echocardiogram 
results, with or without intubation, and length of hospital 
stay. All data were extracted from the text, tables, and 
fi gures of each article. Reviews and articles without detailed 
case report, and laboratory data were excluded. The fl ow 
diagram of the article screening process is shown in Figure 
1. In the initial literature search of PubMed, 36 articles were 
identifi ed, and of those, 21 articles were excluded based on 
the selection criteria. Finally, a total of 15 articles with 16 
cases (2 cases in one article) were included.
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of the lungs due to pathophysiologies including increased 
hydrostatic pressure gradient across the capillary wall, 
diminished osmotic pressure gradient, and increased 
capillary permeability. In cardiogenic pulmonary edema, 
high pulmonary capillary pressure affects the fl ow of fl uid; 
whereas, in non-cardiogenic pulmonary edema, damage and 
leakage of the alveolar-capillary membrane allows increased 
movement of water and proteins from the intravascular 
space to the interstitial space. The difference of mechanisms 
contribute to the result of interstitial protein concentration 
<45 % compared to the plasma value, and >60% in cases of 
non-cardiogenic pulmonary edema [7].
Many clinicians distinguish PINCPE from cardiogenic 
pulmonary edema based on clinical evaluation, plasma BNP or 
NT-proBNP, with or without trans-thoracic echocardiography 
to confi rm or exclude pulmonary edema. The response 
to diuresis can confi rm the diagnosis of cardiogenic lung 
edema retrospectively. In addition, the fi ndings of a third 
heart sound or murmurs of valvular regurgitation, or aortic 
stenosis suggest suspicious cardiogenic pulmonary edema. 
One observational study reported that plasma BNP level 
<100 pg/mL was an effective diagnostic tool in ARDS with 
a sensitivity and specifi city of 27 and 95%, respectively [8]. 
However, those studies have a disadvantage of non-specifi c 
fi ndings. For example, acute heart failure could also be 
caused by ARDS in case of septic shock, and conversely, 
volume overloading without cardiogenic factors could lead to 
pulmonary edema. Patients with non-cardiogenic pulmonary 
edema require long-term ventilator support with higher 
fraction of inspiration oxygen by combined PEEP support, 
as compared to those with cardiogenic type [9]. In our study, 
up to 81.3% of PINCPE cases required intubation with 
mechanical ventilator support due to respiratory failure.
In the comparison of images, chest radiograph in case of 
cardiogenic pulmonary edema revealed cardiomegaly 
with fl uffy air-space opacities in both the central and 
peripheral lungs, patchy distribution of edema while that 
in non-cardiogenic pulmonary edema revealed peripheral 
distribution of edema and absence of cardiomegaly [10, 11].
The major causes of non-cardiogenic pulmonary edema 
include ARDS, high altitude, and neurogenic pulmonary 
edema; whereas, opioid overdose, pulmonary embolism, 
eclampsia, and transfusion-related acute lung injury are 
considered as less common causes of pulmonary edema 
[12]. PINCPE is a relatively rare form of ARDS; nevertheless, 
more than 350 drugs have capability to damage the lung 
parenchyma, airways, pulmonary circulation, pleura, 
mediastinum, lymph nodes, and neuromuscular system [13].
Hypertension is a common condition in cardiogenic and 
non-cardiogenic pulmonary edema and develops through 
various mechanistic pathways: chronic dysregulation of the 
autonomic nervous system in cardiogenic pulmonary edema, 

and massive adrenergic discharge due to direct stimulation 
of the central nervous system centers in PINCPE. During 
massive surges in the catecholamine level, the blood 
volume is shifted from the systemic to pulmonary circulation 
which causes secondary elevation of the left atrial and 
pulmonary capillary pressures, and consequently, systemic 
hypertension and pulmonary edema. Norepinephrine and 
epinephrine are contributing factors for release of secondary 
mediators (endorphins, histamine, bradykinin) that can 
cause brain injury and autonomic dysfunction [14].
The mechanism of PINCPE remains unclear. Thompson et al. 
proposed that drug overdose is a potential risk factor for PINCPE, 
such as opioid overdose, salicylate, and calcium channel 
blocker toxicity [15-19]. Moreover, the mechanism may involve 
interruption in the balance of prostacyclin synthesis and the 
cell membrane of the mast cells [4]. The change of hydrostatic 
forces disrupts the vascular osmotic and oncotic pressure, 
and compromises the epithelial integrity of the lung alveoli, 
which increases the interstitial fl ow of the lymphatic system, 
and pulmonary pressure. As compared to edematous fl uid in 
pulmonary edema, pulmonary fl uid in PINCPE may contain a 
higher amount of protein then in cardiogenic pulmonary edema 
[20]. In our study, CCBs causing PINCPE included amlodipine, 
verapamil and diltiazem, which act by blocking the fl ow of 
calcium at the level of the cell membrane in the cardiovascular 
system. Overdose of CCBs may increase prostacyclin synthesis 
in the vascular system causing precapillary vasodilation and 
excessive transudation in the pulmonary capillaries [6]. In cases 
of PINCPE, although we observed both atrioventricular block 
and bradycardia, ECG mainly indicated sinus tachycardia (50%).
With regard to primary physiologic effects, amlodipine, a 
dihydropyridine type of CCB, reduces the rate of cardiac 
contraction and conduction by targeting the L-type 
channel and therefore, is useful in anti-hypertension 
treatment. However, overdose with dihydropyridine CCB is 
characterized by responsive tachycardia and strong positive 
inotropic effect due to drug properties of strong vascular 
selectivity and vasodilatory action.
Verapamil and diltiazem, members of the non-dihydropyridine 
class of CCB act at the level of both the myocardium and 
vascular membrane, but target the myocardium more 
selectively than the dihydropyridine type CCB. Verapamil 
and diltiazem are highly lipophilic agents that cause 
precapillary peripheral vasodilatation and decrease of 
cardiac contractility, which results in excess transudate in 
the capillaries of the lungs [6]. 
Hengameh H. et al. reported that narcotic analgesics, such as 
heroin, morphine, methadone, and meperidine are the most 
common drugs causing PINCPE [6]. In general, fatality cases 
due to heroin overdose present PINCPE as the main pathologic 
fi nding. Narcotic agents may increase permeability of the 
pulmonary capillaries and lower the left atrial pressure, which 
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can cause progression to coma due to hypoxemia. However, 
clinicians should be aware that the patient may not present 
typical clinical features of sedative toxidrome [20, 21]. Cooper 
et al. reported that the mechanism of PINCPE due to narcotic 
use may be similar to that of neurogenic pulmonary edema due 
to high sympathetic discharge [4]. PINCPE caused by overdose 
of salicylate and MDMA may involve the same mechanism as 
that of narcotic agent of over-production of catecholamine and 
adverse effects in the CNS and hypothalamus. Further venous 
return and hypoxemia cause pulmonary capillary constriction 
and loss of integrity of the vascular endothelium in the 
pulmonary system which results in PINCPE [14, 22]. Patients 
with PINCPE due to MDMA use may present elevated systemic 
blood pressure, and bradycardia refl ex due to increase in 
interstitial fl uid and alveolar transudate with capillary damage, 
which lead to hypoxemia by direct action of MDMA [22].
In our study, the younger group of <35.7 years achieved 
shorter LOS than the older group (5.7±1.7 vs 8.9±3.2; 
p=0.022), which may be due to the fact that LOS was 
prolonged in two of three cases with severe complication 
after intoxication in the older age group [23, 24]; the fi rst 
case experienced severe metabolic acidosis and underwent 
treatment by emergent hemodialysis for 15 days, and 
the second case progressed to MOF after ingestion of 
organophosphate and expired 12 days later in the ICU. With 
regard to prognosis, PINCPE cases showed a mortality rate 
of 12.5%, which is within the range of intra-hospital mortality 
rate of 2.1% to 21.9% in 32229 hospitalized patients with 
ADHF in a previous report [25]. 

Conclusion

CCB was the most common agent causing PINCPE. 
Up to 81.3% of PINCPE cases required intubation with 

mechanical ventilator support due to respiratory failure. 
Sinus tachycardia was the most common ECG fi nding 
(50%). LOS may increase 3.2 days in older group aged 
≥35.7 years, if the case is complicated with extra-pulmonary 
organ failure.

Limitations
Our study has some limitations. First, retrospective search 
of PubMed database may cause bias in sampling due to 
under-reported cases worldwide. Second, relatively small 
number of cases were enrolled which may cause diffi culty in 
the normal distribution of data. Study including large number 
of cases of PINCPE are required to confi rm the result of the 
present study. 

Acknowledgements

We all thank Mr. Yi-Yo Shih in Shionogi’s and Editage 
company for providing language help.

Author contributions
Hsu C.C. Lin N.H., Yang H.W.: Data curation, writing – 
original draft preparation.
Su Y.J.: Conceptualization, methodology, formal analysis, 
writing – reviewing and editing.

Confl ict of Interest Statement

None declared.
Funding source: This research did not receive any specifi c 
grant from funding agencies in the public, commercial, or 
not-for-profi t sectors.

References

1.  Ware LB, Matthay MA. Clinical practice. Acute pulmonary 
edema. N Engl J Med. 2005;353(26):2788–96. https://doi.
org/10.1056/NEJMcp052699

2.  Gottlieb LS, Boylen TC. Pulmonary complications of drug abuse. 
West J Med. 1974;120:8–16.

3.  Duberstein JL, Kaufman DM. A clinical study of an epidemic 
of heroin intoxication and heroin-induced pulmonary edema. 
Am J Med. 1971;51(6):704–14. https://doi.org/10.1016/0002-
9343(71)90298-1

4.  Cooper JA Jr, White DA, Matthay RA. Drug-induced pulmo-
nary disease. Part 2: Noncytotoxic drugs. Am Rev Respir Dis. 
1986;133(3):488–505. 

5.  Low RI, Takeda P, Mason DT, DeMaria AN. The effects of calcium 
channel blocking agents on cardiovascular function. Am J Cardiol. 
1982;49(3):547–53. https://doi.org/10.1016/S0002-9149(82)80010-6

6.  Humbert VH Jr, Munn NJ, Hawkins RF. Noncardiogenic pulmo-
nary edema complicating massive diltiazem overdose. Chest. 
1991;99:258–9. https://doi.org/10.1378/chest.99.1.258



114

Medical University

7.  Fein A, Grossman RF, Jones JG, Overland E, Pitts L, Murray JF, 
et al. The value of edema fl uid protein measurement in patients 
with pulmonary edema. Am J Med. 1979;67(1):32–8. https://doi.
org/10.1016/0002-9343(79)90066-4

8.  Levitt JE, Vinayak AG, Gehlbach BK, Pohlman A, Van Cleve W, 
Hall JB, et al. Diagnostic utility of B-type natriuretic peptide in 
critically ill patients with pulmonary edema: a prospective cohort 
study. Crit Care. 2008;12(1):R3. https://doi.org/10.1186/cc6764

9.  Sibbald WJ, Cunningham DR, Chin DN. Non-cardiac or cardiac 
pulmonary edema? A practical approach to clinical differentia-
tion in critically ill patients. Chest. 1983;84(4):452–61. https://
doi.org/10.1378/chest.84.4.452

10.  Belice T, Yuce S, Kizilkaya B, Kurt A, Cure E. Noncardiac Pul-
monary Edema induced by Sitagliptin Treatment. J Family Med 
Prim Care. 2014;3(4):456–7. https://doi.org/10.4103/2249-
4863.148149

11.  Dobbe L, Rahman R, Elmassry M, Paz P, Nugent K. Cardio-
genic Pulmonary Edema. Am J Med Sci. 2019;358(6):389–97. 
https://doi.org/10.1016/j.amjms.2019.09.011

12.  Givertz MM, Colucci WS, Braunwald E. Clinical aspects of heart 
failure; pulmonary edema, high-output failure. Zipes DP, Libby 
P, Bonow RO, Braunwald E, editors. Heart disease: a textbook 
of cardiovascular medicine. 7th ed. Philadelphia: Elsevier Saun-
ders; 2004. p. 539.

13.  Camus P, Bonniaud P, Fanton A, Camus C, Baudaun N, Fouch-
er P. Drug-induced and iatrogenic infi ltrative lung disease. Clin 
Chest Med. 2004;25(3):479–519, vi. https://doi.org/10.1016/j.
ccm.2004.05.006

14. Yuklyaeva N, Chaudhary A, Gorantla R, Bischof E. Salicylate-in-
duced pulmonary edema – a near-miss diagnosis. Am J Emerg Med. 
2014;32(5):490.e5–6. https://doi.org/10.1016/j.ajem.2013.11.021

15. Thompson BT, Chambers RC, Liu KD. Acute Respiratory Dis-
tress Syndrome. N Engl J Med. 2017;377(6):562–72. https://doi.
org/10.1056/NEJMra1608077

16. Clark SB, Soos MP. Noncardiogenic Pulmonary Edema. Stat-
Pearls [Internet]. Treasure Island (FL): StatPearls Publishing; 

2020. [cited 2020 Oct 12]. Available from: https://www.ncbi.nlm.
nih.gov/books/NBK542230/

17. Sporer KA, Dorn E. Heroin-related noncardiogenic pulmonary 
edema: a case series. Chest. 2001;120(5):1628–32. https://doi.
org/10.1378/chest.120.5.1628

18. Sporer KA. Acute heroin overdose. Ann Intern Med. 
1999;130(7):584–90. https://doi.org/10.7326/0003-4819-130-7-
199904060-00019

19. Siddiqi TA, Hill J, Huckleberry Y, Parthasarathy S. Non-cardio-
genic pulmonary edema and life-threatening shock due to cal-
cium channel blocker overdose: a case report and clinical re-
view. Respir Care. 2014;59(2):e15–21. https://doi.org/10.4187/
respcare.02244

20. Keaney NP. Respiratory disorders. Davies DM, Ferner RE, 
Glanville H de, editors. Textbook of Adverse Drug Reactions. 
5th ed. New York: Chapman & Hall Medical; 1998. p. 202–23. 

21. Kakouros NS, Kakouros SN. Clinical Assessment in Acute Heart 
Failure. Hellenic J Cardiol. 2015;56(4):285–301.

22. Thakkar A, Parekh K, El Hachem K, Mohanraj EM. A Case of 
MDMA-Associated Cerebral and Pulmonary Edema Requiring 
ECMO. Case Rep Crit Care. 2017;2017:6417012. https://doi.
org/10.1155/2017/6417012

23. Bauer P, Weber M, Mur JM, Protois JC, Bollaert PE, Condi A, 
et al. Transient non-cardiogenic pulmonary edema following 
massive ingestion of ethylene glycol butyl ether. Intensive Care 
Med. 1992;18(4):250–1. https://doi.org/10.1007/BF01709843

24. Betrosian A, Balla M, Kafi ri G, Kofi nas G, Makri R, Kakouri 
A. Multiple systems organ failure from organophosphate poi-
soning. J Toxicol Clin Toxicol. 1995;33(3):257–60. https://doi.
org/10.3109/15563659509017994

25. Fonarow GC, Adams KF Jr, Abraham WT, Yancy CW, Boscar-
din WJ; ADHERE Scientifi c Advisory Committee, Study Group, 
and Investigators. Risk stratifi cation for in-hospital mortality 
in acutely decompensated heart failure: classifi cation and re-
gression tree analysis. JAMA. 2005;293(5):572–80. https://doi.
org/10.1001/jama.293.5.572



115

Medical University

Figures

Figure 1. Process of case enrollment
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Figure 2. Relationship between length of stay and age in poisoning induced non-cardiogenic pulmonary edema  

Figure 3. Fluctuations of blood pressures to age relationship in non-cardiogenic lung edema cases
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Table 1. General data of 16 cases of poison induced non-cardiogenic pulmonary edema enrolled in the study

SEX (N, %) Male (10, 62.5%); Female (6, 37.5%)

ELDERLY (N, %) (2, 12.5%)

AGE (YEARS) 35.7±19.5

SYSTOLIC BLOOD PRESSURE (MMHG) 99.4±44.4

DIASTOLIC BLOOD PRESSURE (MMHG) 56.7±23.7

HEART RATE (BEATS/MIN) 87.9±34.4

ECG (N, %)

Sinus tachycardia (8, 50%)

Sinus bradycardia (2, 12.5%)

Normal sinus rhythm (2, 12.5%)

First degree AVB (1, 6.25%)

Third degree AVB (1, 6.25%)

Not available (2, 12.5%)

TOXIDROME-SUBSTANCE (N, %)

  SYMPATHOLYTIC CCB (8, 50%)

  SYMPATHOMIMETIC MDMA (1, 6.25%)

  SEDATIVE-OPIOID Methadone (1, 6.25%)

  SEDATIVE-HYPNOTIC Methaqualone (1, 6.25%)

  CHOLINERGIC Organophosphate (1, 6.25%)

  ASPHYXIANT Sodium azide (1, 6.25%)

  MISCELLANEOUS Salicylate acid (1, 6.25%)

Anti-snake venom serum (1, 6.25%)

Ethylene glycol (1, 6.25%)

INTUBATION WITH MV SUPPORT (N, %) (13, 81.3%)

LOS (DAYS) 7.1±3.6

MORTALITY (N, %) (2, 12.5%)

AVB = Atrioventricular block; 
ECG = Electrocardiogram; 
LOS = Length of stay; 
MV = Mechanical ventilator; 
CCB = Calcium channel blocker; 
MDMA = 3,4-methylenedioxy-methamphetamine. 

Tables
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Table 2. Distributions of the blood pressure, heart rate, and length of stay according to the age group.

AGE (y) Two-tailed p-value

All ≥35.7 <35.7

Mean±SD (N) Mean±SD (N) Mean±SD (N)

SBP (mmHg) 99.4±44.4 (16) 104.9±55.1 (7) 95.1±37.1 (9) 0.679

DBP (mmHg) 56.7±23.7 (16) 58.7±27.6 (7) 55.1±21.7 (9) 0.774

MAP (mmHg) 71.1±30 74.3±36.4 (7) 68.6±26.1 (9) 0.719

HR (beats/min) 87.9±34.4 (16) 92.4±31.8 (7) 84.4±37.8 (9) 0.661

LOS (days) 7.1±3.6 (11) 8.9±3.2 (3) 5.7±1.7 (8) 0.022*

All Male Female p-value

SBP (mmHg) 99.4±44.4 (16) 110.1±50.5 81.5±26.7 0.313

DBP (mmHg) 56.7±23.7 (16) 62±25.2 47.8±19.6 0.263

MAP (mmHg) 71.1±30 78.2±33.1 59.2±21.5 0.263

HR (beats/min) 87.9±34.4 (16) 107.3±23.5 55.7±23.6 0.002*

LOS (days) 7.1±3.6 (11) 7.8± 5.3±0.6 0.194

Due to small number of enrolled cases, Mann-Whitney U test was used for comparisons in mean age and gender. 

SBP = Systolic blood pressure; 

DBP = Diastolic blood pressure; 

MBP = Mean blood pressure; 

HR = Heart rate; 

LOS = Length of stay.

N= available case number

*indicates reaching statistical difference. 
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Abstract
Introduction: Currently, the Doctor-Patient relationship of all cultures and societies is in crisis due to the distrust 
that has arisen in this social contract. This distrust origins from various changes that have occurred worldwide. We, 
as doctors, can contribute to solving this crisis, reaffi rming the values that integrate medical professionalism. In the 
absence of specifi c studies and programmes on medical professionalism in Spanish universities, we consider knowing 
the perception of medical professionalism by medical students at the University of Murcia essential to see if there is a 
need to introduce educational improvements in our faculty. 
Methods: A professionalism questionnaire from the Penn State University School of Medicine (PSCOM) was provided 
online, voluntarily and anonymously to all students of the Medicine degree of the University of Murcia. 
Results: The perception of professionalism in students was high, since all categories have more than 75% positive 
responses on average. The categories of Respect and Altruism were the best rated. On the other hand, there is a slight 
increase in negative responses as students progress through the degree. Between sexes, however, there were no 
differences in the criteria. 
Conclusions: Although the perception of professionalism is good, it is still a perception, so it should reach values closer 
to 100%. Therefore, the faculty is encouraged to carry out specifi c programmes to promote medical professionalism in 
the degree courses.

Keywords
Medical education • Medical ethics • Medical professionalism • Medicine students • Education in professionalism

Medical University

119

Introduction

The practice of Medicine is currently facing a crisis, in all 
cultures and societies, that threatens its principles and 
deteriorates the doctor-patient and medicine-society 
relationships. An increased demand for services, fewer 
physicians providing comprehensive coordinated services, 
an aging population with more chronic disease and the 
privatization of medical services, among others, threaten the 
provision of altruistic care. As a consequence of this crisis, the 
social contract that Medicine has with the society is at risk [1]. 
For many, the only solution is in medical professionalism, in 
which doctors reaffi rm their active vocation for the principles 
of professionalism [2]. Professionalism is essential in medical 
practice. It is the basis on which the relationship with both 
the patient and the society is built. As many studies have 
shown [3], its proper application has led to improvements 
in doctor-patient and doctor-society relationships, patient 
satisfaction has increased, professional satisfaction in 

healthcare professionals has increased, and healthcare 
has become more effective and effi cient.
Since professionalism is a complex and multidimensional 
social construction, there is no universally accepted 
defi nition. There are authors who affi rm that the beauty 
of professionalism lies precisely in its lack of defi nition, 
because it makes it a fl exible concept that can be applied to 
a wide variety of situations. However, it seems that instead 
of being used fl exibly and applied to solve the crisis of the 
social contract, the lack of defi nition of professionalism 
contributes to the permanence of this crisis [4]. Others think 
that a defi nition is necessary [5] and that it should include its 
interpretation at a specifi c time, place, context and culture. 
Therefore, each place must have its own defi nition of 
medical professionalism changing over time and depending 
on the social and cultural contexts [6]. In addition, it has 
to be a defi nition not elaborated only by the doctors of the 
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University of Murcia. To meet the objective, we have used 
the Professionalism questionnaire from the Penn State 
University School of Medicine (PSCOM), a scale that has 
solid internal validity evidence, being a good tool to assess 
professionalism in medical students [12]. In our case, we did 
not use the original version but the adaptation to the Spanish 
language made by Bustamante and Sanabria [13], with 
minimal changes to adapt it to Spanish from Spain (Table 1). 
It consists of 6 blocks, each of which presents 6 attitudes that 
represent an element of medical professionalism defi ned by 
ABIM, namely: responsibility, altruism, service, excellence, 
honesty and integrity, and respect [12]. Firstly, the respondents 
were asked to order the attitudes according to the frequency 
of their compliance with these attitudes (5-point Likert 
scale: “Never, Little, Sometimes, Frequently, and Always”). 
Secondly, the respondents were asked to put the attitudes 
in order of importance (with 1 being the attitude considered 
most important of the block and 6 the least important) [11]. 
The survey was conducted online in February 2019 through 
a Google form sent by email to all Medicine students at the 
University of Murcia, of the six years of study. Participation 
was voluntary and anonymous. In order to analyse the 
collected data, the following procedure was performed. 
Firstly, we converted the answers given to different questions 
on the Likert scale into numerical data to allow for carrying 
out descriptive statistics (Never = 0, Little = 1, Sometimes 
= 2, Frequently = 3, Always = 4). After calculating the 
descriptive statistics, it was observed that the data did not 
follow a normal distribution. In view of this, the vast majority 
of the statistics were carried out with non-parametric tests. To 
compare the categories between the courses, the Kruskal-
Wallis test was used. And to compare the categories within 
each course, we used the Friedman test. In the same way, 
the Mann-Whitney test was used to compare categories 
between sexes. 
Secondly, the data was grouped into negative and positive 
responses. For this, a recategorisation was made, assigning 
the responses “never”, “little” and “sometimes” as negative, 
and the responses “frequently” and “always” as positive. 
Finally, a linear regression analysis was performed to analyse 
the relationship between positive-negative responses and 
years of study.

