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EDITORIAL

Scripta Medica, Volume 51, 2020:
a Short Overview
Miloš P Stojiljković¹
(1) Editor-in-Chief, Scripta Medica.

Abstract
This editorial presents the analysis of volumes 50 (2019) and 51 (2020) of Scripta
Medica. Original articles made 53 % of 80 articles published in these two volumes.
Article rejection rate was 38 %. Mean duration of period until reaching the first
decision on an article was 20 days, while mean time until reaching the final decision
was 31 days. Mean time needed for accepting the revised manuscript was 3 days,
reflecting a significant decrease from 5 days in 2019 to 2 days in 2020. Mean time
needed for reaching a decision to reject an article was 7 days. Coverage of the journal included both basic and clinical research and a considerable space was devoted
to articles on COVID-19. Further efforts will be made in order to reach a more international recognition of the journal.
Key words: Scripta Medica; Biomedical journal; Editorial process; Research articles.

On 6 August 2018 a new Editorial Office and Editorial and Advisory Boards of the scientific biomedical journal Scripta Medica were formed.1
Since 2019, the journal started to appear quarterly (in March, June, September and December).
During these two years, a new layout of the journal was introduced and Scripta Medica gained
the Directory of Open Access Journals (DOAJ)
coverage. End of this tumultuous year is a good
Table 1: Structure of volumes 50 (2019) and 51 (2020) of Scripta
Medica
Type of article

2019
Number %

2020
Number %

Total
Number %

Editorial

4

12.5

4

8.33

8

10.00

Letters to the Editor

0

0.00

1

2.08

1

1.25

Original

15

46.88

27

56.25

42

52.50

Review

1

3.13

3

6.25

4

5.00

Current topic

2

6.25

2

4.17

4

5.00

Special

2

6.25

1

2.08

3

3.75

History of medicine

1

3.13

3

6.25

4

5.00

Professional

2

6.25

2

4.17

4

5.00

Case report

5

15.63

4

8.33

9

11.25

Obituary

0

0.00

1

2.08

1

1.25

32

100.00

48 100.00

80

100.00

Total
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occasion to look back at the accomplishments of
Scripta Medica, in order to ascertain its strong
points but also the areas where some improvement would be necessary.
Volume 51 (2020) contained 48 articles, 50 %
more than the volume 50 (Table 1).
It can be noticed that this increase was accompanied by the increase in percentage of original
articles and the decrease in the percentage of
case reports.
A total of 140 manuscripts was received during
the last two years and their status is given in
Table 2.
The rejection rate was 35 % in 2019 and it was
increased to 41 % in 2020, resulting in the overall
rejection rate of 38 %.
Efficacy of critical phases of processing of the
received manuscripts is presented in Table 3.
For those manuscripts that were eventually

Copyright © 2020 Stojiljkovic. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Table 2: Status of manuscripts, Scripta Medica
2019

Decision status
Received

% of
Number decided

2020

% of
Number decided

% of
Number decided

87

53

Total

140

49

100.00

85

100.00

134

100.00

Rejected

17

34.69

34

40.00

51

38.06

Accepted

32

65.31

51

60.00

83

61.94

a) in current year

30

61.22

48

56.47

78

58.21

b) not in current year

2

4.08

3

3.53

5

3.73

Pending review

4

Decided

6

6

Table 3: Duration of decision-making process, Scripta Medica
Editorial milestone

2019
Mean ± SD
Range

2020
Mean ± SD
Range

Total
Mean ± SD
Range

First decision (days)

16.73 ± 13.42

1- 58

21.75 ± 35.62

1-211

19.73 ± 28.34

1-211

Accepted (days)

31.00 ± 23.69

2-126

26.98 ± 39.13

1-214

30.76 ± 38.87

1-216

Revision-acception (days)

5.39 ± 4.88

1- 18

1.60 ± 1.38

1- 9

3.11 ± 3.72

1- 18

Rejection (days)