Results

The number of survey participants was 179 out of a total 
of 1,200 offi cially enrolled students (15.25%). Of those 179, 
69 were men (38.54%) and the rest (61.46%) were women. 
Cronbach’s alpha for each category was greater than 0.70, 
indicating a high internal consistency and reliability of the 
survey. The global alpha was 0.78 ± 0.02.

area, but also by the rest of the health personnel, patients 
and medical students. Currently, the most conventional 
defi nition of professionalism is the one provided by the 
“Medical Professionalism Project” carried out by the European 
Federation of Internal Medicine, the ACP-ASIM Foundation 
(American College of Physicians-American Society of Internal 
Medicine) and the ABIM Foundation (American Committee of 
Internal Medicine). This defi nition includes three fundamental 
principles and a compendium of ten commitments (duties and 
obligations) that the doctor undertakes to fulfi l before himself, 
the patient and the society [2]. Its fundamental principles are 
the “Principle of primacy of patient well-being”, the “Principle 
of patient autonomy” and the “Principle of social justice”. In 
Spain, the General Council of Medical Colleges (CGCOM) 
approved a defi nition aimed not only at Spanish doctors, but 
also at medical students [7] on which other Spanish authors 
have published interesting studies [8, 9].
Medical students, as part of the society and part of the 
medical team in clinical practices, have also experienced 
the causes and consequences of the crisis of the social 
contract between Medicine and Society. Papadakis et al. [10] 
published a study showing that inappropriate professional 
behaviours for which some doctors were reported consisted 
with the same behaviours that these doctors had had 
during their training in the faculty. It seems therefore that 
it is insuffi cient for the student to acquire by osmosis the 
principles that the professional shows them during their 
practices (hidden curriculum). This passive form of learning is 
not enough for the student to learn professionalism correctly 
[11]. In addition, there is no consensus on a theoretical and 
practical model of this to integrate it into medical education 
[5] since although professionalism is one of the most diffi cult 
skills to defi ne, teach and evaluate, it is also true that we do 
not give it adequate attention, being good proof of this both 
the lack of commented consensus and the limited number 
of investigations for its application in medical teaching [6]. 
Unfortunately, there are no studies that show what Spanish 
medical students think about medical professionalism.
In an attempt to contribute to remediating the defi ciencies 
described, we set out to analyse the perception of 
medical professionalism by medical students at one of our 
universities. The results will be compared with those of other 
countries as well as analysing whether it is necessary to 
establish new measures in order to make improvements in 
medical education in our setting.

Methods

The study was conducted as a cross-sectional study and it 
was approved by the Research Ethics Committee of the 



Figure 1. Percentage of answers to the survey questions in every course

Figure 2. Mean percentage of professionalism categories in every course
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Although in almost all the comparisons between the courses 
there were signifi cant differences, they were between very 
close values, such as 4.3 and 4.5. This is most likely due 
to a relatively large sample and, therefore, when there are 
minimal differences, statistical tests characterise them as 
signifi cant. These differences can be better understood by 
looking at the graphically represented responses (Figure 1). 

Secondly, there were no differences between sexes. There 
was also a slight tendency to evaluate the categories in the 
upper grades worse (the six-year students evaluated the 
categories worse than those in the fi rst year). As it is shown 
in Figure 2, the percentage of positive responses obtained 
in relation to the maximum possible (100%) was quite high, 
going from practically 75% upwards in all categories.



Figure 3. Percentage of negative answers by category and course

Figure 4. Linear regression of positive and negative answers
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Figure 3 shows the percentage of negative responses 
obtained by category and course. As we can see, the sixth 
course was the one that presented the most negative 
responses in all domains, except in two of them, Altruism 
and Respect. On the other hand, the fi rst course was the one 
with the least negative responses, except for Responsibility, 
Altruism and Honour and Integrity. However, we observed 
that the number of negative responses was greater in the 
“clinical” courses (4th to 6th), except for the domains of 
Altruism and Respect.
In addition, the Honour and Integrity domain was the one 
that presented the greatest difference in negative responses 

between the “non-clinical” (1st to 3rd) and “clinical” courses, 
being 8.05% higher in the “clinical” compared to the “non-
clinical” stage of medical education. The category that was 
best valued and, therefore, had a higher average of positive 
responses is Respect, with 90.34% of positive responses. 
The least valued category was Excellence with 74.61%. 
Regarding the year of study, the one with the most negative 
responses was the sixth, with an average of 22.59% while 
the course that showed the least negative responses was 
the fi rst one, with an average of 12.64%. The global average 
of the “non-clinical” courses was 15.94% and that of the 
“clinical” courses is 19.03%. 
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Faced with this situation, Blackall et al. validated in 2007 an 
instrument to measure professionalism in medical students, 
the PSCOM scale used in this study [21]. Using the original 
version of this scale in English, various studies have been 
conducted [14, 22, 23]. In these works, differences between 
young and veteran students could be observed. In our 
language, only the aforementioned article by Bustamante and 
Sanabria, in Colombia, who adapted the original to Spanish 
in 2014 [13], can be cited as a reference. In both studies, 
those of these authors and ours, there is a predominance of 
positive responses, so that it could be considered that there 
is a good perception of medical professionalism in medical 
students. The category best valued by both Colombian 
students and those of our faculty is Respect, with an average 
of positive responses of 75.5% for Colombian students [13] 
and 90.08% for those of our university. As we can see, for 
the students of both universities, the most important thing 
is to respect the nature of the patient, his autonomy and his 
confi dentiality.
In the article by Bustamante and Sanabria [13], we can see 
that more negative responses (17.35%) were collected in 
the clinical courses of the degree compared to non-clinical 
courses (15.91%). When analysing each of the domains, they 
observed that all of them had more negative responses in 
the clinical courses, except in the category of Responsibility. 
In our work, we confi rm these data since we have verifi ed 
that there is a positive correlation between the negative 
responses and the course, in such a way that the negative 
responses are greater as the course increases. When we 
look at the number of negative responses per course, we 

Figure 4 shows linear regression, which turned out to be 
statistically signifi cant, between negative responses and 
the grade (negative responses increase with courses and 
positive responses decrease). However, it must be clarifi ed 
that the relationship between variables is small, since the 
correlation coeffi cient is 0.40. This regression confi rms the 
slight tendency that negative responses have to increase 
with the courses and that we have observed in the fi gures 
and tables above. 
Finally, Figures 5 and 6 show the order of importance given 
by the students to the different categories in each of the 
courses. In both men (Figure 6) and women (Figure 7), the 
domain considered most important was Altruism (2.89 in 
men in women) and the least important was Excellence (3.73 
in men and 3.95 in women). 

Discussion

Medical schools often assume that the students who 
enter medical studies improve their ethical values as they 
advance through the courses since they have included 
professionalism in subject competences and, in addition, 
the students learn by imitation of the professionals in clinical 
practices. However, studies carried out for three decades 
demonstrate the opposite, that is, a negative trend in ethical 
progress during the Medicine career [14-17] and some speak 
of the moral principles of the students being “eroded” or lost 
during the stay in the faculty (18-20).

Figure 5. Importance order of categories in women
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Another aspect to take into account is that, through the 
classifi cation of items in order of importance, we have 
observed that the Altruism domain is the most valued of all, 
both by grade and by sex. In the study by Bustamante and 
Sanabria, it is not specifi ed which domain is the best rated 
one, despite the fact that it also uses the scale it measures 
in order of importance, and it does not make a distinction by 
sex as in our study.
In our study, an attempt was made to inquire about this 
question by asking the students in the survey whether 
they had less desire to be doctors in comparison with the 
beginning of their degree. Of the 179 respondents, 35 
students (almost 20%) answered that they had less desire. 
The most frequent reason that students attributed to their 
“lower desire” to be doctors (with 16 responses out of 35) 
was the “bad approach to the degree”, meaning the students 
have too many diffi cult  subjects to master, which makes it 
impossible to learn them properly and to enjoy learning. In 
fact, many emphasised that the university does not teach or 
assess knowledge adequately, commenting that everything 
revolves around theoretical knowledge and that, therefore, 
the degree has become a “process of passing exams” for 
obtaining the diploma. In addition, since the studies last so 
long, a great effort for a long time leads to demotivation and 
even to exhaustion (burnout).
Among the limitations of the present study, we must mention 
the PSCOM scale itself, which measures perception. 
However, carrying out studies based on the measurement of 
student actions is not easy or without risks [3]. The voluntary 
nature of the survey may also suggest that the students who 
respond may be more motivated than those who do not [13]. 

see that the course with the most negative responses is the 
sixth and the least negative is the fi rst. Furthermore, if we 
look at the negative response means, we also see that it is 
higher in clinical courses (19.03% vs 15.93% in non-clinical 
courses). As we can see, the Excellence domain is the one 
with the highest number of negative responses. This means 
that the medical students of Murcia do not think that the most 
important thing in patient care is personal improvement. This 
may be due to their very own experience as students. On 
the other hand, observing the results, we revealed their 
similarities with the results of the research describing the 
perceptions of students from Colombia: the students of our 
faculty also consider participation in the development of 
medical education to be less important. This is observed 
when verifying that one of the items with the most negative 
responses is also “Attend faculty meetings, seminars and 
presentations of student research as a demonstration of 
support” (from the Duty category).
Many authors have wondered about the causes of this 
decrease in ethical values during the stay in the medical 
school [24]. Coulehan, Williams, and Halpern in 2001 
stated that Evidence-Based Medicine is making students 
themselves less emotionally involved with patients [25]. In 
2008 Newton et al [19] explain that it may be due to test 
anxiety, lack of sleep, diffi culties in communicating with 
patients, as well as the creation of interpersonal relationships 
in the hospital. Other authors [26] refl ect on a defi cient role 
of universities to encourage a good ethical response from 
students and the unethical behaviours the students may 
observe in some of their teachers, such as authoritarianism, 
competition for money, prestige, positions of power, etc.

Figure 6. Importance order of categories in men.
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evaluate the learning of professionalism by students and 
check the acquisition of values. Professionals must also be 
adequately trained, that is, the teacher must be trained to 
teach professionalism, especially to apply techniques that 
allow the student to refl ect on what is considered [5].

Conclusion

The perception of medical professionalism that the students 
of the Faculty of Medicine of Murcia have, in general, is 
good, with an average of over 75% of positive responses for 
each category.
There are statistically signifi cant differences between the 
courses, although of little relevance because the median of 
the answers is concentrated in a small numerical interval 
(between 4.3 and 4.5).
A correlation is observed between the negative responses 
and the courses. Although it is not a very high relationship, 
this indicates that clinical courses have more negative 
responses (19.03%) than non-clinical courses (15.93%). 
Some students of our faculty attribute this fact to the “bad 
approach to the career” since they consider that it presents a 
too extensive and diffi cult subject, that is not taught properly 
and that requires a great effort for a long time. This suggests 
that students may feel demotivation and even burnout that 
lead them to value professionalism lower with the passing of 
the courses.
The best valued domain is Respect and the best valued 
category is Altruism. On the other hand, the domain with the 
most negative responses on both scales is Excellence.
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These two aspects would tend to show more positive results 
of professionalism than the real ones. Another limitation is the 
type of study, since we have measured professionalism at a 
certain time (cross-sectional study) and the most appropriate 
would be to carry out a longitudinal study, in order to monitor 
changes in the perception of professionalism [3]. Also, we 
have analyzed the topic in only one of our medical schools in 
Spain. However, we believe that the results and conclusions 
may be valid for the rest of the country due to the uniformity 
of the medical degrees in Spain. Thus, we follow the same 
Medical Degree curriculum, after a mandatory government-
issued national law, the same national professors selection 
methods and hospital dependence of national and autonomic 
health systems; maybe, with only some differences among 
public and private universities. Clearly, it is our intention 
to analyze the perception of professionalism in the rest 
of medical schools in the country, as well as to follow its 
evolution with time.
Finally, despite the fact that the perception of professionalism 
is good, it should not be forgotten that it is only a perception 
and that it should be even closer to 100% values. 
Therefore, the faculty must be encouraged to make specifi c 
programmes to improve professionalism in their students, 
since a good doctor, to be a good professional, must not 
only have theoretical and practical knowledge, but also 
proper ethical values. For this, it would be important to 
make a specifi c defi nition about professionalism or, in any 
case, follow the proposal by CGCOM [7]. It would also be 
interesting to include the teaching of professionalism in the 
programme of all the degree courses, so that it would not 
only be acquired in clinical practice but also theoretically 
known [11]. Regarding clinical practice, more should be 
done to teach professionalism by clinical teachers and 
tutors, as well as instilling the student to refl ect on it in their 
professional experiences. Some authors even say that 
learning is not only “top down”, that is, from doctor to student, 
but also “bottom up”, from student to doctor [5]. Therefore, 
all the non-professional behaviours of the student or the 
doctor that are appreciated in the clinical practice, should 
be reported, in order to be remedied. Finally, teachers must 
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Table 1. Complete PSCOM survey (slightly adapted from Bustamante and Sanabria (13).

1. Responsibility

• Maintains scientifi c standards and bases his/her decisions on scientifi c evidence and experience.

• Works respectfully in collaboration with the team (of peers) for the benefi t of providing better patient care or as a contribution to research

• Participates in corrective action processes against those who fail to meet standards of professional conduct.

• Recognizes his/her own limitations.

• Assumes his/her own personal responsibility in making decisions about patient care.

• Presents information and acts honestly.

2. Altruism

• Maintains doctor-patient relationships without seeking personal fi nancial, privacy or sexual advantage.

• Shows interest in initiating and offering assistance for the professional and personal development of a partner

• Does not seek career advancement at the expense of others

• Manifests compassion.

• Demonstrates empathy.

• Defends the interests of the patient or research subject above personal interest.

3. Duty

• Takes time to review the work of colleagues and provide meaningful and constructive comments and suggestions for improvement.

• Attends faculty meetings, seminars and presentations of student research as a demonstration of support.

• Volunteers her experience and skills for the well-being of the community.

• Demonstrates adaptability in responding to changing needs and priorities.

• Adopts uniform and equitable standards of patient care

• Is committed to implementing cost-effective patient care.

4. Excellence

• Seeks personal improvement.

• Promotes the well-being and development of young teachers.

• Contributes signifi cantly to the teaching mission of the department and the School of Medicine

• Assumes leadership in patient management

• Participates in activities focused on achieving excellence in patient care.

• Responds to constructive criticism by seeking to improve his/her skills in the area being criticized.

5. Honour and integrity

• Transmits information in a consistent, accurate and honest manner.

• Refuses to break its own personal and professional code of conduct.

• Complies with its obligations and commitments in a serious manner.

• Promotes justice within the health care system by demonstrating efforts to eliminate discrimination within the system.

• Report medical or research errors.

• Discloses confl icts of interest in the performance of professional duties and activities.

6. Respect

• Avoid making offensive comments and indelicate or unfair criticism of other classmates.

• Appreciates and respects the diverse nature of research subjects or patients and honors those differences in their work.

• Respects the rights, individuality, and diversity of thought of colleagues and students.

• Respects the autonomy of patients and helps them make informed decisions.

• Your behaviour demonstrates commitment to confi dentiality.

• Dresses professionally and respectfully towards others.

Tables
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Introduction

Clouston syndrome (synonym: hidrotic ectodermal dysplasia) 
is an extremely rare hereditary genetic disorder related to a 
wide array of congenital pathologies – ectodermal dysplasias. 
This disease, as opposed to the anhidrotic form (Christ-
Siemens-Touraine syndrome), is less frequently diagnosed 
in clinical practice and leads to a lower degree of abnormal 
development of ectodermal germ layer derivatives: skin 
cover, hair, perspiratory glands, nails, teeth and other organs 
and systems of ectodermal origin [1-5].
Clouston syndrome is on the list of rare (orphan) diseases. 
This group of nosological entities includes congenital and 
hereditary diseases, the frequency of which does not exceed 
a certain value defi ned by legal acts. Thus, prevalence of 
rare diseases in 10,000 of the population totals 7.5 in the 

USA, 4.0 in Japan, 1.1 in Australia, 5.0 in the EU, 0.18 in 
Great Britain according to normative legal documents of the 
respective countries.
In the Russian Federation (RF), the frequency criterion 
of incidence is defi ned as 10 cases in 100,000 of the 
population according to the Federal Law dated November 
21, 2011 No.323-FZ “On Fundamentals of Healthcare of the 
Citizens in the Russian Federation”. The expected number 
of Clouston syndrome patients (in 1.7mil of newborns) in the 
RF totals 1-2 clinical cases. In the RF, the problem of rare 
disease diagnosis becomes ever more relevant. Therewith, 
practicing physicians are insuffi ciently informed about 
orphan diseases. In educational and scientifi c literature, 
little attention is devoted to the problem of such diseases. 
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Results and Discussion

As the result of the analysis performed with the existing 
scientifi c literatures regarding to the studied topic, a 
theoretical basis of the problem and a system of main 
diagnostic features of Clouston syndrome have been 
formed. This system could be used by dentists of any profi le 
as a diagnostic algorithm.

Historical note
Clouston syndrome was described by H.R. Clouston in 1929 
[8] and named after the author who revealed and described 
the disease. H.R. Clouston analysed 119 clinical cases of 
hidrotic ectodermal dysplasia in a group of French-Canadian 
descent in six generations. Thereafter, he formed the term 
“hidrotic form of ectodermal dysplasia” describing the 
essence of the pathology of this new nosological entity [9]. 
The varied clinical character of Clouston syndrome is 
determined by the level and character of ectodermal germ 
tissue differentiation. The patients with this hereditary 
genetic disease demonstrate severe abnormalities not only 
in dentoalveolar system formation, but in the whole organism 
in general. Symptoms of the hidrotic form of ectodermal 
dysplasia is closely associated with morphological and 
functional impairment of organs and tissues deriving from 
the ectodermal germ layer. A part of such impairments may 
progress asymptomatically including the mineral metabolism 
level.

The algorithm of diagnosis of patients with Clouston syn-
drome
1. Physical development. Intact, short stature, possible 
dwarfi sm (the symptom is not frequent) [1, 3, 5, 10].
2. Intellectual development. Intelligence is intact, possible 
slowness, intellectual defi cit (the symptom is not frequent) 
[1, 3, 5, 10].
3. Genetic aspects of the problem. The classical modern 
concept is that Clouston syndrome as an autosomal 
dominant disease with variable expression (the severity may 
vary  in one or different family). The disease develops from 
mutation in the GJB6 gene coding the ion channels protein 
connexin-30. The GJB6 gene also known as connexin-30 
(gap junction protein beta 6) is located in the centromeric 
part of the long arm of the 13th chromosome in the 13q12.11 
region. Mutations in this gene lead to development of 
autosomal dominant deafness type 3B, autosomal recessive 
deafness type 1B. Different mutations in the same gene 
have led to non-syndromic autosomal dominant deafness 
and development of the syndrome of keratitis-ichthyosis-
deafness (KID) in at least one patient. Other connexin 
genes demonstrate similar variability of mutations: disease 

The factors prohibiting effective solution of orphan disease 
clinical problems are the following: 
1. Low occurrence of orphan diseases and syndrome in 
clinical practice 
2. Diffi culty in diagnosis, lack or unavailability of diagnosis 
verifi cation in the  conditions of actual clinical practice
3. As a rule, late diagnosis of the pathology in an older age 
group, not in the childhood
4. Oftentimes, in over 40% of the clinical cases, erroneous 
diagnosis is established
5. Absence of approved clinical guidelines for treatment 
of orphan disease patients, including such guidelines for 
single-discipline specialists, with absence of continuity 
and complementarity of such guidelines in outpatient and 
inpatient clinical practice
6. Diffi cult social consequences of orphan diseases in 
absence of timely treatment provision
7. Low quality of medical service
8. Insuffi cient awareness of practicing physicians about rare 
diseases [6, 7]. In this context, the issue of diagnosis and 
dental rehabilitation of paediatric patients with Clouston 
syndrome and congenital edentulism is no exception. 
Approved clinical guidelines for practicing physicians 
regarding this problem are absent.
The aim of this study is review of literatures regarding diagnosis 
and treatment procedure for paediatric and adolescent 
patients with Clouston syndrome and demonstration of 
possibilities in minimally invasive orthopaedic dental 
rehabilitation exemplifi ed by a clinical case.

Materials and Methods

Analysis of domestic and foreign scientifi c and educational 
literature devoted to the problem of differentiated approach 
to Clouston syndrome diagnosis and treatment procedures 
including rehabilitation. The search for the literature was 
performed in “Elibrary.ru” and “Web of Science” databases. 
During our investigation of the problem, the following 
trend was revealed: studies related to the syndrome are 
predominantly unsystematic and have the form of clinical 
case report with no relation to practical dentistry. 
In order to demonstrate possibilities in effective dental 
rehabilitation in the aforementioned context, we present our 
clinical case of orthopaedic dental treatment provided to a 
10-years-old patient with Clouston syndrome and congenital 
edentulism. In our case, the condition of the oral cavity was 
complex and ambiguous with dynamically changing clinical 
picture. We also provide long-term data of the patient follow 
up within the duration of 10 years.
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combinations (e.g. connexin-31 gene (GJB3) mutations) may 
lead to either variable erythrokeratodermia or later onset 
of autosomal deafness [11-20]. According to other data, 
inheritance of the pathologic gene is conducted through 
any autosome. Clinical manifestations of the disease are 
pronounced both in homozygous and heterozygous state 
i.e. complete penetrance (always in all cases). [1, 3, 10]. 
Inheritance type – the autosomal inheritance type was 
described by H. Clouston (1929) [8, 9], the autosomal 
dominant inheritance was fi rst revealed by R.B. Lowrey et 
al. (1966) in Canadian families of French descent [16, 21] 
and later by J.S. Giansani et al. (1974) [22]. Male and female 
patients suffer from the disease with equal frequency and 
severity (gender ratio of M1:F1). Occurrence rate in the 
population has not been revealed [6, 7].
4. Skin cover condition. Decrease in the number of 
perspiratory and sebaceous glands (the perspiratory and 
sebaceous glands). The number of perspiratory glands 
is decreased insignifi cantly, their morphological structure 
shows no signifi cant changes. In a number of cases, 
there is progressing hyperkeratosis of palms and feet – 
overgrowth of the horny layer of skin (diffuse papillomatous 
hyperkeratosis of palms and feet, usually in the pressure 
points), hyperpigmentation of skin – excess pigmentation 
on skin over joints (especially in major joint areas), nipples, 
axillary cavities and pubis [1, 3, 5, 10, 23-30]. 
5. Head hair, facial hair and body hair condition.  Head hair 
is hard and dull hair with increased fragility (hypotrichosis). 
Alopecia lesions are frequently visualised. Such symptoms 
progress over age leading to full (total) hair loss in both male 
and female patients. Analogical impairment is observed 
in overall facial and body hair. Histological examination 
of skin reveals insignifi cant epidermal atrophy, lack or 
underdevelopment of hair follicles. Electron microscopy of 
the hair shaft reveals disorganisation of hair fi brils and hair 
cortex layer thickness loss  [1, 3, 5, 10, 23, 26-29, 31-33].
6. Nail condition. Nail pathology is characterised by dystrophy, 
hypoplasia and aplasia against the background of paronychia 
in the most severe cases. Infant and young children’s nail 
plates have milk-white colour. With increasing age, they 
gradually thicken and become dystrophic. Adult patients’ nail 
plates are thick, short, grow slowly and are distally separate 
from the nail bed. This creates painful sensation in a number 
of cases. There are clinical cases with protuberant nails. The 
severity of nail impairment in the patient may vary. There are 
cases of anonychia [1, 3, 5, 10, 12, 24,26-29].
7. Ophthalmological symptoms. Strabismus (crossed eyes), 
cataract (the symptoms are not frequent) [1, 3, 5, 10].
8. Otological symptoms. Neurosensory deafness (the 
symptom is not frequent) [1, 3, 5, 10].
9. Dental symptoms. A characteristic clinical feature  is 
multiple dental caries, hypodontia – congenital absence of 

less than 6 teeth. Usually, second maxillary incisors and all 
mandibular incisors are absent. there is mosaic absence 
of premolars and less often there are clinical cases with 
absence of the whole group of molars. Teeth form anomaly 
is characteristic to the diagnosis (conoid teeth, Hutchinson’s, 
Fournier’s, Turner’s teeth). Microdontia is intrinsic as well [1-
3, 5, 10, 12, 23, 34, 35,].
Quite an original and high-quality research on the problem 
of Clouston syndrome was performed by M.A. Kolesov in 
2006. We consider the scientifi c data obtained of great 
importance in the context of this paper from the standpoint 
of clinical practice. Thus, we will take the liberty to present 
the results of the mentioned work below, according to the 
original source [34].

Inheritance types in patients with the hidrotic form of ec-
todermal dysplasia
According to the results of medical genetic counseling for 
patients with the hidrotic form of ectodermal dysplasia, 
the autosomal dominant inheritance type was revealed in 
69.7% cases and the X-linked recessive type in 3.03%. In 
the same number of cases, development of this disease 
was due to de novo mutations as no signs of the anomaly 
were found in the patient’s relatives. In 6.06% cases, the 
inheritance type was not determined clearly according to 
available data on dental and general state of health of the 
proband and their relatives. Presumably, due to absence 
of complete information regarding relatives, among these 
3.03% were with the X-linked recessive of autosomal 
dominant inheritance and 3.03% were associated with de 
novo mutations. The inheritance type was undetermined in 
18.18% of the cases, although clinical examination revealed 
minor symptoms of the hidrotic form of ectodermal dysplasia.
Therefore, the autosomal dominant inheritance type is 
predominant in patients with the hidrotic form of ectodermal 
dysplasia.

Results of phenotypic manifestations analysis for pa-
tients with the hidrotic from of ectodermal dysplasia
Analysis of phenotypic manifestations in patients with the 
hidrotic form of ectodermal dysplasia was performed taking 
into account the phenotypic characteristics of hair, eyebrows, 
nails and skin.
Among the examined patients in this group, the condition 
of the of “hair” characteristic was normal in 17.85% of the 
cases. In the rest of the patients, the characteristics of this 
parameter were: “fair” (64.3%), “fragile” (39.27%), “thin” 
(32.13%), “sparse” (17.85%), “dry” (17.85%) and “soft” 
(10.71%). These patients only had single characteristic 
manifestations in 21.75% of the cases. These were: “fair” 
(8.7%), “fragile” (8.7%) and “soft” (4.35%). At the same 
time, combination of two characteristics was established in 
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39.1% of the cases: “fair-fragile” (17.4%), “fair-thin” (8.7%), 
“fair-sparse” (4.35%), “fair-soft” (4.35%), “fragile-sparse” 
(4.35%). In 34.8% of the cases, the phenotypic parameter 
“hair” had three characteristics: “fair-fragile-dry” (8.7%), 
“fair-fragile-thin” (8.7%), “fair-fragile-soft” (4.35%), “fair-thin-
dry” (4.35%), “fragile-thin-sparse” (4.35%) and “fair-sparse-
dry” (4.35%). In the rest of the cases (4.35%), a combination 
of four characteristics (“fair-thin-sparse-dry”) was observed.
Therefore, the most prevalent and pronounced characteristic 
of the “hair” phenotypic parameter in patients with the hidrotic 
form of ectodermal dysplasia was noted to be “fair” (64.3%). 
Of lower frequency but equal importance were the “fragile” 
(39.27%) and “thin” (32.13%) characteristics. At that, the 
characteristics were obligatorily combined and only 17.85% 
of the cases were considered normal.
The “eyebrows” phenotypic parameter in patients with the 
hidrotic form of ectodermal dysplasia had such characteristics 
as “fair”, “thin” and “sparse” with the following distribution: 
17.85% of the cases featured “fair” eyebrows, 10.71% showed 
“thin” eyebrows and “sparse” eyebrows were observed in 
3.57%  of the cases. It was established that only 17.86% 
of the cases featured the aforementioned characteristics. 
Accordingly, the rest of the examined patients  did not have 
such manifestations in the “eyebrows” phenotypic parameter. 
Manifestation of the characteristics was as follows. In 20% 
of the cases, only the “fair” characteristic was present; a 
combination of two characteristics was present in 60% of 
the cases – “fair-thin” (40%) and “fair-sparse” (20%); in 20% 
of the cases, a combination of all mentioned characteristics 
(“fair-thin-sparse”) was revealed.
Therefore, patients with the hidrotic form of ectodermal 
dysplasia showed normal condition of the “eyebrows” 
phenotypic parameter in 82.14% of the cases. Presence of 
abnormalities was manifested by “fair”, “thin”, and “sparse” 
characteristics with the leading “fair” characteristic (17.85%).
The “nails” phenotypic parameter in patients with the hidrotic 
form of ectodermal dysplasia had such characteristics 
as “fragile” (33.3%), “thin” (22.2%), “chipping” (11.1), 
“hyperplasia” (7.4%) and “aplasia” (3.7%). However, such 
characteristics were only present in 58.15% of the examined 
patients. The characteristics were distributed as follows: 
in 46.15% of the cases, the parameter only featured one 
characteristic: 15.38%  for “fragile”, 15.38% for “hyperplasia”, 
7.69% for “chipping” and 7.69% for “thin”. A combination of 
two characteristics was present in 46.15% of the patients 
with nail impairment: “fragile-thin” (30.77%), “chipping-
fragile” (7.69%) and “fragile-aplasia” (7.69%). The rest of the 
patients showed the triad “chipping-fragile-thin” combination 
of characteristics in this parameter.
Thus, the main deviation of the “nails” phenotypical parameter 
in patients with the hidrotic form of ectodermal dysplasia was 
manifested by increased fragility (33.3% of the cases) and 

this symptom could be combined with “chipping” or “thin” 
characteristics or their combination.
While determining characteristics of the “skin” phenotypical 
parameter in patients with the hidrotic form of ectodermal 
dysplasia, the following criteria were considered 
abnormalities: “fair”, “thin”, “dry”, “hyperkeratosis of feet 
and palms” as well as “hyperpigmentation” and “exudative 
diathesis”. It was noted that no eczemas were present on 
the patients’ skin. Normal condition of the skin was observed 
in 7.14% of the cases. The “skin” phenotypical parameter 
was determined to feature such characteristic as “dry” in 
57.12% of the cases and local lesions of “hyperkeratosis 
of feet and palms” was revealed in 46.41% of the patients. 
“Exudative diathesis” phenomena were observed in 
35.7% of the cases and 28.56% of the patients had “dry” 
skin, while “fair” skin was present in 17.85% of the cases. 
Change of the complexion in  areas of hyperpigmentation 
and depigmentation (including the periorbital region) was 
registered in 14.28% of the cases. Additionally, variants in 
manifestation of this phenotypical parameter were determined 
as well as variants in combinations of such characteristics. 
Thus, singular characteristics revealed in the patients were: 
“dry” (14.28%), “hyperpigmentation” (7.14%) and “exudative 
diathesis” (7.14%). Combinations of two characteristics of 
the “skin” parameter were “hyperkeratosis-dry” (7.14%) 
and “hyperkeratosis-exudative diathesis” (7.14%), “fair-dry” 
(3.57%), “fair-thin” (3.57%) and “fair-hyperpigmentation” 
(3.57%). In all cases of a triad combination, the obligatory 
characteristics of “hyperkeratosis” and “dry” combined 
with “thin” (7.14%), “fair” (3.57%) or “hyperpigmentation”  
(3.57%). Appearance of four characteristics in the “skin” 
parameter was varied as well with obligatory presence of 
such characteristics as “hyperkeratosis” and “thin” in different 
combinations with “fair”, “dry” and “exudative diathesis” 
(3.57% each).
Therefore, the “skin” phenotypical parameter in patients with 
the hidrotic form of ectodermal dysplasia was only normal in 
7.14% of the cases while main deviations were manifested 
by “dry” skin (57.12%) with less frequent “hyperkeratosis” of 
feet and palms (46.41%) and “exudative diathesis” (35.7%). 

Clinico-radiological analysis of patients with the hidrotic 
form of ectodermal dysplasia
Distribution of the number of missing teeth was 52.64% 
in the maxilla and 47.36% in the mandible. Thus, patients 
with the hidrotic form of ectodermal dysplasia lack teeth 
primordia in their maxilla 5.28% more frequently than in the 
mandible. The minimum amount of missing teeth attested 
to one missing tooth primordium and was observed in 
12.12% of the cases. Therewith, the minimum absence of 
tooth was  revealed in both the maxilla (12.12%) and the 
mandible (6.06%). However, in the latter case, it was against 
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the background of one or two absent teeth in the upper jaw. 
The maximum number of missing teeth was 26 and was 
present in 3.03% of the cases. At that, the maximum amount 
of missing maxillary teeth was 12 (6.06%) and 14 mandibular 
teeth (3.03%).
Maxillary teeth of patients with the hidrotic form of ectodermal 
dysplasia are thus more subject to edentulism and the 
quantity of absent teeth may vary from 1 to 26 which attests 
to the edentulism degree of 3.13% to 81.25%. On average, 
edentulism in this group of patients totalled 25.3% and the 
most common number of missing teeth was two (18.75% of 
the cases). Distribution of edentulism prevalence in patients 
with the hidrotic form of ectodermal dysplasia is presented 
in Table 1.
As it follows from the data presented in Table 1, the patients 
with the hidrotic form of ectodermal dysplasia show absence 
of central incisors in 6.88% of the cases while mandibular 
incisors are signifi cantly more likely to be absent (6.07% of 
the cases vs. 0.81% for the maxilla). In contrast, absence 
of maxillary lateral incisors was established to be more 
frequent in comparison with the mandibular ones (18.22% 
and 6.88%, respectively), which in total amounted to 
25.1% of the missing teeth. The canines were only subject 
to edentulism in 4.05% of the cases (1.62% for maxillary 
canines and 2.43% for mandibular canines). Absence of 
fi rst premolars was registered in the same amount of cases 
as that of central incisors (6.88%) and was prevalent in the 
maxilla (4.86%) in comparison with the mandible (2.02%). 
Second premolars and their primordia were absent in 
20.24% of the cases equally in the maxilla and the mandible 
(10.12% each). First molars were only missing  in 1.62% 
of the cases and only in the mandible, while absence of 
maxillary fi rst molars was not found in patients with the 
hidrotic form of ectodermal dysplasia within the framework 
of our study. Absence of second molars was registered in 
7.28% of the cases (3.24% and 4.04% for the maxillary and 
the mandibular, respectively). Third molars were missing in 
27.95% of the cases: 13.77% in  the maxilla and 14.18% in the 
mandible. As a result of clinical and  radiological examination 
of patients with the hidrotic form of ectodermal dysplasia, 
it was revealed that teeth development abnormalities may 
be manifested, apart from edentulism, by microdontia with 
deformation of teeth (conoid shape). Therefore, 3.03% of 

the clinically and radiologically examined patients showed 
microdontia of two lateral incisors of the maxilla and 
presence of the full set of permanent teeth. Edentulism was 
combined with microdontia of one maxillary lateral incisor in 
18.18% of the cases. At that, microdontia of the left maxillary 
lateral incisor was found in 12.12% of the cases while it was 
6.06% for microdontia  of the right maxillary lateral incisor. In 
3.03% of the cases, microdontia of this tooth was combined 
with presence of a supernumerary tooth in this area which 
was confi rmed radiologically.
Hence, it may be concluded that maxillary teeth of patients 
with the hidrotic form of ectodermal dysplasia are more 
subject to edentulism and the quantity of missing teeth 
may vary from 1 to 26, which is 3.13% to 81.25% of their 
normal quantity. On the average, edentulism totalled 25.3% 
in this group of patents and absence of two teeth was most 
common. It was also established that primordia of lateral 
incisors in the maxilla were most commonly missing teeth 
(18.22%) and absence of maxillary central incisors was 
least common (0.81%), while fi rst maxillary molars were not 
subject to edentulism completely. Among dental impairments 
in patients with this form of ectodermal dysplasia, there 
may be abnormalities of shape (conoid teeth) and size 
(microdontia) along with the decline in the number of teeth 
(edentulism).

Results of microelement content analysis for patients 
with the hidrotic from of ectodermal dysplasia
Deviations in both essential and toxic microelement content 
in patients with the hidrotic form of ectodermal dysplasia 
were revealed.
Among the elements related to conventionally essential, 
deviations from the norm were only registered for cadmium 
(Cd) and nickel (Ni) content increase (6.67% each). Other 
conventionally essential microelements were within the 
limits of normal including aluminium and mercury (Hg).
Among the essential elements, there was absence of normal 
values in all patients with this form of ectodermal dysplasia. 
Thus, the content of cobalt (Co), ferrum (Fe), potassium (K), 
manganese (Mn) and sodium (Na) was within the limits of 
normal in 13.34-40.02% of the cases and there was always 
the trend toward gradual decrease in their concentration in 
the organism. Thus, their content was within the lower limit of 

Table 1. Prevalence and distribution of edentulism in patients with the hidrotic form of ectodermal dysplasia
(% of the overall number of missing teeth) [34]

Central 
incisors

Lateral 
incisors Canines First 

premolars
Second 

premolars
First 

molars
Second 
molars

Third 
molars Total:

Maxillary 0.81 18.22 1.62 4.86 10.12 0 3.24 13.77 52.64

Mandibular 6.07 6.88 2.43 2.02 10.12 1.62 4.04 14.18 47.36

Total: 6.88 25.1 4.05 6.88 20.24 1.62 7.28 27.95 100
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normal in 6.67-26.68% of the cases and their concentration 
was decreased in comparison to the norm in 53.36-73.37% 
of the cases (degrees 1-4). Calcium (Ca) and selenium (Se) 
content was registered to be within the limits of normal in 
60.03% and 66.7% of the cases, respectively. The rest of the 
cases demonstrated decreased content of such substances 
within deviation degrees 1-4. Such microelements as 
iodine (I), chrome (Cr), copper (Cu) and magnesium (Mg) 
maintained the trend of the aforementioned elements: normal 
in 60.03-66.7% of the cases, within the lower limit of normal 
in 6.67% of the cases and decreased content (degrees 
1-4) in13.34-26.68% of the cases. However, the peculiarity 
of these elements was their increased content in 6.67-
13.34% of the cases (degrees 1-4). The amount of cases 
characterising the content of phosphorus (P) and silicon (Si) 
was almost equally distributed among the limits of the normal 
and increased or decreased content. Concentration of zinc 
(Zn) was within the lower and upper limits of the normal in 
73.37% and had increased concentration in 26.63% of the 
cases (degrees 1-2).
Hence, it is possible to conclude that deviations in 
microelement content in patients with the hidrotic form of 
ectodermal dysplasia are of chaotic character. However, the 
following tendency may be recognised. Silicon, phosphorus, 
magnesium, copper, chrome and iodine in the examined 
patients may either be within the limits of normal or have 
increased or decreased content (degrees 1-4). At the same 
time, zinc content may only be normal or increased by 
degrees 1-2 (premorbidity). Selenium, sodium, manganese, 
potassium, ferrum cobalt and calcium have the tendency 
to decrease in concentration only (degrees 1-4). Among 
conventionally essential microelements, deviations were 
only found in cadmium and nickel with 6.67% of the cases of 
increased content in the organism for both.
A numerically insignifi cant amount of articles has been 
devoted to the problem of orthopaedic dental rehabilitation of 
patients with Clouston syndrome and congenital edentulism 
[36, 37], undue radicalism in some of which [38-42] calls the 
effi cacy of the described methods in short-term and long-
term periods after treatment into question. In this regard, 
we present our clinical observation of an effective minimally 
invasive orthopaedic dental rehabilitation of a 10-years-
old patient with the hidrotic form of ectodermal dysplasia 
and congenital edentulism with application of removable 
dentures made with shape memory materials – the “titanide” 
dental casting alloy as the material for the basis of the 
denture construction [43-47].

Initial complaints
Aesthetic complaints: smile aesthetics impairment due to 
occlusion abnormality, signifi cant gaps between maxillary 
front teeth, absence of maxillary lateral incisors and all 

mandibular incisors, deformation of maxillary central incisors 
and abnormal form of mandibular canines, dry facial skin, 
head hair defect. Morphological complaints: occlusion 
abnormality, absence of a large number of permanent 
maxillary and mandibular teeth, lack of physiological 
replacement of temporary teeth by permanent ones, over-
retained primary teeth, defects in upper and lower dental 
arches. Functional complaints: complicated biting and 
chewing of food due to absence of teeth in upper and lower 
jaws and defects in front areas of upper and lower dental 
arches.

Objective data
Height – 145cm, weight – 38kg. Subcutaneous fat on the 
body and extremities was low. Hair on the hairy part of the 
head were fragile, thin and dry. Eyebrows and eyelashes 
were fair, thin and sparse. Internal organs showed 
no pathology. Examination of palms and feet showed 
insignifi cant hyperkeratosis and defects of nail plates 
(dystrophy, hypoplasia). Onychodystrophy and slow growth 
of nail plates were present. Perspiratory glands were intact. 
Skin cover in the regions of elbow and knee joints was 
insignifi cantly pigmented.

Objective symptoms upon visual examination of the max-
illofacial area
Mesocephalic face type. Impairment of vertical and transverse 
facial proportions was not revealed. No deviations in facial 
symmetry. The height of the lower part of the face was not 
changed, the lower lip fell back, the mental fold was marked. 
The lower lip was full and turned to the outside (see Figure 
2 – a, b). The facial skin was thin and dry. The external ears 
were large and protruding. Mouth opening value was and 
uncomplicated. Smiling showed narrow dental arches and 
wide buccal corridors. No pathological changes were found 
through palpation in right and left temporomandibular joints. 
Palpation of maxillofacial muscles was painless. 

Objective symptoms of the mouth vestibule and the oral 
cavity
Pathological changes of the oral mucosa were absent. Labial 
and lingual frenula, buccal folds were clearly pronounced, 
adjusted closely to the upper part of the maxillary alveolar 
process and to the alveolar part of the mandible. The 
oral vestibule was shallow, the tongue was oval, with 
physiologically normal size with no apparent pathology. 
Excretory ducts of salivary glands were visible and 
demonstrated no apparent pathology. Palpation of parotid, 
submandibular and sublingual salivary glands showed a 
physiologically normal amount of secretion. 
Examination of teeth and dental arches revealed abnormal 
conoid (spear-like, narrow-edged) form of 4.3 and 3.3 
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supernumerary teeth with sharp ends of the cutting edges 
non-characteristic to permanent mandibular canines, 
abnormal barrel-like shape with no semilunar incision of the 
cutting edge (Fournier’s teeth) in teeth 1.1 and 2.1. Class 3 
diastema was present between teeth 1.1. and 2.1. The upper 
lip frenulum was in the form of a wide band entangled into 
the upper part of the alveolar process between teeth 1.1 and 

2.1. Persistent (remaining temporary) teeth 5.5, 6.5, 7.5, 
7.4, 8.4, 8.5 and abnormal supernumerary teeth 4.3 и 3.3 
had no facing of natural dental abrasion compliant with the 
patient’s age. Reaction of all temporary and permanent teeth 
in the oral cavity to probing, percussion, temperature stimuli 
was painless. Interalveolar height was not decreased. The 
occlusion was pathologic and fi xed (see Table 2).

Table 2. Dental formula of patient P., 10 years old

M M 1.6 5.5

(С)

M 1.3 M 1.1

(А)

2.1

(А)

M 2.3 M 6.5

(С)

2.6 M M

M M 4.6 8.5

(С)

8.4 4.3

(А) 

M M M M 3.3

(А) 

7.4

(С)

7.5

(С)

3.6 M M

Legend: M – missing tooth, С – dental caries, А – abnormal crown form.