5.50 ± 8.03

1- 20

5.59 ± 8.27

1- 31

6.87 ± 11.55

1- 61

accepted, mean time period until the first editorial decision was made was 20 days, while the
mean final acceptance time was 31 days. This relatively long time was a consequence of the lengthy
reviewing process. It can be seen that the mean
acceptance time after receiving peer-reviews
was only 3 days, reflecting a sharp decrease from
5 days in 2019 to only 2 in 2020, while mean time
for reaching a decision to reject the submission
was 7 days.
Regarding the content of the volume 51, an
effort was made to present results of both basic
and clinical research. At the same time, a considerable space was dedicated to the coverage
of COVID-19 pandemic.2-10 It is an intention of the
Editorial Board to continue to diversify the content of Scripta Medica and improve the editorial
process in order to make it more attractive for
international audience.
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ORIGINAL ARTICLE

Relationship Between ABO Blood Group
Phenotypes and nCOVID-19 Susceptibility
– a Retrospective Observational Study
Sudhir Bhandari,1 Ajit Singh Shaktawat,1 Amit Tak,2 Jyotsna Shukla,3 Jitentdra
Gupta,3 Bhoopendra Patel,4 Shivankan Kakkar,5 Amitabh Dube,3 Sunita Dia,6
Mahendra Dia,7 Todd C Wehner7
(1) Department of Medicine, SMS Medical

Abstract
Background: Since the outbreak of coronavirus disease-19 (COVID-19) research
has been continued to explore multiple facets of the disease. The objective of the
present study was to evaluate the relationship between blood group phenotypes
and COVID-19 susceptibility.
Methods: In this retrospective observational study 132 hospitalised COVID-19 patients were enrolled from the Swai Man Singh (SMS) Medical Hospital in Jaipur, India after receiving approval from the Institutional ethics committee. The ABO, Rh
and Kell blood group phenotypes along with demographic data of the patients were
recorded. The observed proportions of ‘A’, ‘B’, ‘AB’, ‘O’, ‘Rh’ and ‘Kell’ blood groups
in COVID-19 patients were compared against the expected proportions (the null hypothesis) of the general population using Pearson’s Chi-squared test and partition
analysis.
Results: There were significant differences between observed and expected
frequency for the ABO and Kell blood phenotypes. Further partition analysis of
ABO phenotypes showed that the group ‘A’ phenotypes were more susceptible to
COVID-19. The Kell negatives were also more susceptible. The blood groups ‘AB’, ‘B’,
‘O’ and ‘Rh’ showed no significant difference for susceptibility to COVID-19.
Conclusion: The study shows a relationship between ABO, Rh and Kell blood groups
and COVID-19 susceptibility. The application of these relationships in clinics should
be explored in future studies.
Key words: ABO blood grouping; COVID-19 susceptibility; Kell blood group phenotypes; Pearson’s Chi-squared test; Rh blood group phenotypes.
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Introduction
According to the World Health Organisation report on 16 November 2020, there have
been 54,075,995 confirmed cases of COVID-19,
including 1,313,919 deaths globally.1 The novel
coronavirus 2019 (nCOVID-19) has spread beyond the boundaries of Wuhan, China across
the world. Researchers in many countries are
engaged in discovering associations between

COVID-19 mortality, severity and susceptibility
and, other attributes such as demographic, clinical and laboratory findings.2 A number of diseases have been found associated with various blood
group phenotypes.
The ABO blood group antigens are widely distributed throughout the body along with the surface

Copyright © 2020 Bhandari et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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of red blood cells.3 The association of ABO groups
with malaria, pancreatic cancer, duodenal ulcer
and other diseases has been elucidated.3-5 Microorganisms interact with antibodies against blood
group antigens, including ABO, T and Kell systems.6 The objective of this study was to evaluate
the relationships between the ABO, Rh and Kell
blood group systems and susceptibility for the
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection.

Table 1: The observed frequencies of ABO blood group phenotypes in 132 laboratory confirmed COVID-19 patients and expected frequency in general population (Garg et al, 2015).10

Patients and Methods
A hospital-based, retrospective observational
study was designed to evaluate ABO, Rh and Kell
blood group phenotypes and its relationship to
susceptibility to SARS-CoV-2 infection. Laboratory confirmed, real-time reverse transcription
polymerase chain reaction (RT-PCR) positive cases of COVID-19, numbering 132, were enrolled in
the study from the Swai Man Singh (SMS) Medical
College and Hospitals in Jaipur (Rajasthan, India).
The hospital provided medical care to patients of
various states in North India, including Rajasthan,
Harayana, Madhya Pradesh, Uttar Pradesh and
Punjab.7, 8 The mean age of the participants was
36.68 years (SD = 17.87 years) and the men to
women ratio was 8:3. The ABO, Rh and Kell blood
group phenotypes along with demographic data
from the COVID-19 patients were collected from
laboratory reports. The ABO, Rh (D antigen) and
Kell phenotyping was carried out using fully automated solid phase red cell adherence (SPRCA)
technology.9 The observed frequencies of the
blood groups – ‘A’, ‘AB’, ‘B’ and ‘O’; ‘Rh positive’,
‘Rh negative’; ‘Kell positive’ and ‘Kell negative’
were calculated. The general (expected) propor-

(a) 7%
34%

(b)
22%

tions of the above blood groups were obtained
from a study of the North Indian population.10
The expected proportions of ABO blood groups
‘A’, ‘AB’, ‘B’ and ‘O’ were 22.3 %, 8.9 %, 39.2 % and
29.6 %, respectively (Figure 1). Rh (D) phenotype
were found positive in 93.8 % and negative in 6.2
%. For the Kell system, only 1.6 % were Kell positive, and the remaining were Kell negative. The
expected frequencies of the blood group antigens
were calculated by multiplying the total number of
COVID-19 cases (n = 132) with the general proportions of the respective blood groups (Table 1).

9%

Observed frequency
Expected frequency
under H0*

Blood group phenotypes
A
AB
B
0
45
9
46
32

Total
132

29.43 11.74 51.74 39.07

132

χT2 = 10.79; degree of freedom = 3 ; p = 0.013

*H0 is the null hypothesis, which have the expected proportions of A : AB : B : Ophenotypes are 0.22 : 0.09 : 0.39 : 0.30, respectively.

Statistical analysis
The observed frequency of blood group phenotypes of ABO, Rh and Kell system were compared
against the expected population frequency using Goodness of fit Chi-squared test. The further
hypotheses were tested using partition analysis
in case of the ABO system.11 In order to find the
effect of sample size on Type II error, post hoc
power analysis was performed. The level of significance was considered at 5 %. Software used
for the analysis was Jeffreys’s Amazing Statistics
Program (JASP) (version 0.12.2) software and
the Real Statistics package of MS Excel 2010.12, 13
Ethical aspects
The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The
study was approved by Ethical Committee of the
SMS Medical College, Jaipur (No. 416, dated 26
Jun 2020) and individual consent for this retrospective analysis was gained.

24%
30%

Results
35%

39%

Figure 1: Frequency of ABO blood phenotypes: (a) Observed frequency in COVID-19, (b) Expected frequency in general North
Indian population (Garg et al, 2015)10

The observed frequencies of ABO, Rh and Kell
blood group phenotypes with 95 % confidence intervals were calculated (Figure 2). The comparison of the observed and expected frequencies of
blood group phenotypes are shown in Figure 3.
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Chi-squared test (Table 2). First, the observed and
expected frequencies of blood groups ‘AB’, ‘B’ and
‘O’ were tested and no significant difference was
found (p = 0.89). Second, the observed and expected frequencies of blood group ‘A’ and ‘non-A’ were
tested and found to differ significantly (p = 0.001).
Table 1 was partitioned based on those comparisons and the χ2 test was calculated (Table 2).

Observed Proportions and Blood Group Phenotypes with 95% Cl

Blood Group Phenotypes

Kell+
Rh+
O
B
AB
A

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Observed Proportions

Figure 2: Observed proportions of A, AB, B, O, Rh positive, Kell
positive blood group phenotypes with 95% confidence intervals
based on independent binomial distributions of 132 laboratory
confirmed COVID-19 patients.

Comparison of phenotypes of ABO Blood group
system for COVID-19 susceptibility
The Goodness of fit of observed and expected
frequencies of the ABO blood groups were tested using Pearson’s Chi-squared test (Table 1 and
Figure 3).
Comparison of Observed and Expected Proportion of Blood Group Phenotypes
1
0.9

Observed Proportion
Expected Proportion

0.8

Percentage

0.8

It should be noted that the value of χΤ2 is very near
to the sum of partitioned χ2 values, as shown in
the equation:
χΤ2 ≈ χI2 + χΠ2 = 0.23 + 10.59 = 10.82
Table 2: Partition of the observed frequencies of ABO blood
group phenotypes in 132 laboratory confirmed COVID-19 patients and expected frequency in general population (Garg et
al, 2015)10 (from Table 1) into two sections (Part I and II). Part I
includes observed and expected frequencies of AB and B blood
groups and part II include observed and expected frequency of
‘A’ and ‘O’ blood groups.