Figure 1. Patient P., 8 years old, orthopantomogram

 a b c
Figure 2. Patient P. 10, external view: a – frontal projection, b – left lateral projection, c – condition of the oral cavity

 a b c
Figure 3. Patient P., 10 years old, condition of the oral cavity: a – central occlusion position, b – maxillary dental arch condition, 
c – mandibular dental arch condition
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According to normal age-specifi c physiological development 
of the oral cavity, permanent teeth 1.4, 1.2, 2.2, 2.4, 3.4, 
3.3, 3.2, 3.1, 4.1, 4.2, 4.3, 4.4 were absent. Defects of 
maxillary and mandibular dental arches were analogically 
in compliance with class IV of dental arch defects according 
to the Kennedy classifi cation: bounded edentulous teeth 
in the front part. Toothless areas of the maxilla and the 
mandible demonstrated hypoplasia (underdevelopment) 
and pointed shape. The maxillary dental arch was of 
semielliptical shape and the mandibular dental arch was 
trapezium-shaped.

 a b c d

Figure 4. Patient P., 10 years old, diagnostic casts: a – occlusal projection, b – left semi-lateral projection in the central occlusion position, c 
– frontal projection in the central occlusion position, d – right semi-lateral projection in the central occlusion position

Figure 5. Patient P., 10 years old, orthopantomogram

Radiological symptoms
The patient’s parents provided the orthopantomogram 
images made at the patient’s age of 8 years (see Figure 1) 
and 10 years (see Figure 4).
The orthopantomogram of the patient at the age of 8 
visualised absent primordia of permanent teeth 1.4, 1.2, 2.2, 
2.4, 3.5, 3.2, 3.1, 4.1, 4.2, 4.4, 4.5. Teeth 4.3 and 3.3 were 
supernumerary. Development of their root was at the stage of 
incomplete longitudinal formation of the root. Supernumerary 
teeth 4.3 and 3.3 had primordia of normal teeth in the root 
part projection. Primordia of teeth 1.7, 1.6, 1.1, 2.1, 2.6, 2.7, 
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pregnancy. Systemic or infectious diseases were absent 
during the pregnancy. The father was clinically healthy 
and had undergone a course of radiotherapy due to an 
oncological disease 22 years ago and the mother had primary 
edentulism of the 12th tooth. The child cut the full set of his 
temporary teeth and had normal primary teeth occlusion. 
According to the parents’ words Earlier and concomitant 
pathologies of the child were acute respiratory diseases. 
The diagnosis of ectodermal dysplasia in the hidrotic form 
(Clouston syndrome) was established for the fi rst time (at 
the age of 10). There had been no reference to a geneticist 
physician. No orthodontic (prosthetic) treatment had been 
performed.
Diagnosis: ectodermal dysplasia (Q82.4), hidrotic form 
(Clouston syndrome), congenital maxillary hypodontia 
(congenital absence of less than 6 teeth) and mandibular 
oligodontia (congenital absence of more than 6 teeth) of 
permanent teeth (K00.0), hypoplasia of the upper part of the 
maxillary alveolar process and alveolar part of the mandible in 
the projection of congenital absence of teeth (K06.9). Abnormal 
(conoid) shape of supernumerary teeth 4.3 and 3.3 (K00.2, 
K00.1), abnormality of the shape (Fournier’s teeth) in teeth 
1.1 and 2.1 (K00.2), diastema (K07.3). Delay in replacement 
of primary (milk) teeth: persistent teeth 7.5, 8.4, 8.5 (К00.6). 
Defects in maxillary and mandibular dental arches matching 
class IV of dental arch defects according to the Kennedy 
classifi cation. Pathological, fi xed occlusion.
Orthopaedic treatment: the patient received orthodontic 
treatment of the diastema. Premanufactured individual 
impression trays were used to obtain imprints of maxillary and 
mandibular dental arches with application of silicone impression 
compound. Thereafter, removable maxillary and mandibular 
dentures with bases from titanium nickelide were produced. 
The patient’s adaptation to removable dentures was achieved 
in 7 days. Thereafter, the patient noted satisfactory functional 
state of the dentoalveolar system. As the result of orthopaedic 
dental treatment, the aesthetics and psychological comfort 

3.7, 3.6, 3.4, 3.3, 4.3, 4.6, 4.7 showed radiological symptoms 
of calcium defi ciency in the coronal sections. Persistent 
(remaining temporary) teeth 7.5, 7.4, 7.3, 8,5 showed no 
root resorption. There were no pathological changes in bone 
tissue in the projection of the present roots of temporary and 
permanent teeth. The shape of left and right articular heads of 
the mandible are within the physiological norm according to 
the patient’s age. In the projection of absent permanent teeth, 
there were radiological symptoms of hypoplasia (reduction in 
the vertical dimension) in the maxillary alveolar process and 
the alveolar part of the mandible (see Figure 1).
The orthopantomogram of the patient at the age of 10 visualised 
absence of permanent teeth 1.4, 1.2, 2.2, 2.4, 3.5, 3.2, 3.1, 
4.1, 4.2, 4.4, 4.5. Teeth 4.3 and 3.3 were supernumerary. 
Development of their roots was at the stage of undeveloped 
root apex. Supernumerary teeth 4.3 and 3.3 had primordia of 
normal teeth in the root part projection with mineralised coronal 
sections. Primordia of teeth 1.7, 1.5, 2.5, 2.7, 3.7, 3.4, 4.7 
demonstrated radiological symptoms of calcium defi ciency of 
coronal sections of the teeth at different development stages. 
Temporary teeth 5.5, 6.5, 7.4 had radiological symptoms of 
physiological resorption of roots associated with development 
of the underlying primordia of the respective permanent teeth. 
Persistent (remaining temporary) teeth 7.5, 8.4, 8.5 had no 
root resorption. Pathological changes in bone tissue in the 
projection of present roots of temporary and permanent teeth 
were absent. The shape of left and right articular heads of 
the mandible are within the physiological norm according to 
the patient’s age. In the projection of absent permanent teeth, 
there were radiological symptoms of hypoplasia (reduction in 
the vertical dimension) in the maxillary alveolar process and 
the alveolar part of the mandible (see Figure 4).
From medical history: according to the parents’ words, 
the child was born after he fi rst pregnancy and fi rst delivery 
(abortion count was 0). The delivery was timely, the body 
mass on delivery was 3,500 g with height of 55cm. According 
to the mother’s words, there were no complications of the 

 a b

Figure 6. Patient P., 10 years old, removable dentures: a – maxillary, mandibular
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established communication with the peers, eliminated 
psychological and emotional lability associated with unusual 
appearances.

of the patient were restored to the maximum possible extent 
(see fi gure 12). The parents noted the child’s complete age-
conforming social adaptation, good academic achievement, 

 a b c
Figure 7. Patient P., 10 years old, after orthodontic and orthopaedic treatment: a – closed mouth, b – open mouth, c – frontal external view of 
the smile

 a b
Figure 8. Patient P., 10 years old, after orthodontic and orthopaedic treatment: a – closed mouth, b – open mouth

 d e
Figure 9. Patient P., 12 years old, radiograms of tooth 7.5: a – before treatment, b – control radiogram of root canal sealing quality after 
endodontic treatment, c – control radiogram after 6 month from endodontic treatment, d – control radiogram after 6 month from endodontic 
treatment, e – control radiogram after 6 month from endodontic treatment

 a b c



138

Medical University

 a b
Figure 10. Patient P., 12 years old, 2 years after the orthodontic and 
orthopaedic treatment: a – frontal external view of the smile, 
b – closed mouth

Figure 11. Patient P., 12 years old, the oral cavity condition after 2 years 
from the orthodontic and orthopaedic treatment

 a b c

Figure 12. Patient P., 12 years old, the basal seat area tissues condition after 2 years from the orthodontic and orthopaedic treatment: a – 
central occlusion position, b – condition of the maxillary dental arch, c – condition of the mandibular dental arch

Recommendation: 1) Consultation by a geneticist 
physician aimed at confi rmation of the diagnosis of 
ectodermal dysplasia, hidrotic form (Clouston syndrome). 2) 
Consultation by a dermatologist and trichologist regarding 
the hair condition. 3) Dynamic observation by a dentist-
orthopaedist (no less frequently than once per three months) 
for correction of removable dentures. 4) Periodically 
repeating production of new removable dentures with 
growing and developing jaws. 5) Consultation by the district 
orthopaedist and geneticist regarding the possibility and 
viability of  registration of disability due to the main disease 
– ectodermal dysplasia, hidrotic form (Clouston).
Control examination at the age of 12, the patient had no 
complaints, the condition of prostheses and basal seat 
tissues was satisfactory (see Figures 9-11). Complicated 
caries with chronic fi brous pulpitis that emerged due to rapid 
progression of the carious process in teeth 5.5, 6.5, 7.5, 7.4, 
8.5 observed in different periods of the follow-up between 
the ages of 10 and 12 years was treated through vital 
pulpectomy. At the fi nal stage of endodontic treatment, the 
root canals were sealed using zinc-oxide-eugenol cement 
“Endometasone” (Septodont) with gutta-percha points [48]. 

According to the radiology data, apical level of root canal 
obturation was established at the distance of 0.5-2mm 
from the radiographic apex immediately after endodontic 
treatment. Control radiogram during dynamic observation 
showed hermeticity of root canal obturation through the 
whole length, homogeneity of root seals and absence of 
lumens between the seals and the canal walls. Symptoms 
of root resorption as well as pathological changes of bone 
tissue or periodontium in periapical regions were absent 
until the patient’s age of 14. As an example, let us present 
the dynamics of the radiological picture of treatment of tooth 
7.5 with the long-term follow-up period of 24 months (see 
Figure 9).
Control radiological examination of the dentoalveolar 
system at the age of 14 revealed a lesion of bone tissue 
destruction in the mandibular alveolar bone in the form 
of a radiolucency with clear oval outlines with horizontal 
longitudinal orientation from tooth 8.4 to tooth 7.5. Clinically, 
teeth 8.5, 8.4, 4.3, 3.3, 7.4, 7.5 have 3rd-degree mobility and 
symptoms of granulating periodontitis. Radiologically, roots 
of teeth 8.4, 4.3, 3.3, 7.4, 7.5 were in the lesion of alveolar 
bone tissue destruction, roots of abnormal supernumerary 
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Figure 13. Patient P., 12 years old, orthopantomogram

Figure 14. Patient P., 14 years old, orthopantomogram

teeth  4.3 and 3.3 were resorbed at whole length. Tooth 8.5 
was with radiological symptoms of granulating periodontitis. 
In the lesion of mandibular alveolar bone tissue destruction, 
there were primordia of normal teeth 4.3, 3.3, 3.4 at different 
stages of development (see Figure 13). Operative treatment 
was performed on the patient involving extraction of 
temporary teeth 8.5, 8.4, 7.4, 7.5, abnormal supernumerary 
permanent teeth 4.3 and 3.3, surgical debridement of the 
chronic infl ammation lesion in the mandibular alveolar bone 
with retaining of primordia of normal teeth 4.3, 3.3, 3.4. 

Thereafter, replacing therapy with a denture was performed 
on the mandible involving fenestration of the prosthetic 
basal seat area designed to stimulate and guide the cutting 
process for teeth 4.3, 3.3, 3.4 (see Figures 14-17). The 
adaptation period lasted for 7 days with subsequent notice 
of satisfactory functional condition of the dentoalveolar 
system by the patient. Over time with cutting of teeth 4.3, 
3.3, 3.4 assisted by chewing pressure of the orthopaedic 
construction, correction and deepening of the window-form 
guides.
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 a b
Figure 15. Patient P., 14 years old, the oral cavity condition after 4 years from the orthodontic and orthopaedic treatment, operative treatment 
of the mandibular alveolar bone: a – central occlusion position, b – condition of the mandibular dental arch

Figure 16. Patient P., 14 years old, orthopantomogram

a  b  c  
Figure 17. Patient P., 14 years old, a replacing removable mandibular denture manufactured after operative treatment of the mandibular 
alveolar bone: a –occlusal projection, b – basal seat area projection, c – frontal projection
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No complaints during a control examination were presented 
by the patient at the age of 20. The condition of dentures and 
basal seat area tissues were satisfactory. Over time, window-
shaped guides of the mandibular denture were reshaped into 
perforations due to increase in height of clinical crowns of teeth 
4.3, 3.3, 3.4 and their occlusal contact with the antagonists. A 
new removable laminar denture was produced for the maxilla 
due to its physiological growth. The condition of dentures, 
functional state of the dentoalveolar system and the condition 
of basal seat tissues were satisfactory (see Figures 18-22).

Conclusion

The presented concise review of domestic and foreign 
literatures devoted to main diagnostic clinical features of 
Clouston syndrome is an effective diagnostic algorithm  in 
clinical practice of orthopaedic dentistry and orthodontics. 
The algorithm forms a clear route of consultations with 
related professionals of the general profi le in cases of 
registration of patients with this rare orphan pathology.

Figure 18. Patient P., 14 years old, frontal external view of the smile 
after operative treatment and treatment with removable mandibular 
denture

a  b c

Figure 19. Patient P., 20 years old, after 10 years from the dental treatment: a – frontal external view of the smile, b – closed mouth, 
c – open mouth
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 a b c
Figure 20. Patient P., 20 years old, condition of the oral cavity after 10 years from the complex dental treatment: a – closed mouth, b – condi-
tion of the maxillary dental arch, c – condition of the mandibular dental arch

 a b
Figure 21. Patient P., 20 years old, maxillary and mandibular removable dentures: a – occlusive projection, b – basal seat area projectio

 a b c
Figure 22. Patient P., 20 years old, condition of the basal seat area tissues after 10 years of removable orthopaedic dental constructions: a – 
closed mouth, b – condition of the maxillary dental arch, c – condition of the mandibular dental arch



143

Medical University

The presented clinical case of minimally invasive orthopaedic 
dental methods for rehabilitation of patients with Clouston 
syndrome and congenital edentulism is an option providing 
predictable and satisfactory aesthetic and functional 
treatment outcomes, social adaptation of patients and a 
wide spectrum of later clinical decisions in short-term and 
long-term management of the patients after the treatment.
Application of shape memory materials in compliance with 
the developed technologies of prosthetic dentistry has made 

it possible to drastically increase effi cacy of orthopaedic 
treatment for paediatric and adolescent patients with 
Clouston syndrome and congenital edentulism. Peculiarities 
of prosthetic base production eliminating contact of synthetic 
resin with basal seat area tissues and minimal shrinkage of 
the “titanide” dental alloy provide for precise matching of the 
prosthesis and the basal seat area. Absence of macro shears 
of the construction on the surface of basal seat area tissues 
provides for even distribution of the mastication load on 

Figure 23. Patient P., 20 years old, orthopantomogram

Figure 24. Patient P., diagnostic casts at the ages of 10, 12, 14 and 20, dynamics of maxillary and mandibular dental arches growth
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unpliable, medium-hard and pliable tissues of the basal seat 
area enlarging the effective area of the support structures. 
At that, superelastic properties of titanium nickelide promote 
damping of the load and harmonious functioning of the 
denture in the organism replacing the absent anatomical 
structures.
Elastic behaviour of the clasp system provides for easy 
positioning, fi xation and removing of the prosthesis including 
the situation of dental malposition, prevents traumatic 
overload and tension in the periodontium of the supporting 
teeth and, as a result, their pathological mobility. Therewith, 
increased resistance of the material to fatigue against the 
background of long-term multidirectional deformations 
increases robustness, durability of the denture while retaining 
the acquired stability. All the aforesaid in combination with 
biocompatibility of titanium nickelide with organic tissues 

prevents infl ammation and progression of basal seat area 
tissue atrophy and also stimulates age-related development 
of the jaws.
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Abstract
In the context of new coronavirus COVID-2019 infection spread, many students in numerous higher education 
institutions have undergone the transition to education applying distance learning technology while medical 
students undergo partially remote education. It is worth noting that in the setting of the COVID-19 pandemic, 
remote education is the best prevention measure for decrease in incidence of the new coronavirus infection among 
students.
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Introduction

At the present time, computers and related technologies 
fi nd their application in solution of many tasks. Distance 
education (DE) is promising for all students around the 
globe. Achievements in the area of information technology 
enhance the education process: many programs are used for 
e-learning. Growing interest of researchers and specialists 
in this area to design, development and implementation of 
information and communication technology is observed [1]. 
Application of modern software makes it possible to receive 
information and process in at a distance, communicate with 
people from any place on Earth online without leaving one’s 
work place. More often than not, people have begun using 
their smartphones, tablets, laptops, etc. in order to receive 
information. In the past several years, such form of teacher-
student communication is considered normal and is actively 
used in all educational institutions of the Russian Federation 
and the world [2].
For full-fl edged learning and perception of information, 
both students and teachers obligatorily require modern 
computer platforms and access to the worldwide web as 
well as availability of specialised learning material in order 
to perform interactive classes and application of computers 
to their maximum potential. DE is a perfect opportunity for 

knowledge level improvement and/or receipt of education 
by individuals incapable of daily educational facility 
attendance living in remote areas of Russia or even 
abroad [3].
However, effi cacy of remote learning still remains 
controversial among the teachers. Application of any 
communication means in the educational environment may 
improve its effi cacy for some categories of students and 
decrease it for the other [4].
Rostislav Fojtík has outlined main fundamental problems in 
implementation of distance learning technology (DLT) into 
the educational process by the teachers: 
1. Students and many teachers have little to no experience 

in distance learning and teaching;
2. Teachers use the same pedagogical and didactic 

approaches as during in-person classes;
3. Learning requires high motivation of the students, 

their capability of effective time management and self-
organisational skills;

4. Complex and diffi cult preparation of interactive learning 
materials;

5. Technical problems.
A survey for extramural students is presented in Table 1 [5].
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7. What technical problems have you encountered in the 
process of remote work?

8. What form of education would you choose if you had a 
choice?

9. Do you think you will use educational online resources in 
your work after the lockdown?

Statistical analysis of the results obtained was performed with 
application of descriptive statistics.

Results and Discussion

The research survey conducted has shown that the main 
part of the academic teaching staff (ATS) evaluated their 
adaptation to remote teaching as “good” (85%), 37% of the 
surveyed noted that this type of teaching was comfortable for 
them while 34% stated they had diffi culties in such form of 
teaching. At that, 5 (14%) of the teachers mentioned absolute 
discomfort in application of computer technology in teaching 
future pharmacists. Opposite opinions were observed in the 
majority of the ATS regarding the satisfaction by the distance 
education process: 40% were more dissatisfi ed than not, 30 
were more satisfi ed than not, 17% declared their complete 
dissatisfaction. Overall load on the teachers, according to the 
majority (90%) geenrally increased.
Large amount of homework assessment and preparation of 
learning materials for online classes, untimely performance 
of homework by students are problems intrinsic to e-learning 
that were noted by 70% of the teachers. Emergence of such 
technical problems in distance education as compromised 
study material playback and access to the Internet, as well 
as slow Internet connection speed and insuffi cient computer 
knowledge were noted  by 50% of the ATS. Therewith, 
approximately 70% of the teachers stated they would prefer 
to use the traditional form of education with elements of DE 
in the future.
Application of distance education as an emergency measure 
created both problems and opportunities for many medical 

According to the educational standard, students in speciality 
33.05.01 Pharmacy have a large number of laboratory classes 
that are diffi cult to be performed through distance learning. 
However, the epidemiological situation evokes necessary 
changes in the educational process. 
This work presents results of a study devoted to adaptation 
of teachers in speciality 33.05.01 Pharmacy to active 
application of distance education at the FSBEI HE Prof. V.F. 
Voino-Yasenetsky KrasSMU MOH Russia after six months of 
practice.
The aim of the study was to reveal positive and negative 
aspects of e-learning in the educational prospects of 
Pharmacy students as well as analyse problems and 
comments on the issue for further planning and establishment 
of a balance between the in-class and remote educational 
modes.

Materials and Methods

Pharmacy (speciality 33.05.01) teachers (n=40) at the FSBEI 
HE Prof. V.F. Voino-Yasenetsky KrasSMU MOH Russia who 
had to work in the urgently-required mode of partially-remote 
education due to the COVID-19 pandemic for six month 
participated in the survey.
For the purpose of the research, a questionnaire containing 
the following items was developed:
1. How did you adapt to new conditions of distance 

education?
2. Is remote teaching comfortable for you?
3. What is the level of students’ motivation for learning within 

the framework of distance education?
4. Are you satisfi ed with the teaching process in the remote 

mode?
5. In your opinion, the workload on the teachers during the 

lockdown has...
6. What diffi culties have you encountered in the process of 

remote work?

Table 1. Main advantages and disadvantages of e-learning

Problems and complications of distance education Advantages of distance education

1. Limited personal contact with the teacher and the groupmates 1.

1.

Possibility to learn without being distracted from the process.

Возможность учиться, не отрываясь от рабочего процесса.

2. Non-attendance to classical lectures and lab classes 2.

2.

Possibility to plan the learning mode individually.

Возможность индивидуально планировать режим обучения

3. Diffi culty in correct time management. 3 Absence of the necessity to attend the educational institution on the daily 
basis.

4. Problems related to understanding of the learning material and 
keeping motivated for learning.

4. Possibility to receive tasks and send the results of their performance via 
the Internet.
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schools around the globe as it has exerted infl uence on 
teachers, students, administration and auxiliary personnel. 
However, teaching with DLT only may lead to signifi cant 
insuffi ciency of practical skills at the workplace in the future 
and affect mental health of the students negatively. In order to 
make the online learning package useful it must be properly 
composed and integrated in compliance with the educational 
programme. Moreover, effi cacy of e-learning remains to be 
evaluated [6, 7].
According to Nina A. Sokolova et al., e-learning is more suitable 
for extramural students, for teachers who have to undergo 
additional training and people with health limitations. For 
intramural students, remote education must be supplemented 
with lectures and lab classes providing for the availability of 
in-person communication with the ATS [8].
The modern world establishes new trends in development 
of university teaching. In particular, it is introduction of 
relevant teaching methods. In this manner, the Online Journal 
Club is digital educational activity making it possible to 
perform scientifi c exchange using existing easily accessible 
technologies. Wide geographical distribution of participants in 
subspecialty-related classes has demonstrated the availability 
of such a format to the participants [9].
The COVID-19 pandemic has infl uenced medical and 
pharmaceutical education in the whole world. Unique problems 
related to remote high-quality training of future specialists 
have emerged for the fi rst time.

Conclusion

Over the years, DE or mixed education has been becoming 
increasingly required, which is mainly associated with 
systematic additional training for specialists or acquisition 
of higher education as well as development of technical 
capabilities.
According to results of the questionnaire for teachers in 
speciality 33.05.01 Pharmacy at the FSBEI HE Prof. V.F. 

Voino-Yasenetsky KrasSMU MOH Russia, it is becoming 
obvious that:
1. Workload of the teachers has increased;
2. Technical problems exist;
3. All teachers prefer to conduct in-person classes while 

distance teaching cannot provide students in speciality 
33.05.01 Pharmacy with comprehensive skills and 
abilities. Therewith, the teachers assume that partial 
implementation of remote technologies in the future is 
possible.

During the COVID-19 pandemic, e-learning and telemedicine 
have become ingrained in the education process of medical 
students and will remain important sources of medical 
education in the future. Deeper understanding of prospective 
advantages and disadvantages will make it possible for 
medical schools to improve the quality of e-learning. 
DE has made it possible for educational establishments to 
maintain the knowledge acquisition process uninterrupted 
during the COVID-19 pandemic. The pandemic presents a 
unique opportunity to evaluate the signifi cance of online-
training platforms. Moreover, digitalisation of medical 
education may play an important role in the future of 
medical schools. After assessment of advantages in 
application of remote teaching, Smiullah Dost et al. 
recommend combining it with in-person classes and use 
online-platforms for studying making it possible for the 
students to digest information at their convenience and 
discuss the received material with the peers constructively. 
Apart from the COVID-19 outbreak period, introduction 
of online-learning methods into traditional medical and 
pharmaceutical education has been considered, which 
may contribute to a signifi cant shift of educational practice 
toward virtual consultations [10].
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Abstract
Hypomimia is a common symptom of Parkinson’s disease. At the present time, issues related to existence of interrelations 
between hypomimia and manifestations of common hypokinesia remain under-investigated in aspects of both clinical 
manifestations and rehabilitation effi cacy. An objective method for facial muscle movement diagnostics is necessary 
to achieve this goal. The article presents novel experience in application of a proprietary method using objective facial 
expression assessment video analysis on the example of a healthy female subject and a female patient with Parkinson’s 
disease. The Parkinson’s female patient had objective symptoms of hypomimia: a decrease in velocity and amplitude 
of eyebrow and mouth movement, slow winking. Therefore, application of this method creates prerequisites for more 
in-depth study of theoretical and clinical aspects in facial expression of Parkinson’s disease patients.

Keywords
Parkinson’s disease • hypokinesia • hypomimia • video analysis of facial expression

Medical University

151

Introduction

As is commonly known, hypomimia – impairment of facial 
expression – is among important clinical manifestations of 
Parkinson’s disease (PD). The patient’s face assumes mask-
like expression, slowness and decrease amplitude of facial 
muscles is observed. At examination, the patient demonstrates 
decreased winking frequency, lowered expressiveness of 
eyebrow movement, weakened movement of the mouth varying 
from spontaneous smile impairment to half-open resting mouth 
[1-3]. Hypomimia combined with other motor and non-motor 
PD symptoms decreases the patients’ quality of life [4, 5]. 
Decrease in facial expressiveness is assumed as manifestation 
of indifference and detachment by other people, which in turn 
leads to diffi culties in social contacts and promotes appearance 
of anxiety and depression disorders [6-8]. Generally, facial 
expression is assessed subjectively [9, 10]. The most frequent 
method used for hypomimia degree evaluation is a fragment 
of the UPDRS making it possible to determine the degree of 
facial muscle movement impairment according to a point system 
with the degrees varying from 0 to 4 [11]. In clinical practice, 
increased facial expressiveness in the PD patient is a sign of 
effective dopaminergic therapy and other rehabilitation activities.

Presently, issues related to the interrelation between hypomimia 
and general hypokinesia remain insuffi ciently studied. In 
particular, it is not clear whether we may exert infl uence on 
manifestations of hypokinesia through facial expressiveness 
activation. Do such facial expressiveness activation methods 
exist in medical practice? There is little data available [12].
Therefore, assessment of hypomimia manifestations is possibly 
an important aspect in management of PD patients. A method 
for objective analysis of velocity and amplitude of facial muscular 
system movement is required in order to solve a number of 
clinical and theoretical problems.
The aim of the study was to create a method for objective 
evaluation of facial expression movements and assess its 
diagnostic capabilities.

Materials and Methods

An objective method for assessment of facial expression 
muscles movement has been developed at the department of 
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Results and Discussion

According to the data obtained, a digital database is 
formed containing all aforementioned facial movement 
parameters.
Below are results of facial expression video analysis results 
after examination of a healthy female subject aged 73 and 
a female PD patient aged 74 with an established diagnosis 
of stage 2 PD according to Hoehn and Yahr Rating Scale, 
akinetic-rigid-tremulous form. The disease duration was 5 
years and the test was performed at the time of Levodopa 
dose offset (see Table 2).
As it follows from the data presented, the analysis showed 
signifi cant difference between all spatial and temporal values 
(decrease in movement amplitude and velocity in the PD 
female patient). Higher indices of amplitude are observed in 
the healthy subject: 1.5 times higher along the X axis and 2 
times higher along the Y axis. The PD patient performed 1.5 
times less smiles that the healthy subject. The area of the 

neurological diseases with a course of postgraduate education 
at the Prof. V.F. Voino-Yasenetsky Krasnoyarsk State Medical 
University in collaboration with the Association “Mutual 
Business Interests (Independent Association of Supplementary 
Education)”. The method is based on computer video analysis 
of facial expression and is a hardware and software suite 
consisting of software created in the Visual Studio 2015 
programming package using the PostgreSQL database 
management system and a video camera with the resolution 
of 1280x720. Assessment of facial muscle activity is performed 
without immediate touching and via recording of a video with 
a web camera. The software registers coordinates of 68 key 
points on the face using an open-source library of computer 
vision of the Python programming language. By this means, 
motion of eyelids, eyebrows and lips is recorded. During 
examination, the patient is offered to perform six diagnostic 
tests at the doctor’s signal (see Table 1) that make it possible 
to evaluate the velocity and amplitude of facial muscles. A total 
of 10 seconds is given for performance of each of the fi rst fi ve 
tests. The text-reading test has no time restrictions.

Table 1. Diagnostic tests for facial expression analysis

 № Diagnostic test Description Values analysed

1. Fast smile The patient is offered to smile as many times as 
possible and with the maximum amplitude 

-quantity of smiles in 10 seconds

-mean smile amplitude along the X axis (mm);

-mean distance between the upper and the lower lips along 
the Y axis

2. Letter “O” The patient is offered to draw the letter “O” with shut 
pursed lips

-the area of the “O” letter drawn (mm2)

3. Winking The patient is offered to wink with maximum possible 
frequency

-quantity of winks in 10 seconds

4. Eyebrow 
elevation

The patient is offered to elevate eyebrows at maximum 
speed and amplitude

-quantity of eyebrow elevations in 10 seconds

-mean distance along the X axis (mm)

-mean height of eyebrow elevation along the Y axis (mm)

5. Frowning The patient is offered to approximate the eyebrows and 
split them back at maximum speed and amplitude

- quantity of frowns in 10 seconds;

- mean distance between the eyebrows

6. Text reading The patient is offered to read a text at a comfortable 
pace

-mean amplitude of the smile along the X axis (mm);

-mean distance between the upper and the lower lips along 
the Y axis;

-mean distance between the eyebrows along the X axis 
(mm)

-mean height of eyebrow elevation along the Y axis (mm)

-voice pitch (Hz)



153

Medical University

“O” letter and the winking speed was almost two times higher 
in the healthy subject. The eyebrow movement and frowning 
amplitude was reduced twofold in the female PD patient 
with a 1.5 times lower quantity of eyebrows elevations and 
insignifi cant difference in frowning quantity. While reading 
the text, the healthy subject performed twice more active lip 
and eyebrows motion in comparison to the PD patient.

Conclusion

Objective facial expression evaluation revealed all main 
manifestations of hypomimia in the female PD patient: 
decrease in the amplitude and velocity of mouth and eyebrow 
movement and winking.

It is possible that the proprietary method of facial expression 
evaluation has prospects of assessment of its diagnostic 
value with establishment of its sensitivity and specifi city as 
well as further implementation in clinical practice for analysis 
of effi cacy of conducted therapy and rehabilitation. It is also 
planned to perform a larger-scale study on PD patients aimed 
at assessment of the association between hypomimia and 
general hypokinesia and gait impairment. The data obtained 
may become the basis for development of rehabilitation 
methods for correction of hypomimia and general hypokinesia.

Confl ict of Interest Statement

The authors declared no confl ict of interest.

Table 2. Results of the objective analysis of facial expression in a clinically healthy female subject and a female PD patient

№ Diagnostic test Values Healthy subject, 73 years old PD patient, 74 years old

1. Fast smile Х of the mouth (mm) 24.05 16.71

У of the mouth (mm) 21.66 10.73

Velocity (times/10 sec) 9 6

2. Letter “O” S (mm2) 498 248

3. Winking Velocity (times/10 sec) 49 27

4. Eyebrow elevation Х of the eyebrows (mm) 21.29 10.1

У of the eyebrows (mm) 23.34 12.1

Velocity (times/10 sec) 10 7

5. Frowning Х of the eyebrows (mm) 10.4 5.59

Velocity (times/10 sec) 8 6

6. Text reading Х of the mouth (mm) 10.03 6.06

У of the mouth (mm) 27.2 14.8

Х of the eyebrows (mm) 2.4 2.25

У of the eyebrows (mm) 2.4 1.24

Pitch (Hz) 187.5 187.5
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AND ANTIOXIDANTS IN OCCURRENCE 
OF MYOCARDIAL INFARCTION 
AND CHRONIC HEART FAILURE
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Abstract
Oxidative stress is one of the most important mechanisms of cardiovascular diseases, especially in heart failure. 
Mitochondrial dysfunction and infl ammation play a major role in formation of free radicals and antioxidants.  The 
association between oxidative stress, telomere biology and cell senescence plays the key role in cardiovascular 
pathology development. The paper considers role of pro-oxidant and antioxidant enzymes in heart pathology 
development. Specifi cally, the role of such antioxidant enzymes as glutathione peroxidase 3, catalase, and 
superoxide dismutase is described. The role of gamma-glutamyl transferase is emphasized as its activity increases 
signifi cantly in cases of heart failure, coronary heart disease, stroke, arterial hypertensions, and arrhythmias. 
 This article is a literature review of the effect of such antioxidants as alpha-tocopherol, ubiquinone, uric acid, 
and triiodothyronine on development of heart failure and myocardial infarction.  A decrease in triiodothyronine 
concentration is a risk factor for coronary heart disease. High uric acid values in patients with myocardial infarction 
upon admission to the hospital are associated with a high risk of sudden death. The infl uence of such minerals 
such as zinc, copper, magnesium, selenium, potassium, sodium, calcium, and iron on heart failure development 
has been analyzed. The role of ceruloplasmin as an independent predictor of acute and chronic cardiac disorders 
cardiac events, mortality, and bad prognosis in patients with heart failure and myocardial infarction is examined. 
The authors demonstrate the infl uence of infl ammation on heart failure development as well as association of 
infl ammation with oxidative stress.
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Introduction

Oxidative stress is one of the most important mechanisms of 
human biology, especially in such cardiovascular diseases 
of atherosclerotic nature as coronary artery disease [1-3]. 
Oxidative stress plays a key role in endothelial damage, 
combined with β-oxidation of fatty acids and subsequent 
formation of preatherosclerotic lipoid lesions in the vascular 
wall [1, 4].  Oxidative stress in the heart may be caused by 
reduced antioxidant capacity and increased production of 
reactive oxygen species (ROS). This may arise secondary 
to mechanical strain of the myocardium, neurohormonal 
stimulation (angiotensin II, alpha-adrenergic agonists, 
endothelin-1) and infl ammatory cytokines (tumour necrosis 
factor, interleukin-1) [5, 6]. Main mechanisms of oxidative 
stress are localized in mitochondria in cardiomyocytes. 
In patients with heart failure, oxidative stress occurs in 

the myocardium and plasma, which correlates with left 
ventricular disorders (Figure 1) [7].

Background information

The role of enzymes pro- and antioxidants in develop-
ment of heart failure and myocardial infarction
The function of mitochondria is to sustain numerous 
homeostatic processes in the heart, including generation 
of energy and control of calcium metabolism and 
redox homeostasis [1]. The majority of free radicals in 
cardiomyocytes is produced in mitochondria and by 
nicotinamide adenine dinucleotide phosphate oxidase, 
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Oxidative stress and myocyte autophagy coexist in pressure 
overload-induced heart failure [9]. Oxidative capacity of the 
cardiac muscle, mitochondrial content, and mitochondrial 
fusion are abnormal in elderly patients with heart failure 
with preserved ejection fraction and could contribute to 
physical load intolerance in such patients [10].
Experimental studies have demonstrated that glutathione 
peroxidase 3 – an antioxidant enzyme that catabolizes 
hydrogen peroxide – provides protection against thrombosis. 
Activity of glutathione peroxidase 3 progressively decreases 
with increasing age. Reduction of natural antioxidants may 
be a factor predisposing to cardiovascular complications 
in the elderly population [11]. The majority of experimental 
studies related to excess formation of mitochondrial free 
radicals or free radical balance disruption support the fact 
that it contributes to exacerbating ischemia or reperfusion 
injury, heart failure and diabetic cardiomyopathy. In animal 
models of myocardial infarction, nicotinamide adenine 
dinucleotide phosphate oxidase inactivation decreases 
the infarct lesion area and ameliorates heart failure 
development. However, it is unclear whether this is related 
to vascular or phagocytic nicotinamide adenine dinucleotide 
phosphate oxidases located in infl ammatory cells [7].
Free radical species negatively affect disposition of 
myocardial calcium, generate arrhythmia, and contribute 
to left ventricular remodelling by inducing hypertrophic 
signalling, apoptosis and necrosis [7]. The benefi cial 
effects of malonyl coenzyme A decarboxylase inhibition 
were attributed to a decrease in proton production due 
to an improved coupling between glycolysis and glucose 
oxidation in rats during experimental myocardial infarction 
[12]. All lipoproteins, proteins and nucleic acids are targets 
for free radical activity, which leading to their oxidative 
modifi cation [1, 3, 9]. Proteins with modifi ed amino acid 
residues are involved in the pathogenesis of metabolic 
and structural disorders in various diseases [13]. The 
connections between oxidative stress, telomere biology 
and cell senescence play the key role in formation of 
cardiovascular pathology. Cell division and ageing are the 
most important causes of telomere shortening. Oxidative 
stress facilitates early telomere shortening and dysfunction. 
Cell senescence characterised by mitotic arrest and stimuli 
generation of the great number of proinfl ammatory and 
growth factors, leading to an increase of tissue infl ammation 
and oxidative stress [1]. Generation of oxidative stress 
mediates pathological autophagy in cardiomyocytes leading 
to left ventricle dysfunction and antioxidants are capable of 
preventing pressure overload-induced heart failure through 
inhibition of excessive cardiomyocyte apoptosis [9].
The content of lipoperoxides glows gradually from the 
moment of myo cardial infarction occurrence over a period 
of 21 days. In Q-wave myocardial infarction, activity of 

cyclooxygenase and xanthine oxidase, that contribute to 
production of free radicals in cardiomyocytes of patients 
with such complications as obesity or diabetes. Other 
mitochondrial proteins, such as p66shc and monoamine 
oxidases are also major free radicals producers as well as 
nitric oxide synthase [1, 8]. 

Figure 1. Mechanism of oxidative stress, based of materials of 
Sack MN., Fuhrquist FY, Saijonmaa OJ, Fuster V, Kovacic JC., 
2017 [1]

Mitochondrial enzymes include calcium-mediated activation 
of isocitrate dehydrogenase, pyruvate dehydrogenase, and 
α-ketoglutarate dehydrogenase. Thus, a small minority 
(<0.1%) of electrons can dissociate from the electron transfer 
chain and cause partial reduction of oxygen into superoxide 
radical and emergence of such subsequent free radicals 
as hydrogen peroxide and hydroxyl radicals. Mitochondria 
itself also contain antioxidant mechanisms to remove 
oxygenation of free radicals. An example of this system is 
superoxide dismutase enzymes that conduct dismutation 
of superoxide anion to hydrogen peroxide. Mitochondrial 
hydrogen peroxide is then catabolized by additional 
enzymes, including glutathione peroxidase, peroxiredoxin-3 
and non-enzymatic scavengers, with its ultimate reduction 
to water. In cardiomyocytes in vitro, a high concentration of 
hydrogen peroxide (1mmol/l) induces myocyte autophagy. 
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free radicals is higher than in non-Q-wave myocardial 
infarction patients [3]. Inflammation in the atherosclerotic 
plaque area is one of factors in atherothrombosis [14-
16].  Free radicals contribute to appearance of a region of 
stunned myocardium around the ischemic foci and there 
is no contractility, conduction and excitability in that region 
of stunned myocardium. Mainly, the form of cell death in 
the heart is divided into 2 distinctly regulated molecular 
pathways defined as apoptosis and necrosis. Mitochondria 
are often part of a critical amplification loop orchestrating 
these cell death programmes [1].  Obesity, diabetes, 
smoking and pollution are prominent causes of oxidative 
stress in the cardiovascular system [17]. Some viruses, e.g. 
human immunodeficiency virus (HIV), may impair cardiac 
function through mitochondrial pathways. HIV infection 
initiates a mitochondrion-mediated cascade, releasing 
proteases that lead to cardiac myocyte damage and 
apoptosis [18, 19]. The decrease in fatty acid oxygenation 
contributes to contractile dysfunction of myocardium. 
Therefore, normalisation of fatty acid generation deficit 
would be assumed to improve contractility of heart [6]. 
Patients with heart failure have significantly higher levels 
of white blood cells than those with COVID-19, who do 
not have chronic heart failure, acute myocardial infarction 
or more severe complications and sudden death [20]. 
During the acute period of myocardial infarction, there is 
decreased activity of antioxidant enzymes – glutathione 
reductase, catalase, superoxide dismutase – in blood 
serum through destruction of protective mechanisms and 
depletion of the antioxidant pool [3, 21]. Enzymatic sources 
for ROS, such as the nicotinamide adenine dinucleotide 
phosphate oxidases, uncoupled nitric oxide synthase and 
mitochondria, are all considered relevant sources of free 
radicals in heart failure leading to vascular and myocardial 
dysfunction [7].
Gamma-glutamyl transferase (GGT) is a very important 
enzyme in metabolism of intracellular antioxidant 
glutathione [1, 22]. GGT is an enzyme localised on the 
external surface of cellular membranes. GGT contributes 
to maintenance of physiological concentrations of 
cytoplasmic glutathione and cellular defence against 
oxidative stress via cleavage of extracellular glutathione 
and increased availability of amino acids for its intracellular 
synthesis (Figure 2). Increased GGT activity is a marker 
of antioxidant inadequacy and increased oxidative stress. 
Elevated GGT activity is associated with increased risk of 
such cardiovascular diseases as coronary heart disease, 
stroke, arterial hypertension, heart failure, cardiac 
arrhythmias and all-cause or heart-related mortality [23]. 
The evidence is eaker for the association between elevated 
GGT activity and acute ischemic events or myocardial 
infarction. The risk of heart-related mortality mediated by 

GGT may be explained by the close correlation of GGT 
with conventional cardiovascular disease risk factors and 
various comorbidities, particularly non-alcoholic fatty liver 
disease, alcohol consumption, oxidative stress, metabolic 
syndrome, insulin resistance and systemic inflammation. 
The finding of GGT activity in atherosclerotic plaques and 
correlation of intra-plaque GGT activity with histological 
indexes of plaque instability may suggest participation of 
GGT in the pathophysiology of cardiovascular diseases, 
particularly atherosclerosis [23]. Noteworthy is GGT 
activation of tyrosine kinase. Tyrosine kinase is involved 
in the regulation of potassium channels, expression of 
oxidative processes, in electrical myocardial remodelling 
processes after a heart attack and in heart failure 
development [24].  Gamma-glutamyl transpeptidase 
activity is used to diagnose diseases of the hepatobiliary 
system. The enzyme γ-glutamyltranspeptidase is a target 
for the action of various toxicants [25].
A positive correlation was established between the activity 
of GGT in blood serum and obesity, arterial hypertension 
and diabetes mellitus [26]. Results of a number of studies 
indicate that GGT activity correlates with the severity of 
coronary artery disease [22, 27-29]. The activity of the 
enzyme in the blood serum of patients after MI is higher 
than in healthy population [1, 26, 29]. An association 
was established between the activity of gamma-glutamyl 
transpeptidase and mortality from cardiovascular diseases 
[23, 27, 30, 31].  Enzyme activity was detected in 
atherosclerotic plaques of coronary and cerebral vessels 
[27, 32, 33]. In 2001, for the fi rst time, G. Wannamethee et 
al. in the UK investigated that GGT in patients with coronary 
artery disease was confi rmed by coronary angiography. 
The association between signifi cantly increased levels of 
GGT activity and sudden death from heart diseases was 
estimated. The prognostic value of the serological activity of 
gamma-glutamyl transpeptidase on fatal events in coronary 
heart disease and chronic heart failure was confi rmed [32, 
34]. The effects of GGT as a pro-oxidant are evident within 
atherosclerotic coronary and cerebral plaques, where the 
enzyme was histochemically identifi ed and retained by 
iron-containing proteins – transferrin, ferritin, or even free 
iron shown to be present in suffi cient concentrations in the 
atherosclerotic plaque [24]. It was found that of the four 
available GGT fractions (β-, M-, S-, f-), only the β-fraction of 
GGT was found in atherosclerotic plaques [33]. GGT directly 
stimulates tissue factor expression in mononuclear cells of 
human peripheral blood through a nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-κB)-mediated 
mechanism and the high blood glucose level amplifi es that 
effect. This potentially contributes to the atherothrombotic 
risk related to higher GGT levels, especially in diabetic 
patients [35].
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synthesis of α-factor of tumour necrosis in cardiomyocytes. 
As a result, nitric oxide production is induced, cardiomyocytes 
pumping function decreases, and apoptosis is activated. 
There is obligatory microvascular endothelial infl ammation in 
all patients with preserved ejection fraction heart failure [38, 
39].   There is also obligatory increase in the functional class 
of heart failure and decrease in life quality through increase 
of IL-1, and soluble receptors of IL-2, IL-6 and α-factor of 
tumour necrosis in blood [3]. Reactive radicals play a key 
role in the infl ammatory component of atherosclerosis, where 
they mediate infl ammation formation, which in turn supports 
secretion and processing of the proinfl ammatory cytokines 
interleukin (IL)-1b and IL-8 through caspase-1 activation [40]. 
Protein ST2 should be noted as well. It is a receptor for the family 
of interleukin-1 and exists in two main forms: transmembrane 
(ST2L) and soluble (sST2). The transmembrane form (ST2L) 
interacts with interleukin-33 (IL-33) forming the IL-33/ST2L 
complex protecting cardiomyocytes from undergoing systolic 
overload and prevents the development of myocardial 
hypertrophy [41].

The role of ceruloplasmin in generation of heart failure 
and myocardial infarction
A special place in the antioxidant system is held by 
ceruloplasmin - the main copper-containing glycoprotein of 
blood binding 90-95% of copper in serum and about 3% of 
all copper in the body [3, 5, 42]. In plasma, ceruloplasmin 
performs the function of an “interceptor” of superoxide 
radicals. The acute phase protein ceruloplasmin can 
rightfully be considered as the main antioxidant in blood 
plasma. Ceruloplasmin and transferrin aggregate into an 
antioxidant system regulating concentration of reduced 
ferrum (Fe) ions. Increase of ceruloplasmin in plasma of 
blood is and additional diagnostic marker in hypertrophic 
cardiomyopathy and heart failure [43]. Concentration of 
ceruloplasmin increases by 16% in case of myocardial 
infarction and by 22% in myocardial infarction complicated 
by severe acute left ventricle failure [44]. Patients with high 
content of ceruloplasmin in plasma have a higher risk of 
stroke or myocardial infarction [5]. Elevated ceruloplasmin 
levels in blood and oral fl uid are associated with high risk 
of cardiac events including nonfatal MI, nonfatal stroke or 
death [18, 44]. Ceruloplasmin provides prognostic value 
of 5-year mortality in patients with heart failure that was 
independent from coronary heart disease traditional risk 
factors. Additionally, availability of ceruloplasmin levels can 
reclassify risk for 5-year mortality by 9.33%. On the other 
hand, strict correlation between the level of ceruloplasmin 
in blood serum and ejection fraction of left ventricle and 
brain natriuretic peptides is absent [18]. Ceruloplasmin is 
an independent predictor of long-term all-cause mortality 
in patients with heart failure. The use of ceruloplasmin 

Figure 2. Histochemical demonstration of GGT activity within 
a frozen section of coronary atheroma from endoarteriectomy 
in vivo. Histochemical reaction for GGT enzyme activity was 
performed with the specifi c substrate γ-glutamyl-4-methoxy-2-
naphtylamide and the diazonium salt. Strong GGT activity (red 
stain) is selectively present in correspondence of the core of 
the atheroma, whereas the fi brous cap stains negative (original 
magnifi cation ×20) [36], GGT metabolism of glutathione (GSH) 
within the plaque. The hydrolysis of GSH originates cisteinyl-
glycine, which is a powerful reductant of Fe3+, able to simultane-
ously generate Fe2+ and a free thiyl radical, then oxygen reactive 
species contribute to a prooxidant effect, leading to LDL oxidation 
and likely contributing to other processes, such as metalloprotein-
ase activation, cell proliferation, and apoptosis. The fi gure was 
make by Emdin M, Pompella A, Paolicchi A.  [22].

The activity of mechanisms of infl ammation in the devel-
opment of heart failure
ATP-binding cassette transporter gene G1 attenuated of 
tumour necrosis factor α induces oxidative stress and apoptosis 
in endothelial cells, which may involve decreased NADPH 
oxidase activity and expression of NADPH oxidase subunits 
and antioxidant superoxide dismutase 1 and 2 enzymes 
[37]. Interleukins IL-1, IL-2, IL-6 and γ-interferon may initiate 
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The role of minerals in generation of heart failure and 
myocardial infarction
Acute myocardial infarction is accompanied by long-
term interconnected disturbances in the distribution of 
microelements (copper, zinc, manganese, selenium, 
potassium, sodium, magnesium, calcium) in the body [52]. 
During the acute stage of myocardial infarction, a defi cit of 
magnesium in the blood and an increase in the concentration 
of iron are present [3]. There is a direct correlation between 
high Fe2+ levels, the risk of coronary heart disease and 
myocardial infarction. During progressive angina pectoris 
without development of MI, the concentration of serum iron 
also exceeds normal values, but does not reach the level that 
is observed in case of myocardial infarction [53]. Anaemia 
is in correlation with premature development of coronary 
heart disease, chronic heart failure, cardiac arrhythmias and 
sudden death from cardiac pathology [1, 9]. Concentrations 
of pro-infl ammatory markers of interleukin-6, interleukin-10 
and C-reactive protein in patients with myocardial infarction, 
along with the value of ferritin, correlate with the risk of 
sudden death in patients with coronary artery disease [40, 
54, 55]. During a study of concentration of individual chemical 
elements in various parts of the hearts of patients who died 
from myocardial infarction, it was found that there always 
were 4 macroelements (sulphur, chlorine, potassium, calcium) 
and 13 microelements (chromium, manganese, iron, nickel, 
copper, zinc, selenium, bromine, rubidium, strontium, arsenic, 
molybdenum, mercury). Strontium, chromium and mercury 
were only detected in the necrosis region, which can be 
considered as laboratory post-mortem markers of myocardial 
infarction [56].
Contents of iron in peripheral blood of patients with heart failure 
has to be controlled as decrease of serum iron concentration 
is associated with duration of heart failure worsening, and 
intravenous injection of drugs containing iron may improve 
heart failure outcomes [57].
Experimental myocardial infarction revealed a signifi cant 
excess of calcium concentration in myocardial tissue, which 
correlates with the clinical severity of the disease along with 
troponin, echocardiographic indicators of systolic insuffi ciency, 
and “wet” ventricular weight. At the same time, copper and 
selenium were recorded in high concentrations in the necrosis 
area [58]. 
Zinc – a powerful antioxidant, a component of superoxide 
dismutase – is crucial for protecting cardiomyocytes from 
damage. In patients with myocardial infarction, zinc defi ciency 
and high concentration of copper and iron were detected in 
the whole blood, urine, and scalp hair [59]. The degree of zinc 
reduction in myocardial infarction depends on the disease 
severity and is more signifi cant for large focal heart attacks, 
especially with the presence of arterial hypertension [60]. 
Copper defi ciency may lead to impaired collagen synthesis 

in combination with brain natriuretic peptides may help 
to identify patients at heightened risk of mortality from 
cardiovascular events [45].

The role of fat-soluble antioxidants in development of 
heart failure and myocardial infarction
Reconstituted ubiquinone is a fat-soluble antioxidant that is 
synthesised in animal and human cells and is also constantly 
regenerated from the oxidized form using enzyme systems 
of the body. Ubiquinone is present in all cellular membranes, 
serum and LD-lipoproteins [46].  Ubiquinone is able to 
regenerate the restored form of vitamin E and correlates with 
the level of cholesterol [30]. Coenzyme Q defi ciency indicates 
an unfavourable prognosis of heart failure [11]. Ubiquinone 
may improve endothelial dysfunction, can possibly enhance 
cardiac ATP production and may be an adjunctive therapeutic 
option for patients with heart failure with reduced ejection 
fraction. Evidence to support its widespread use is limited by 
small, heterogeneous studies [34]. 
A-tocopherol (Vitamin E) is a naturally occurring basic fat-
soluble antioxidant and stabiliser of biological membranes. 
Nevertheless, upon radical-scavenging, α-tocopherol itself 
is converted into a pro-oxidant radical (tocopheroxyl radical) 
potentially limiting its in vivo effi cacy [7].  Alpha-tocopherol is 
able to integrate into the lipid layer of membranes and thereby 
have a membrane-protective and membrane-stabilising 
effect.  Its high antioxidant activity is due to the hydroxyl group 
of the ring [3]. In the blood serum of patients with myocardial 
infarction, the concentration of α-tocopherol decreases from 
the fi rst hours of the disease remaining lowered after 24 
hours [47]. Plasma α-tocopherol decreases by the fi rst day 
of MI, and then increases by 7 days [21]. In the study by 
Ruiz Rejon F. [47], there were no signifi cant changes in the 
concentration of α-tocopherol in the blood serum of patients 
with MI in the fi rst 24 hours of the disease. However, the 
content of alpha-tocopherol in the blood plasma of patients 
with MI on days 1, 2, 3, 7, 14-16 signifi cantly increased 
compared with the content of vitamin E in healthy human 
plasma. The maximum values   of endogenous α-tocopherol 
of blood plasma were observed on the 3rd day of myocardial 
infarction [48]. In patients with myocardial infarction, a 
decrease in the level of lipophilic antioxidants in the adipose 
tissue contributes to progression and complications of the 
disease. Administration of high doses of vitamin E worsens 
rather than improves the vascular function [49], which may 
be related to formation of the pro-oxidative vitamin E radical 
[50]. This may also explain why long-term treatment with 
vitamin E does not prevent but rather induces heart failure 
and acute left heart decompensation, which was shown in 
the HOPE (Heart Outcomes Prevention Evaluation) and 
HOPE-TOO (Heart Outcomes Prevention Evaluation Study-
The Ongoing Outcomes) trials [37, 51].
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risk of sudden death and an unfavourable prognosis for life 
during the fi rst month [67].

The role of hormones in formation  of heart failure and 
myocardial infarction
The thyroid hormone triiodothyronine improves myocardial 
contractile function and improves heart geometry in acute 
myocardial infarction [68]. A decrease  in the concentration 
of triiodothyronine is a risk factor for coronary heart disease 
even after the exclusion of traditional risk factors [69]. 
Tetraiodothyronine and thyroid-stimulating hormone do not 
have a signifi cant relation to prevalence of atherosclerotic 
plaques in coronary arteries [70]. In experimental animals (dogs 
and rats) with hypothyroidism, the area of myocardial infarction 
is larger than without hypothyroidism. After 4 weeks, animals 
with hypothyroidism have a more pronounced left ventricular 
dysfunction, large amounts of heart attack and greater fi nal 
diastolic volumes of the left ventricle [70]. Changes in the level 
of thyroid hormones in patients with myocardial infarction and 
heart failure have poor prognostic value [71]. 
In 2018, the role of compounds that activate hypothalamus 
activities and cardiomyocytes proliferation in vitro was 
described. The authors synthesized a novel multifaceted 
fl uorinated compound TT-10 from a biologically hit compound. 
The novel multifaceted fl uorinated compound TT-10 showed 
promising features of CM proliferative, antioxidant, and 
antiapoptotic activities in vitro. Intraperitoneal injection of TT-
10 in mice after myocardial infarction promoted proliferation of 
cardiomyocytes and reduced infarct size and fi brosis, which 
resulted in amelioration of cardiac dysfunction [72].

Conclusion

Development of such acute and chronic pathology of the 
cardiovascular system as myocardial infarction and chronic 
heart failure is associated with free radical oxidation 
processes. The connections between oxidative stress, 
telomere biology, and cell senescence play the key role in 
formation of cardiovascular pathology. Main biochemical 
processes occur in the mitochondria of cardiomyocytes. 
Free radicals contribute to appearance of a lesion of stunned 
myocardium around the ischemic foci. The effects of GGT as 
a pro-oxidant are evident within atherosclerotic coronary and 
cerebral plaques, acute myocardial injury and chronic heart 
failure.  A high dose of antioxidant vitamin E worsens rather 
than improves vascular function, which may be related to the 
formation of the pro-oxidative vitamin E radical and increase 
heart failure.  High uric a cid values in patients with myocardial 
infarction upon admission to the hospital are associated 
with a high risk of sudden death. Increase of ceruloplasmin 

and, as a result, to atherosclerotic changes in blood vessels 
and hypertension through a decrease in cyclooxygenase 
activity. This may serve as a risk factor in development of 
heart hypertrophy, arrhythmias and coronary circulation 
disorders. A signifi cant defi ciency of copper in plasma 
appears with extensive Q-positive myocardial infarction. This 
is explained by the accumulation of copper in the myocardium 
and depletion of its reserves in plasma and lymph, since 
copper is one of vascular tone regulators [61]. In the blood 
of patients with pseudo infarction cardiosclerosis, copper 
concentration is signifi cantly higher than in healthy ones, and 
zinc concentration is within normal values [59].
The antioxidant microelement cobalt increases formation 
of endothelial progenitor cells [62]. The presence of low 
concentrations of ascorbic acid in endothelial cells signifi cantly 
reduces the concentration of hypoxia-inducing-factor-1-α 
associated with cobalt metabolism and protection against 
free radicals oxygenation. In the group of patients with acute 
myocardial infarction, two hours after the disease onset, the 
albumin-binding ability of cobalt increased signifi cantly, while 
troponin had not yet responded [62]. The albumin-binding 
ability of cobalt can be an important diagnostic marker for 
acute coronary syndrome since changes in the blood only 
occur with myocardial ischemia [63, 64].

The role of  uric acid in development of heart failure and 
myocardial infarction
 Uric acid has a high redox potential and is able to restore 
ascorbic acid. Even a moderate increase in the concentration 
of uric acid in blood plasma is associated with a high risk 
of myocardial infarction, stroke, congestive heart failure in 
people without heart disease [1, 65]. In chronic HF, levels 
of serum uric acid rise with increased purine catabolism 
resulting from tissue hypoxia, apoptosis, and enhanced 
or upregulated xanthine oxidoreductase activity [7]. The 
result of apoptosis and tissue hypoxia enhance purine 
catabolism, which in in turn increases xanthine oxidase 
activity and subsequently serum uric acids level. Increased 
serum level of uric acid in the blood leads to an increase 
in the enzymatic activity of xanthine oxidase and increased 
oxidative stress forming thereby a vicious circle [8]. There is 
a close correlation between the concentration of uric acid in 
plasma and the severity of acute heart failure according to T. 
Killip in patients in the acute period of myocardial infarction. 
On admission of patients with repeated heart attacks, the 
concentration of uric acid was signifi cantly higher than in 
patients with the fi rst myocardial infarction. The highest level 
of uric acid was registered in individuals who died within 3 
days from the onset of myocardial infarction with acute left 
ventricular insuffi ciency IV standard according to Killip [66]. 
High uric acid values in patients with myocardial infarction 
upon admission to the hospital are associated with a high 
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in plasma– additional diagnostic sign of hypertrophic 
cardiomyopathy and heart failure. High level of plasmas and 
salivates ceruloplasmin is a marker of not limited infl ammation 
process in necrotic zone of myocardial infarction. 

dase 3 and Risk of Cardiovascular Events in Patients With Atrial 
Fibrillation. J Am Heart Assoc. 2016;5(9):e003682. https://doi.
org/10.1161/JAHA.116.003682

12. Bloomfi eld GS, Alenezi F, Barasa FA, Lumsden R, Mayosi BM, 
Velazquez EJ. Human Immunodefi ciency Virus and Heart Fail-
ure in Low- and Middle-Income Countries. JACC Heart Fail. 
2015;3(8):579–90. https://doi.org/10.1016/j.jchf.2015.05.003

13. Heinecke JW. Oxidized amino acids: culprits in human athero-
sclerosis and indicators of oxidative stress. Free Radic Biol 
Med. 2002;32(11):1090–101. https://doi.org/10.1016/s0891-
5849(02)00792-x

14. Chukaeva II, Orlova NV, Evdokimov FA, Aleshkin VA, Solosh-
enkova OO, Novikova LI, et al. Infl ammation role and anti-in-
fl ammatory strategies in acute cardiovascular pathology. Rus-
sian Journal of Cardiology. 2009;(5):30–4. Russian. https://doi.
org/10.15829/1560-4071-2009-5-30-34

15. Witte KK, Byrom R. Micronutrients for chronic heart failure: 
end of the road or path to enlightenment? JACC Heart Fail. 
2014;2(3):318–20. https://doi.org/10.1016/j.jchf.2014.04.001

16. Dominguez-Rodriguez A, Abreu-Gonzalez P, Reiter RJ. 
Clinical aspects of melatonin in the acute coronary syn-
drome. Curr Vasc Pharmacol. 2009;7(3):367–73. https://doi.
org/10.2174/157016109788340749

17. Niemann B, Rohrbach S, Miller MR, Newby DE, Fuster V, Ko-
vacic JC. Oxidative Stress and Cardiovascular Risk: Obesity, 
Diabetes, Smoking, and Pollution: Part 3 of a 3-Part Series. J 
Am Coll Cardiol. 2017;70(2):230–51. https://doi.org/10.1016/j.
jacc.2017.05.043

18. Terekhina NA, Goryacheva OG, Petrovich YuA, Reuk SE, Zubarev 
MA. The investigation of a 1-antitripsin, orozomukoid and cerulo-
plasmin in peripheral blood and oral fl uid. paradontitis is one of 
more risk factors of cardiovascular diseases. Patologicheskaya 
Fiziologiya i Eksperimental’naya Terapiya. 2012;56(2):18–21. 
Russian. 

19. Goryacheva OG, Koziolova NA. Heart failure in human immuno-
defi ciency virus-infected patients. Russian Journal of Cardiology. 
2020;25(1):3706. Russian. https://doi.org/10.15829/1560-4071-
2020-1-3706

20. Zhu ZW, Tang JJ, Chai XP, Fang ZF, Liu QM, Hu XQ, et al. 
Comparison of heart failure and COVID-19 in chest CT fea-
tures and clinical characteristics. Zhonghua Xin Xue Guan Bing 

References

1. Sack MN, Fyhrquist FY, Saijonmaa OJ, Fuster V, Kovacic JC. Ba-
sic Biology of Oxidative Stress and the Cardiovascular System: 
Part 1 of a 3-Part Series. J Am Coll Cardiol. 2017;70(2):196–211. 
https://doi.org/10.1016/j.jacc.2017.05.034

2. Stocker R, Keaney JF Jr. Role of oxidative modifi cations in ath-
erosclerosis. Physiol Rev. 2004;84(4):1381–478. https://doi.
org/10.1152/physrev.00047.2003

3. Rahal A, Kumar A, Singh V, Yadav B, Tiwari R, Chakraborty 
S, et al. Oxidative stress, prooxidants, and antioxidants: the 
interplay. Biomed Res Int. 2014;2014:761264. https://doi.
org/10.1155/2014/761264

4. Hill MF, Singal PK. Antioxidant and oxidative stress changes dur-
ing heart failure subsequent to myocardial infarction in rats. Am J 
Pathol. 1996;148(1):291–300. 

5. Zip es DP, Libby P, Bonow RO, Mann DL, Tomaselli GF, editors. 
Braunwald’s Heart Disease: A Textbook of Cardiovascular Medi-
cine, Single Volume. 11th edition. Elsevier; 2019. p. 1–2040.

6. Wende AR, Brahma MK, McGinnis GR, Young ME. Metabolic Ori-
gins of Heart Failure. JACC Basic Transl Sci. 2017;2(3):297–310. 
https://doi.org/10.1016/j.jacbts.2016.11.009

7. Münzel T, Camici GG, Maack C, Bonetti NR, Fuster V, Kovacic 
JC. Impact of Oxidative Stress on the Heart and Vasculature: 
Part 2 of a 3-Part Series. J Am Coll Cardiol. 2017;70(2):212–29. 
https://doi.org/10.1016/j.jacc.2017.05.035

8. Razvi S, Jabbar A, Pingitore A, Danzi S, Biondi B, Klein I, et al. 
Thyroid Hormones and Cardiovascular Function and Diseases. J 
Am Coll Cardiol. 2018;71(16):1781–96. https://doi.org/10.1016/j.
jacc.2018.02.045

9. Zhu Z, Wang K, Wang J, Chi R, Yang Z, Xu H, et al. GW29-
e1773 Enhanced oxidative stress mediates pathological au-
tophagy in cardiac myocytes in pressure overload induced heart 
failure in rats. J Am Coll Cardiol. 2018;72(16):C58. https:/ /doi.
org/10.1016/j.jacc.2018.08.212

10. Molina AJ, Bharadwaj MS, Van Horn C, Nicklas BJ, Lyles MF, 
Eggebeen J, et al. Skeletal Muscle Mitochondrial Content, Oxida-
tive Capacity, and Mfn2 Expression Are Reduced in Older Pa-
tients With Heart Failure and Preserved Ejection Fraction and Are 
Related to Exercise Intolerance. JACC Heart Fail. 2016;4(8):636–
45. https://doi.org/10.1016/j.jchf.2016.03.011

11. Pastori D, Pignatelli P, Farcomeni A, Menichelli D, Nocella C, 
Carnevale R, et al. Aging-Related Decline of Glutathione Peroxi-



162

Medical University

Biol. 2008;28(10):1857–65. https://doi.org/10.1161/ATVBA-
HA.108.170597

32. Franzini M, Paolicchi A, Fornaciari I, Ottaviano V, Fierabracci V, 
Maltinti M, et al. Cardiovascular risk factors and gamma-glutam-
yltransferase fractions in healthy individuals. Clin Chem Lab Med. 
2010;48(5):713–7. https://doi.org/10.1515/CCLM.2010.125

33. Sharma A, Fonarow GC, Butler J, Ezekowitz JA, Felker GM. 
Coenzyme Q10 and Heart Failure: A State-of-the-Art Review. 
Circ Heart Fail. 2016;9(4):e002639. https://doi.org/10.1161/
CIRCHEARTFAILURE.115.002639

34. Tereshchenko SN, Zhirov IV, Nasonova SN, Nikolaeva OA, Le-
dyakhova MV. Pathophysiology of acute heart failure. What’s 
new? Russian Journal of Cardiology. 2016;9(137):52–64. Rus-
sian. https://doi.org/10.15829/1560-4071-2016-9-52-64 

35. Irving BA, Lanza IR, Henderson GC, Rao RR, Spiegelman BM, 
Nair KS. Combined training enhances skeletal muscle mitochondri-
al oxidative capacity independent of age. J Clin Endocrinol Metab. 
2015;100(4):1654–63. https://doi.org/10.1210/jc.2014-3081

36. Paolicchi A, Emdin M, Ghliozeni E, Ciancia E, Passino C, Popoff 
G, et al. Images in cardiovascular medicine. Human atheroscle-
rotic plaques contain gamma-glutamyl transpeptidase enzyme ac-
tivity. Circulation. 2004;109(11):1440. https://doi.org/10.1161/01.
CIR.0000120558.41356.E6

37. Xue J, Huang H, Zhu C. GW28-e1203 ABCG1 attenuates Oxida-
tive Stress Induced by TNF-α through the inhibition of NADPH 
oxidase and the upregulation of antioxidant enzymes in endo-
thelial cells. J Am Coll Cardiol. 2018;70(16S):C46–7. https://doi.
org/10.1016/j.jacc.2017.07.160

38. Franssen C, Chen S, Unger A, Korkmaz HI, De Keulenaer 
GW, Tschöpe C, et al. Myocardial Microvascular Infl ammatory 
Endothelial Activation in Heart Failure With Preserved Ejec-
tion Fraction. JACC Heart Fail. 2016;4(4):312–24. https://doi.
org/10.1016/j.jchf.2015.10.007

39. Harouki N, Nicol L, Remy-Jouet I, Henry JP, Dumesnil A, Lejeune 
A, et al. The IL-1β Antibody Gevokizumab Limits Cardiac Remod-
eling and Coronary Dysfunction in Rats With Heart Failure. JACC 
Basic Transl Sci. 2017;2(4):418–30. https://doi.org/10.1016/j.
jacbts.2017.06.005 

40. Li H, Horke S, Förstermann U. Vascular oxidative stress, nitric 
oxide and atherosclerosis. Atherosclerosis. 2014;237(1):208–19. 
https://doi.org/10.1016/j.atherosclerosis.2014.09.001 

41. Ghafourian K, Shapiro JS, Goodman L, Ardehali H. Iron and 
Heart Failure: Diagnosis, Therapies, and Future Directions. JACC 
Basic Transl Sci. 2020;5(3):300–13. https://doi.org/10.1016/j.
jacbts.2019.08.009

42. Terekhina NA, Petrovich YuA. Free radical oxidation and antioxi-
dant system. Perm; 2005. p. 1–57. Russian.

43. Kennedy DJ, Fan Y, Wu Y, Pepoy M, Hazen SL, Tang WH. 
Plasma ceruloplasmin, a regulator of nitric oxide activity, 
and incident cardiovascular risk in patients with CKD. Clin J 
Am Soc Nephrol. 2014;9(3):462–7. https://doi.org/10.2215/
CJN.07720713

Za Zhi. 2020;48(6):467–71. Chinese. https://doi.org/10.3760/
cma.j.cn112148-20200218-00093

21. Cheng ML, Chen C M, Ho HY, Li JM, Chiu DT. Effect of acute myo-
cardial infarction on erythrocytic glutathione peroxidase 1 activity 
and plasma vitamin E levels. Am J Cardiol. 2009;103(4):471–75. 
https://doi.org/10.1016/j.amjcard.2008.09.104

22. Emdin M, Pompella A, Paolicchi A. Gamma-glutamyltransferase, 
atherosclerosis, and cardiovascular disease: triggering oxida-
tive stress within the plaque. Circulation. 2005;112(14):2078–80. 
https://doi.org/10.1161/CIRCULATIONAHA.105.571919

23. Ndrepepa G, Kastrati A. Gamma-glutamyl transferase and car-
diovascular disease. Ann Transl Med. 2016;4(24):481. https://doi.
org/10.21037/atm.2016.12.27

24. Zheng MQ, Tang K, Zimmerman MC, Liu L, Xie B, Rozanski GJ. 
Role of gamma-glutamyl transpeptidase in redox regulation of 
K+ channel remodeling in postmyocardial infarction rat hearts. 
Am J Physiol Cell Physiol. 2009;297(2):C253–62. https://doi.
org/10.1152/ajpcell.00634.2008

25. Terekhina NA, Terekhin GA, Zhidko EV, Goryacheva OG. Oxi-
dative modifi cation of proteins, permeability of erythrocyte 
membranes and activity gamma-glutamiltranspeptidase in 
various intoxications. Medical science and education of Ural. 
2019;20(4):78–82. Russian.

26. Lee DH, Silventoinen K, Hu G, Jacobs DR Jr, Jousilahti P, 
Sundvall J, et al. Serum gamma-glutamyltransferase predicts 
non-fatal myocardial infarction and fatal coronary heart dis-
ease among 28,838 middle-aged men and women. Eur Heart 
J. 2006;27(18):2170–6. https://doi.org/10.1093/eurheartj/
ehl086

27. Ruttmann E, Brant LJ, Concin H, Diem G, Rapp K, Ulmer H. 
Gamma-glutamyltransferase as a risk factor for cardiovascular 
disease mortality: an epidemiological investigation in a cohort 
of 163,944 Austrian adults. Circulation. 2005;112(14):2130–7. 
https://doi.org/10.1161/CIRCULATIONAHA.105.552547

28. Emdin M, Passino C, Michelassi C, Titta F, L’abbate A, Donato L, 
et al. Prognostic value of serum gamma-glutamyl transferase ac-
tivity after myocardial infarction. Eur Heart J. 2001;22(19):1802–
7. https://doi.org/10.1053/euhj.2001.2807 

29. Karlson BW, Wiklund O, Hallgren P, Sjölin M, Lindqvist J, Her-
litz J. Ten-year mortality amongst patients with a very small or 
unconfi rmed acute myocardial infarction in relation to clinical his-
tory, metabolic screening and signs of myocardial ischaemia. J 
Intern Med. 2000;247(4):449–56. https://doi.org/10.1046/j.1365-
2796.2000.00679.x

30. Ulus T, Yildirir A, Sade LE, Temiz A, Polat E, Bozbaş H, et al. Serum 
gamma-glutamyl transferase activity: new high-risk criteria in acute 
coronary syndrome patients? Coron Artery Dis. 2008;19(7):489–
95. https://doi.org/10.1097/MCA.0b013e32830eab8c

31. Strasak AM, Kelleher CC, Klenk J, Brant LJ, Ruttmann E, Rapp K, 
et al. Longitudinal change in serum gamma-glutamyltransferase 
and cardiovascular disease mortality: a prospective population-
based study in 76,113 Austrian adults. Arterioscler Thromb Vasc 



163

Medical University

cholamine cardiotoxicity. Hum Exp Toxicol. 2009;28(10):631–40. 
https://doi.org/10.1177/0960327109350665

57. Jankowska EA, von Haehling S, Anker SD, Macdougall IC, Poni-
kowski P. Iron defi ciency and heart failure: diagnostic dilemmas 
and therapeutic perspectives. Eur Heart J. 2013;34(11):816–29. 
https://doi.org/10.1093/eurheartj/ehs224

58. Kazi TG, Afridi HI, Kazi N, Jamali MK, Arain MB, Sarfraz RA, et 
al. Distribution of zinc, copper and iron in biological samples of 
Pakistani myocardial infarction (1st, 2nd and 3rd heart attack) pa-
tients and controls. Clin Chim Acta. 2008;389(1–2):114–9. https://
doi.org/10.1016/j.cca.2007.12.004

59. Shokrzadeh M, Ghaemian A, Salehifar E, Aliakbari S, Saravi SS, 
Ebrahimi P. Serum zinc and copper levels in ischemic cardiomy-
opathy. Biol Trace Elem Res. 2009;127(2):116–23. https://doi.
org/10.1007/s12011-008-8237-1

60. Hoenig MR, Bianchi C, Sellke FW. Hypoxia inducible factor-1 
alpha, endothelial progenitor cells, monocytes, cardiovascu-
lar risk, wound healing, cobalt and hydralazine: a unifying hy-
pothesis. Curr Drug Targets. 2008;9(5):422–35. https://doi.
org/10.2174/138945008784221215

61. Lele S, Shah S, McCullough PA, Rajapurkar M. Serum catalytic 
iron as a novel biomarker of vascular injury in acute coronary 
syndromes. EuroIntervention. 2009;5(3):336–42. https://doi.
org/10.4244/v5i3a53

62. Qiao H, Li L, Qu ZC, May JM. Cobalt-induced oxidant stress 
in cultured endothelial cells: prevention by ascorbate in rela-
tion to HIF-1alpha. Biofactors. 2009;35(3):306–13. https://doi.
org/10.1002/biof.43

63. Bhagavan NV, Lai EM, Rios PA, Yang J, Ortega-Lopez AM, 
Shinoda H, et al. Evaluation of human serum albumin cobalt 
binding assay for the assessment of myocardial ischemia and 
myocardial infarction. Clin Chem. 2003;49(4):581–5. https://doi.
org/10.1373/49.4.581 

64. Holme I, Aastveit AH, Hammar N, Jungner I, Walldius G. Uric acid 
and risk of myocardial infarction, stroke and congestive heart fail-
ure in 417,734 men and women in the Apolipoprotein MOrtality 
RISk study (AMORIS). J Intern Med. 2009;266(6):558–70. https://
doi.org/10.1111/j.1365-2796.2009.02133.x

65. Nadkar MY, Jain VI. Serum uric acid in acute myocardial infarc-
tion. J Assoc Physicians India. 2008;56:759–62.

66. Car S, Trkulja V. Higher serum uric acid on admission is associat-
ed with higher short-term mortality and poorer long-term survival 
after myocardial infarction: retrospective prognostic study. Croat 
Med J. 2009;50(6):559–66.

67. Dan GA. Thyroid hormones and the heart. Heart Fail Rev. 
2016;21(4):357–9. https://doi.org/10.1007/s10741-016-9555-6 

68. Coceani M, Iervasi G, Pingitore A, Carpeggiani C, L’Abbate A. 
Thyroid hormone and coronary artery disease: from clinical corre-
lations to prognostic implications. Clin Cardiol. 2009;32(7):380–5. 
https://doi.org/10.1002/clc.20574 

69. Yaman B, Cerit L, Günsel HK, Günsel A, Usalp S, Yüksek Ü, et 
al. Association between subclinical hypothyroidism and coronary 

44. Jenkins DJA, Spence JD, Giovannucci EL, Kim YI, Josse R, Vieth 
R, et al. Supplemental Vitamins and Minerals for CVD Prevention 
and Treatment. Am Coll Cardiol. 2018;71(22):2570–84. https://
doi.org/10.1016/j.jacc.2018.04.020

45. Rosano GM, Vitale C. Metabolic Modulation of Cardiac Metabo-
lism in Heart Failure. Card Fail Rev. 2018;4(2):99–103. https://doi.
org/10.15420/cfr.2018.18.2

46. Molyneux SL, Florkowski CM, George PM, Pilbrow AP, Framp-
ton CM, Lever M, et al. Coenzyme Q10: an independent pre-
dictor of mortality in chronic heart failure. J Am Coll Cardiol. 
2008;52(18):1435–41. https://doi.org/10.1016/j.jacc.2008.07.044 

47. Ruiz Rejón F, Martín-Peña G, Granado F, Ruiz-Galiana J, Blan-
co I, Olmedilla B. Plasma status of retinol, alpha- and gamma-
tocopherols, and main carotenoids to fi rst myocardial infarction: 
case control and follow-up study. Nutrition. 2002;18(1):26–31. 
https://doi.org/10.1016/s0899-9007(01)00683-9

48. Terekhina NA, Goryacheva OG. Infl uence of heart failure sever-
ity on the content of alpha-tocopherol in erythrocytes of blood in 
myocardial infarction. Medical alphabet. 2015;1(2):52–3. Rus-
sian.

49. Keaney JF Jr, Gaziano JM, Xu A, Frei B, Curran-Celentano J, 
Shwaery GT, et al. Low-dose alpha-tocopherol improves and 
high-dose alpha-tocopherol worsens endothelial vasodilator func-
tion in cholesterol-fed rabbits. J Clin Invest. 1994;93(2):844–51. 
https://doi.org/10.1172/JCI117039

50. Stocker R. The ambivalence of vitamin E in atherogenesis. 
Trends Biochem Sci. 1999;24(6):219–23. https://doi.org/10.1016/
s0968-0004(99)01404-8

51. Lonn E, Bosch J, Yusuf S, Sheridan P, Pogue J, Arnold JM, et 
al. Effects of long-term vitamin E supplementation on cardiovas-
cular events and cancer: a randomized controlled trial. JAMA. 
2005;293(11):1338–47. https://doi.org/10.1001/jama.293.11.1338

52. Fiarresga AJ, Feliciano J, Fernandes R, Martins A, Pelicano N, 
Timóteo AT, et al. Relationship between coronary disease and 
subclinical hypothyroidism: an angiographic study. Rev Port Car-
diol. 2009;28(5):535–43.

53. Depalma RG, Hayes VW, Chow BK, Shamayeva G, May PE, 
Zacharski LR. Ferritin levels, infl ammatory biomarkers, and 
mortality in peripheral arterial disease: a substudy of the Iron 
(Fe) and Atherosclerosis Study (FeAST) Trial. J Vasc Surg. 
2010;51(6):1498–503. https://doi.org/10.1016/j.jvs.2009.12.068

54. Shreĭder EV, Shakhnovich Rm, Kaznacheeva EI, Bosykh EG, 
Tkachev GA, Ruda MIa. Comparative dynamics of markers of in-
fl ammation and NT-proBNP in different variants of treatment of 
patients with ACS. Kardiologiia. 2008;48(8):20–7. Russian. 

55. Okuneva GN, Chernyavsky AM, Levicheva EN, Loginova IYu, 
Volkov AM, Trunova VA, et al. Content of microelements in left 
ventricular myocardium of patients with ischemic heart disease. 
Data of roentgenofl uorescent analysis with the use of synchrotron 
irradiation. Kardiologiia. 2006;46(10):13–7. Russian.

56. Mladenka P, Hrdina R, Bobrovová Z, Semecky V, Vávrová J, 
Holecková M, et al. Cardiac biomarkers in a model of acute cate-



164

Medical University

artery disease. Progress in Nutrition. 2019;21(4):871–5. https://
doi.org/10.23751/pn.v21i4.7979

70. Chen YF, Redetzke RA, Said S, Beyer AJ, Gerdes AM. Chang-
es in left ventricular function and remodeling after myocar-
dial infarction in hypothyroid rats. Am J Physiol Heart Circ 
Physiol. 2010;298(1):H259–62. https://doi.org/10.1152/ajp-
heart.00755.2009

71. Wang W, Zhang L, Battiprolu PK, Fukushima A, Nguyen K, Mil-
ner K, et al. Malonyl CoA decarboxylase Inhibition improves car-
diac function post-myocardial infarction. JACC Basic Transl Sci. 
2019;4(3):385–400. doi.org/10.1016/j.jacbts.2019.02.003 

72. Freaney PM, Shah SJ, Khan SS. COVID-19 and Heart Failure 
With Preserved Ejection Fraction. JAMA. 2020;324(15):1499–
1500. https://doi.org/10.1001/jama.2020.17445



PANTON-VALENTINE LEUKOCIDIN-
POSITIVE METHICILLIN-RESISTANT 
STAPHYLOCOCCUS AUREUS WITH 
REDUCED VANCOMYCIN SUSCEPTIBILITY: 
AN EMERGING TREND?
Tatsuo Yamamoto1,2, Olga E. Khokhlova1,2, Tsai-Wen Wan1,3, Darya N. Akhusheva2, Ivan V Reva1, Olga V. Peryanova2, Lee-Jene 
Teng3

1Department of Epidemiology, Genomics, and Evolution, International Medical Education and Research Center, Niigata, Japan
2Russia-Japan Laboratory of Microbiology, Metagenomics, Federal State Budgetary Educational Institution of Higher Education «Prof. V.F. Voino-
Yasenetsky Krasnoyarsk State Medical University» of the Ministry of Healthcare of the Russian Federation, Krasnoyarsk, Russian Federation
3Department of Clinical Laboratory Sciences and Medical Biotechnology, National Taiwan University College of Medicine, Taipei, Taiwan

Abstract
Methicillin-resistant Staphylococcus aureus (MRSA) is a major multidrug-resistant nosocomial pathogen. This 
class of MRSA, fi rst reported in the early 1960s and now termed healthcare-associated MRSA (HA-MRSA), was 
followed by a newer class of MRSA, community-associated MRSA (CA-MRSA). The unique feature of the initial CA-
MRSA included Panton-Valentine leukocidin (PVL), an abscess-associated toxin and also S. aureus spread factor. 
CA-MRSA usually causes skin and soft-tissue infections, but occasionally causes invasive infections, including 
(necrotizing) pneumonia, sometimes preceded by respiratory virus infections. The most successful CA-MRSA 
USA300 (ST8/SCCmecIVa) caused an epidemic in the United States. In Russia, we fi rst detected PVL-positive CA-
MRSA (ST30/SCCmecIVc) in Vladivostok in 2006, but with no more PVL-positive MRSA isolation. However, we 
recently isolated four lineages of PVL-positive MRSA in Krasnoyarsk. Regarding chemotherapy against invasive 
MRSA infections, vancomycin still remains a gold standard, in addition to some other anti-MRSA agents such as 
teicoplanin, linezolid, and daptomycin. For resistance, vancomycin-resistant MRSA (VRSA) with MICs of ≥16 μg/mL 
appeared in patients, but cases are still limited. However, clinically, infections from strains with MICs of ≥1.5 μg/mL, 
even albeit with susceptible MICs (≤2 μg/mL), respond poorly to vancomycin. Some of those bacteria have been 
bacteriologically characterized as vancomycin-intermediate S. aureus (VISA) and heterogeneous VISA (hVISA), 
generally with HA-MRSA genetic backgrounds. The features of the above PVL-positive Krasnoyarsk MRSA include 
reduced susceptibility to vancomycin, which meets the criteria of hVISA. In this review, we discuss a possible new 
trend of PVL-positive hVISA, which may spread and threaten human health in community settings.

Keywords
methicillin-resistant Staphylococcus aureus (MRSA) • Panton-Valentine leukocidin (PVL) • heterogeneous vancomycin-inter-
mediate S. aureus (hVISA) • genotype • community setting • bacterial cell structure • oxacillin/imipenem/meropenem resistance
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Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is 
a major multidrug-resistant (MDR) pathogen [1-5], once 
again recognized by the World Health Organization (WHO) 
in 2014 [6]. The term MRSA includes healthcare-associated 
MRSA (HA-MRSA) and community-associated MRSA (CA-
MRSA) [1-3]. HA-MRSAs, emerging in the early 1960s, 
are most frequently associated with infections in hospital 
in-patients (particularly the elderly), such as ventilator-
associated pneumonia, bloodstream infections, catheter-
associated urinary tract infections, surgical site infections 

[1, 3, 7, 8]. They are usually resistant to antibacterial 
drugs frequently used in hospital settings, such as 
fl uoroquinolones [1, 3, 4]. HA-MRSA lineages include, for 
example, ST239/SCCmecIII and ST5/SCCmecII [9, 10]; 
SCCmecII and SCCmecIII are associated with HA-MRSA 
[2, 3, 11]. 
CA-MRSA has been noted more recently than HA-MRSA, 
since 1997-1999 [12]. CA-MRSA infections occur in healthy 
individuals in community settings (including children [1, 
3, 7] and athletes [13]), usually causing skin and soft-

© 2020 Tatsuo Yamamoto. This is an open access article distributed under 
the Creative Commons Attribution-NonCommercial-NoDerivs license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Review Article • DOI: http://dx.doi.org/10.2478/medu-2020-0020 Medical University • 3(4) • 2020

Corresponding author: T. Yamamoto

E-mail: tatsuoy@imerc.jp



166

Medical University

Methods

Our epidemiological and experimental data on Krasnoyarsk 
isolates are used as the bases for this review. Table 1 and 
Table 2 [44-51], respectively, summarize the methods 
of susceptibility testing and MRSA strains used in this 
study. For analysis, the PVL-positive and vancomycin-
susceptible CA-MRSA strain RS08 (ST30/SCCmecIVc) 
from Vladivostok [25], and PVL-negative and vancomycin-
susceptible CA-MRSA strain OC8 (ST8/SCCmecIVc) [44, 
45] and HA-MRSA strain OC3 (ST239/SCCmecIIIA[3A&5]) 
[44] from Krasnoyarsk were used as reference strains (Table 
2). VISA strain Mu50 [32, 46-49] and hVISA strain Mu3 [32, 
50] were also used as reference strains (Table 2); Mu50 
and Mu3 were kindly provided by K. Hiramatsu (Juntendo 
University, Tokyo, Japan). In susceptibility testing, we 
used Mueller-Hinton (MH) agar and the results (MICs) 
were recorded after incubation for 18-24 hours (Table 1), 
as described by the Clinical and Laboratory Standards 
Institute (CLSI) [29], unless otherwise noted. S. aureus 
ATCC29213 was used as an MIC standard strain [29]. In 
this study, MRSA clinical isolates with a vancomycin MIC 
of 3 μg/mL were classifi ed as hVISA, higher vancomycin 
MIC mutants (hVISAv) were derived, similarly to a hVISA 
Mu3 case, and characteristics of hVISA and hVISAv were 
examined in detail. Data published by others are also used 
to evaluate our data and to extend our discussion.

Results and Discussion

MRSA was isolated from prisoners and also healthy hospital 
workers in Krasnoyarsk; four strains of PVL-positive MRSA 
were detected, two from prisoners (frequency, 2/5 [2 out of 
5 MRSA; MRSA being obtained from 246 prisoners]) and 
two from ealthy hospital workers (frequency, 2/8 [2 out of 
8 MRSA; MRSA being obtained from 2,076 staffs]). The 
relevant characteristics of MRSA strains used in this study 
are summarized in Table 2. The four PVL-positive MRSA 
strains from Krasnoyarsk are of divergent genotypes: ST1, 
ST30, ST152, and ST154. The genotypes of 0380 (ST30/
SCCmecIV) and 0409 (ST1/SCCmecIV), together with 
their PVL gene carriage, suggest that they are CA-MRSA 
lineages. Both 0380 and 0409 were isolated from a nasal 
carrier; 0380 being isolated from a healthy hospital worker, 
but 0409 from a HIV-infected prisoner (prison inmates) with 
furunculosis. Prisoners are at a high risk for CA-MRSA 
infections [7, 52].
Strain 0409 unusually exhibits high MIC values for oxacillin 
and imipenem/meropenem (carbapenems) (Table 2), which 

tissue infections (SSTIs), but occasionally causing invasive 
infections, including (necrotizing) pneumonia, sometimes 
preceded by respiratory virus infections [1, 3, 14-16]. They 
usually display less MDR pathogens [3], and include, for 
example, ST8/SCCmecIVa (USA300) [1, 3, 14, 17], ST30/
SCCmecIV [2, 18], ST59/SCCmecV [2, 19], and ST80/
SCCmecIV [2, 20]; SCCmecIV and SCCmecV are associated 
with CA-MRSA [2, 3, 11]. USA300 caused an epidemic of 
serious invasive infections in the United States in 2007, 
progressing to a nosocomial MDR pathogen and a global 
pathogen [15, 17, 21, 22]. 
CA-MRSA often produces Panton-Valentine leukocidin 
(PVL), which is an abscess-associated toxin [23] and 
also spread factor [24] of S. aureus. In Russia, we fi rst 
detected PVL-positive MRSA with a global genotype, ST30/
SCCmecIVc, in Vladivostok in 2006 [25]. Recently in many 
countries, MRSA incidences have been declining, while the 
proportion of CA-MRSA genotypes is increasing [26].
Invasive infections with MRSA are treated with anti-
MRSA agents, such as vancomycin and teicoplanin 
(glycopeptides), linezolid (oxazolidinones), daptomycin 
(calcium-dependent cyclic lipopeptides), and arbekacin 
(aminoglycosides) [27, 28]. Although vancomycin has 
been known since the beginning of the 1980s as the drug 
of last resort in treating MRSA infections, vancomycin 
still remains the gold standard for invasive MRSA therapy 
[27, 28]. Regarding the susceptibility of S. aureus to 
vancomycin, the Clinical and Laboratory Standards 
Institute (CLSI) [29] defined MICs ≥16 μg/mL as resistant 
(S. aureus as VRSA [30]), MICs of 4 and 8 μg/mL as 
intermediate (S. aureus as VISA [31-33]), and MICs ≤2 
μg/ml as susceptible. Thus, VISA is detected according 
to the CLSI procedure. However, it has been reported 
that infections involving S. aureus with MICs ≥1.5 μg/
mL respond poorly to vancomycin [34]. MRSA cases of 
reduced susceptibility to vancomycin has been reported 
worldwide [35, 36], albeit with no cases [37].
The Hiramatsu group defi ned the third category of 
vancomycin resistance, heterogeneous VISA (hVISA), 
which shows suspectible MICs (≤2 μg/mL), but produces 
VISA cells in its cell population at a frequency of 10-6 or 
greater [38]. The reported detection methods of hVISA 
include, for example, macro Etest method [39], population 
analyses profi le-area under curve (PAP-AUC) method 
[32, 40-42], and micro broth dilution method [43]. hVISA 
is not routinely diagnosed in clinical labs. They generally 
report, based on their experiences, that the phenotypes 
may be unstable, and some of the isolated hVISA cells 
easily become susceptible during storage. In this review, 
an attempt was made to discuss a new possible trend 
of PVL-positive hVISA, based on those that emerged in 
Krasnoyarsk, Russia.
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are the characteristics of HA-MRSA [53]. The carrier (SSTI 
patient) has not been at risk of HA-MRSA within the last 
year [1]. Strain 0409 must have been selected on a large 
scale and on the long term use of drugs, such as cephms 
or carbapenems. Alternatively, transmission of the selected 
strain may have occurred. We already reported a case 
of the Russian ST8/SCCmecIVc CA-MRSA lineage with 
HA-MRSA-like high MICs for oxacillin (≥256 μg/mL) and 
imipenem (16 μg/mL) [45]. Therefore, this represents the 
second case. 
Regarding the oxacillimn/imipenem resistance levels of 
HA-MRSA, progression occurred from MIC50 0.2 μg/mL 
and MIC90 12.5 μg/mL in 1976 to 1989 to MIC50 ≥100 μg/
mL and MIC90 ≥100 μg/mL in 1990 and 1991, respectively 
[53]. At that time, we pointed out the possibility that in the 
future, CA-MRSA could also manifest higher oxacillin and 
imipenem resistance. This is indeed occurring in current 
CA-MRSA lineages.
PVL-positive CA-MRSA ST152 and ST154 lineages 
have also been clinically isolated albeit generally to a 
lesser extent. For example, cases of ST152 isolation 
include ST152 from Austria [54], ST152/SCCmecV from 
Switzerland [55], ST152/spat454 from Slovenia [56], and 
ST152/SCCmecNT (nontypeable) from Denmark [57] and 
Sweden [58]. For ST154, isolation cases include ST154/
SCCmecIVNT (subtype, nontypeable) from Ireland [59] and 
Japan [60], ST152/SCCmecNT from Sweden [58], ST154/
SCCmec-Hg (SCCmecIV [2B&5]) from the Czech Republic 
[61], and ST154/SCCmecIVc from Mongolia [62]. ST154/
SCCmecNT was also reported in Finland, but as a HA-
MRSA lineage [63]; it is resistant to chloramphenicol, which 
is commonly used in the community, because of its low 
price and the absence of a need for a doctor’s prescription, 
in some countries/areas, including Krasnoyarsk, Russia, 
but it has resulted in the appearance of a chloramphenicol 
resistance plasmid [44]. 
In our case, strain 0553 (ST154/SCCmecNT) was isolated 
from the nasal mucosa of a healthy hospital worker, and 
strain 0579 (ST152/SCCmecNT) was from the purulent 
wound (pus) of a HIV-infected prisoner (Table 1). Both 
0553 and 0579 exhibit low MIC values for oxacillin and 
carbapenems, in agreement with the characteristics of 
CA-MRSA [53], and also the carrier and patient have not 
been at risk of HA-MRSA within the last year [1], suggesting 
that the two strains are CA-MRSA. The SCCmec types or 
SCCmecIV subtypes of the four PVL-positive MRSA strains 
from Krasnoyarsk (Table 1) remain to be examined. 
PVL-positive CA-MRSA still spreads worldwide. In Japan, 
it is mainly associated with deep-seated skin infections 
in communities (PVL+/total MRSA, 13.2%), surprisingly 
reaching 93.8% in Ishigaki island in Okinawa [64]; it also 
spreads among HIV-infected people in Tokyo [65]. In Canada, 

PVL-positive CA-MRSA accounts for 78.4% of the CA-MRSA 
genotypes and 1.7% of the HA-MRSA genotypes [26]. 
VISA strain Mu50 and hVISA strain Mu3, used as reference 
strains, belong to the common HA-MRSA lineage (ST5/
SCCmecII) in Japan, which is often called the New York/
Japan clone [10, 66, 67]; the two strains exhibit high 
oxacillin and imipenem MICs (Table 2). OC8 and OC3, 
respectively, are representative strains of the unique 
ST8 CA-MRSA (ST8Kras) [44, 45] and unique ST239 HA-
MRSA (ST239Kras) [44] distributed to Krasnoyarsk, with 
both being resistant to levofl oxacin and chloramphenicol, 
ST8Kras possesses a one-megabase genomic inversion and 
exhibits low oxacillin and imipenem MICs, and ST239Kras 

carryies the staphylococcal superantigen gene (toxic 
shock syndrome toxin-1 [TSST-1] gene, tst) on SaPI and 
exhibits high oxacillin and imipenem MICs. RS08 is from 
Vladivostok, and is the fi rst PVL-positive CA-MRSA isolate 
from Russia [25]; RS08 exhibits low oxacillin and imipenem 
MICs and is susceptible to levofl oxacin, chloramphenicol, 
and vancomycin. 
All four PVL-positive Krasnoyarsk MRSA exhibited hVISA 
MICs (vancomycin MIC, 3 μg/mL) (Table 2). However, after 
storage of the bacterial strains at -80˚C, they turned out 
to be vancomycin MIC 1 μg/mL, which is a susceptible 
level (Table 3), suggesting that the hVISA phenotypes are 
unstable. Strain Mu3, stored at -80˚C, also produced the 
same vancomycin MIC level of 1 μg/mL (Table 3). In some 
published papers [50], vancomycin MICs are examined 
using brain heart infusion (BHI) agar, instead of MH agar, 
and involve a prolonged incubation time. So, we also 
examined them using BHI agar, resulting in two-fold higher 
vancomycin MICs, 2 μg/mL, for the four PVL-positive 
Krasnoyarsk MRSA and Mu3 (Table 3). Vancomycin 
MIC of 2 μg/mL for Mu3 is also reported by others [38]. 
There is cross-resistance between structurally-related 
vancomycin and teicoplanin (glycopeptides). However, the 
four Krasnoyarsk hVISA exhibited lower teicoplanin MICs, 
compared with those of Mu3, suggesting the presence 
of divergent genetic backgrounds between the two. 
Vancomycin MICs for Mu50, stored at -80˚C, were 2 μg/mL 
on MH agar and 4 μg/mL on BHI agar (Table 3); the data 
were also slightly lower compared with reported data [50]. 
VISA cells (bacterial cells exhibiting a lower susceptibility to 
vancomycin) included in hVISA cultures can be identifi ed by 
population analysis called PAP-AUC [32, 40-42]. So, next, 
we performed population analysis, and colonies (mutants) 
that developed on MH agar containing vancomycin at 4 μg/
mL were obtained: 0409v was obtained from the 0409 MH 
broth cultures at a frequency of 1.5 X l0-8, Mu3v was from 
the Mu3 MH broth cultures at a frequency of 4.8 X 10-8, and 
Mu50v was from the Mu50 MH broth cultures at a frequency 
of 3.2 X 10-6. Thus, the 0409 has a similar potential to 
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started with a surgical site infection [46]. hVISA (ST5/
SCCmecII HA-MRSA), with vancomycin MIC of 3 μg/mL, was 
isolated by the same group in 1996 from an inpatient’s MRSA 
pneumonia with ineffective vancomycin therapy [50]. hVISA 
cultures spontaneously produce VISA cells [38]. Also, cell wall 
thickening is a common phenotype of VISA and hVISA [73]. 
The resistance phenolype was soon recognized around the 
world. Initially, it was generally considered that hVISA is 
associated with the HA-MRSA genetic background. However, 
hVISA of the ST72/SCCmecIV CA-MRSA lineage was 
reported from a vancomycin treatment failure case in 2012 
[74]. In the present study, we isolated four PVL-positive CA-
MRSA lineages (ST1, ST30, ST152, and ST154) of hVISA 
from two HIV-infected prisoners and two healthy hospital 
workers in Krasnoyarsk (or a related region) in 2016-2017. 
PVL-positive hVISA cases, such as ST239/SCCmecIII MRSA 
or ST121/SCCmecIV MRSA, has also been reported in 2019 
from China [75]. CA-MRSA-type hVISA may be increasing. 
The features of hVISA are summarized in Fig. 4 [31-33, 38, 76-
86]. Selective pressure with vancomycin allows vancomycin-
susceptible S. aureus (VSSA/MRSA) to yield hVISA, VISA, 
and slow-growth sVISA (SCVs), sequenceally and in a 
stepwise manner. SCVs of hVISA can be selected under the 
long-term pressure of vancomycin in vitro [76, 79]; sVISA 
exhibits MIC of VRSA (≥16 μg/mL), although the phenotype is 
unstable. The hVISA and VISA phenotypes are attributed to, 
for example, the mutations of the two component regulatory 
systems, graRS, vraSR, and walkR, and the hVISA-to-
VISA conversion occurs through additional roughly 20 gene 
mutations, suggesting a series of genetic mutation processes. 
Regarding vancomycin MICs, the use of MH and BHI media 
and incubation time of 18-24 and 48 hours (or more) causes 
confusion on evaluating and comparing reduced vancomycin 
susceptibilities (MICs) among clinical isolates.
Signifi cant points in our current study are summarized in 
Fig. 5. They include i) spread of PVL-positive hVISA among 
HIV-infected prisoners and hospital workers, ii) unique cell 
structures of low-level vancomycin resistant MRSA cells, such 
as abnormal cell surface with accumulated cell walls along the 
cell separation site or the irregular, multiple cross, and thick 
septum, and the intercellular sticky substance, which is similar to 
those of SCVs, and iii) HA-MRSA-like marked mecA resistance 
to oxacillin and imipenem/meropenem (carbapenems) in CA-
MRSA, alerting us to a possible new class of MRSA. Further 
large scale and moleculer level studies are required.
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produce vancomycin lower-susceptibility mutants, compared 
with Mu3. 0409v exhibited two or four-fold higher MIC values 
than 0409 for vancomycin and teicoplanin (glycopeptides), 
and these data are similar to those of Mu3v, as shown in 
Table 3. Regarding daptomycin MICs, 0409v, Mu3v, and 
Mu50v all exhibited two-fold higher MICs, compared with 
their original strains (0409, Mu3, and Mu50) (Table 3).
Next, the bacterial cell structures of the 0409 and 0409v, 
which were stored at -80˚C and grown on sheep blood agar 
plates, were analyzed by scanning electron microscopy 
(SEM) and transmission electron microscopy (TEM) (Fig. 
1). The 0409 cells (Fig. 1A and B) still has a thick septum, 
the characteristic structure of VISA (Fig. 1Bb, arrow); the 
structure is considered to be responsible for vancomycin-
intermediate phenotype, because vancomycin’s approach 
to the target site of cell wall synthesis is prevented through 
the thick division septum [31].
In addition, in contrast to the 0409 (Fig. 1 A and B), 0409v 
shows an abnormal cell surface with accumulated cell 
walls along the cell separation site or the irregular, multiple 
cross-like structure (Fig. 1C and D) and also abnormal 
septum formation (Fig. 1 Cb, Db, and Dc). In addition, the 
cell wall thickness, observed in TEM, were approximately 
35% increased in 0409v.
When the bacterial cell structures of the Mu3 and Mu3v, 
which were stored at -80˚C and grown on sheep blood agar 
plates, were analyzed by SEM, abnormal cell surface with 
accumulated cell walls along the cell separation site or the 
irregular, multiple cross-like structures was observed for 
the Mu3v, but to a lesser extent (Fig. 2B).
Colonies of the 0380, 0553, and 0579, which were stored 
at -80˚C and grown on sheep blood agar plates, were 
also analyzed by SEM (Fig. 3). The 0380, 0553, and 0579 
produced a sticky intercellular substance, spreading among 
the cells (Fig. 3A, B, Ca); which may be similar to that reported 
in S. aureus small colony variants (SCVs) [68, 69]. SCVs are 
slow-growing, drug-resistant mutants of gram-positive and 
-negative bacteria, and have been isolated during the long-
term treatment with antimicrobial agents, such as gentamicin 
and trimethoprim-sulfamethoxazole (SXT); SCVs cause 
persistent and recurrent infections [68, 70-72], and examples 
include our reported case, daptomycin-resistant VISA SCV 
[69]. Therefore, the sticky intercellular substance may play 
a role in low-level vancomycin resistance. In the case of the 
0579 (Fig. 3Cb), the abnormal cell surface with accumulated 
cell walls along the cell separation site or the irregular was 
more obvious than the 0380 and 0553. No intercellular sticky 
substance was observed for RS08 (Fig. 3D).
VISA was fi rst described by Hiramatsu et al. in 1997 from 
Japan, in which VISA (ST5/SCCmecII HA-MRSA) with 
vancomycin MIC of 8 μg/mL led to failed treatment by 
vancomycin of an inpatient with long-term infections, which 
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Figures

Figure 1. Electron micrographs showing the bacterial cell structures of PVL-positive Krasnoyarsk CA-MRSA 0409 (A, B) and its vancomy-
cin-selected mutant 0409v (C, D). A, Ca, and Cb are scanning electron micrographs (SEM); Ba, Bb and Da to Dc are transmission electron 
micrographs (TEM). The arrow in Bb indicates the thick septum, which may interfere with the action of vancomycin. Arrows in C and D 
indicate the abnormal accumulation of cell walls along the cell separation site or the irregular, multiple cross-like structures.
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Figure 2. Scanning electron micrographs showing the bacterial cell structures of the hVISA reference strain Mu3 (A) and its vancomycin-
selected mutant Mu3v (B). The arrow indicates the abnormal accumulation of cell walls along the cell separation site or the irregular, multiple 
cross-like structure. 
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Figure 3. Scanning electron micrographs showing the bacterial cell structures of Russian PVL-positive CA-MRSA. Strains: A, 0380 (from 
Krasnoyarsk); B, 0553 (from Krasnoyarsk); C (a and b), 0579 (from Krasnoyarsk); D, RS08 (from Vladivostok). Arrows, in A, B, and Ca, 
indicate a sticky intercellular substance. An arrowhead, in Cb, indicates the abnormal accumulation of cell walls along the cell separation site 
or the irregular, multiple cross-like structures.
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Figure 4. Sequential conversion between hVISA, VISA, and sVISA.  Abbreviations: VSSA, vancomycin-susceptible S. aureus (MRSA); 
hVISA, heterogenous VISA; VISA, vancomycin-intermediate S. aureus (MRSA); sVISA, slow-growth VISA; SCVs, small colony variants; 
Van, vancomycin. hVISA consists of a major population of mother cells, which can yield VISA daughter cells, and a small population of VISA 
daughter cells. References are 31-33, 38,76-86.
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Figure 5. Highlights in this study.
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Table 1. Methods of susceptibility testing used in this study

Antimicrobial

Agent

Methods and details of testing for:

Clinical isolates Laboratory strains (stored at -80˚C)

Method Concentration 
of antimicro-
bial agent

Medium Incubation Method Concentration of 
antimicrobial agent

Medium Incubation

Oxacillin E-test (disk 
diffusion)

0,016-256 μg/
disk

MH agar

plus 2% 
NaCl

24 hours Agar dilution 0.06 – 128 μg/mL MH agar

plus 2% NaCl

24 hours

Imipenem — — — — Agar dilution 0.008 – 128 μg/mL MH agar 18-20 hours

Meropenem E-test (disk 
diffusion)

0,002-32 μg/
disk

MH agar 18 hours Agar dilution 0.008 – 128 μg/mL MH agar 18-20 hours

Vancomycin E-test (disk 
diffusion)

0,016-256 μg/
disk

MH agar 24 hours 1) Agar dilution

2) Agar dilution

3) E-test (disk 
diffusion)

1) 0.13 – 128 μg/mL

2) 0.13 – 128 μg/mL

3) 0,016-256 μg/disk

1) MH agar

2) BHI agar

3) MH agar

1) 24 hours

2) 24 hours

3) 24 hours

Teicoplanin — — — — Agar dilution 1) 0.13 – 128 μg/mL

2) 0.13 – 128 μg/mL

1) MH agar

2) BHI agar

1) 18-20 
hours

2) 18-20 
hours

Linezolid — 0,016-256 μg/
disk

MH agar — Agar dilution 0.13 – 128 μg/mL MH agar 18-20 hours

Daptomycin — 0,016-256 μg/
disk

MH agar plus 
50 μg/mL 
(0.34 mM) 
CaCl2

18-20 
hours

1) Agar dilution

2) Broth 
microdilution

1) 0.13 – 128 μg/mL

2) 0.13 – 128 μg/mL

1) MH agar 
plus 50 μg/
mL (0.34 mM) 
CaCl2
2) CAMHB 
plus 50 μg/
mL (0.34 mM) 
CaCl2

1) 18-20 
hours

2) 18 hours

Arbekacin — — — — Agar dilution 0.13 – 128 μg/mL MH agar 18-20 hours

Levofl oxacin — — — — Agar dilution 0.03 – 128 μg/mL MH agar 18-20 hours

Fosfomycin — — — — Agar dilution 0.13 – 128 μg/mL MH agar

Plus

18-20 hours

Note: The minimum inhibitory concentrations (MICs) of antimicrobial agents for the clinical isolates were analyzed immediately after bacte-
rial isolation from clinical specimens. Susceptibility testing was performed according to the procedures described by the Clinical and Labora-
tory Standards Institute (CLSI) [29]. —, data not examined. Abbreviation: MH agar, Muller-Hinton agar; BHI agar, brain heart infusion agar; 
CAMHB, cation-adjusted Muller-Hinton broth. We got the same results among MH agar dilution and E-test (disk diffuseion) for vancomycin; 
and we also got the same results among MH agar dilution and CAMHB microdilution for daptomycin.

Tables
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Table 2. The relevant characteristics of MRSA strains used in this study

Strain Genotype PVL VAN
MIC

Initial 
classifi cation

Resistance Isolation place 
and year (patient’s 
age, sex, clinical 
condition)

Reference

OXA
MIC

IPM or 
MEM
MIC

Others 
(except 
VAN, OXA, 
IPM, MEM) 

0380 ST30/SCCmecIV/spat012  +  3  hVISA 1.0 MEM 0.13 Krasnoyarsk, Russia, 
2016 (37Y, female, 
nasal carrier/healthy 
hospital worker)

This study

0409 ST1/SCCmecIV/spat3896  +  3  hVISA ≥256 MEM ≥32 TET Krasnoyarsk, Russia, 
2016 (19Y, male, 
nasal MRSA, HIV-
infected prisoner with 
furunculosis)

This study

0553 ST154/SCCmecNT/spat667  +  3  hVISA 3.0 MEM 0.75 ERY Krasnoyarsk, Russia, 
2016 (45Y, female, 
nasal, carrier/healthy 
hospital worker)

This study

0579 ST152/SCCmecNT/spat1096  +  3  hVISA 1.0 MEM 0.19 GEN, TET Krasnoyarsk, Russia, 
2017 (28Y, male, 
pus, HIV-infected 
prisoner with 
purulent wound)

This study

RS08 ST30/SCCmecIVc/spa19 
(t019)

 +  1 CA-MRSA 32 IPM 0.06
MEM 1.0

Vladivostok, Russia, 
2006 (23Y, female, 
pus, badminton 
player with 
furunculosis)

25, this study

Mu3 ST5/SCCmecII/spa2(t002)  -  2 or 
3

 hVISA ≥256 IPM 64 GEN, FOF, Tokyo, Japan, 
1996 (64Y, 
male, post-lung-
cancer-operation 
pneumonia)

38, 47, 48, 
50, 51, this 
study

Mu50 ST5/SCCmecII/spa2(t002)  -  8  VISA ≥256 IPM32 GEN, TET, 
ERY, 
LVX, FOF, 
RIF

Tokyo, Japan, 1996 
(4M, male, surgical 
site infection)

38, 46-50, 
this study

OC8 ST8/SCCmecIVc/spa1(t008)  -  0.5  CA-MRSA 32 IPM 0.25
MEM 2.0

LVX, CHL Krasnoyarsk, Russia, 
2007 (1Y, male, 
pneumonia)

44,45

OC3 ST239/SCCmec-Hg 
(SCCmecIII[3A&5]) /
spa3(t037)

 -  0.5  HA-MRSA ≥256 IPM 64
MEM 32

GEN, TET, 
ERY, 
LVX, CHL

Krasnoyarsk, Russia, 
2007 (46Y, male, 
pneumonia, sepsis)

44,45

Note: Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus; PVL, Panton-Valentine leukocidin; VAN, vancomycin; OXA, oxacillin; 
IPM, imipenem; MEM, meropenem; TET, tetracycline; ERY, erythromycin; GEN, gentamicin; FOF, fosfomycin; LVX, levofl oxacin; RIF, rifam-
picin; CHL, chloramphenicol; MIC, minimum inhibitory concentration (μg/ml); VISA, van-intermediate S. aureus, hVISA, heterogenous VISA, 
HIV, human immunodefi ciency virus; SCCmecNT, SCCmec nontypeable; CA-MRSA, community-associated MRSA. MICs are determined by 
a dilution method or E-test, using Muller-Hinton (MH) agar for strains 0380, 0409, 0553, 0579, RS08, OC8, and OC3, and using brain heart 
infusion (BHI) agar for strains Mu3 and Mu50.
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Table 3. MIC values of anti-MRSA agents for PVL-positive hVISA and its vancomycin-selected mutants, compared with those for hVISA and 
VISA reference strains

Anti-MRSA 
agents

MIC (μg/ml) for strains:

0380 0553 0579 0409 0409v Mu3 Mu3v Mu50 Mu50v RS08

Vancomycin  1.0  1.0 1.0 1.0
(2.0)

2.0
(4.0)

1.0
(2.0)

2.0
(4.0)

2.0 
(4.0)

4.0 
(8.0)

1.0

Teicoplanin  1.0  2.0 2.0 1.0
(2.0)

4.0
(4.0)

8.0
(16.0)

8.0
(16.0)

4.0
(8.0)

8.0
(16.0)

1.0

Linezolid  2.0  2.0 2.0 2.0 2.0 1.0 1.0 1.0 1.0 2.0

Daptomycin  0.5  1.0 1.0 1.0 2.0 2.0 4.0 2.0 4.0 1.0

Arbekacin  0.5  1.0 2.0 0.5 0.5 2.0 2.0 4.0 4.0 0.5

Levofl oxacin  0.13  0.13 0.13 0.13 ND 8.0 8.0 8.0 ND 0.25

Fosfomycin  1.0  0.5 1.0 1.0 ND ≥256 ≥256 ≥256 ND 2.0

Note: Strains 0380, 0409, 0553, and 0579 are PVL-positive Krasnoyarsk MRSA; all the strains were stored at -80˚C before MIC experi-
ments. Strains 0409v, Mu3v, and Mu50v are mutants of Krasnoyarsk MRSA 0409, hVISA reference strain Mu3, and VISA reference strain 
Mu50, respectively; the mutants being selected on vancomycin (4 μg/ml)-containing Mueller-Hinton (MH) agar. MICs were determined by a 
dilution method using MH agar; incubation was 18 to 24 h. S. aureus ATCC29213 was used as a MIC standard strain. MIC values in paren-
theses were obtained using brain heart infusion (BHI) agar. 