Observed frequency
Expected frequency
under H0A*

Part I
Blood group phenotypes
AB
O
B
9
46
32
9.96

43.89

Total
87

33.14

87

χI2 = 0.23; degree of freedom = 2; p = 0.89

0.6
0.5
0.4
0.3
0.2
0.1
0
A

B

0

AB

Rh+

Kell+

Blood Grooup Phenotipes

Figure 3: Comparison of observed and expected proportion of
blood group phenotypes from a random sample of 132 laboratory confirmed COVID-19 patients and study on North Indian
Population (Garg et al, 2015),10 respectively.

There were significant differences between expected frequency and observed frequency in
at least one of the blood group phenotypes (p =
0.013). The Chi-squared test (χ2) does not reveal
in which phenotype the difference actually exists. If the observed frequency is less than the
expected frequency in one cell, it has to be more
in one or the other cells because the total for
both the observed and the expected frequencies
is the same. The observed frequency was higher
in blood group ‘A’ and lower in blood groups ‘AB’,
‘B’ and ‘O’. In order to confirm the difference in
observed frequencies across blood groups, a partition analysis was performed. ABO blood group
phenotypes were further divided into two subgroups and two hypotheses were tested using the

Observed frequency
Expected frequency
under H0B*

Part II
Blood group phenotypes
A
Non-A
45
87
29.43

Total
132

102.57

132

χΠ2 = 10.59; degree of freedom = 1; p = 0.001
*H 0A is the null hypothesis with the expected proportions of AB : B: O phenotypes are 0.12 : 0.50 :
0.38, respectively.
**H 0B is the null hypothesis with the expected proportions of A : Non-A phenotypes are 0.22 : 0.78,
respectively.

Table 3: The observed and expected frequencies of Rh antigen
system in 132 laboratory confirmed COVID-19 patients.

Observed frequency
Expected frequency
under H0Rh*

χRh2

Rh D antigen system
Rh positive Rh negative
122
10
123.81

8.19

Total
132
132

= 0.43; degree of freedom = 1; p = 0.51

*H0Rh is the null hypothesis with the expected proportions of Rh Positive : Rh Negative
phenotypes are 0.94 : 0.06, respectively.

It can be inferred from the above analysis that
persons with blood group ‘A’ were more susceptible to COVID-19 than ‘non-A’ groups. Further,
there were no significant relationships between
the ‘AB’, ‘B’ and ‘O’ blood group phenotypes for
susceptibility to COVID-19.
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Comparison of Rh (D antigen) System for
COVID-19 susceptibility
The observed and expected frequencies of Rh
blood group phenotypes showed no statistically
significant differences (p = 0.51) (Table 3).
Table 4: The observed and expected frequencies of Rh antigen
system in 132 laboratory confirmed COVID-19 patients.

Observed frequency
Expected frequency
under H0K*

Kell antigen System
Kell positive Kell negative
9
123
129.89

2.11

Total
132
132

χK2 = 23.83; degree of freedom = 1; p < 0.001

*H0KO is the null hypothesis with the expected proportions of Kell Positive : Kell
Negative phenotypes are 0.98 : 0.02, respectively.

Comparison of Kell antigen System for COVID-19
susceptibility
The observed and expected frequencies of Kell
blood group phenotypes showed statistically significant differences (p < 0.001) (Table 4). The Kell
negatives were more susceptible to COVID-19 infection compared to Kell positives.

Discussion
The blood group antigens are an example of polymorphic traits inherited among individuals and
populations. There are 34 recognised human
blood groups and hundreds of individual blood
group antigens and alleles. The variation in blood
group system leads to variations in host susceptibility to many infections. Microorganisms interact with antibodies against blood group antigens,
including ABO, T and Kell systems.6 The blood
group antigens of the H, ABO, Lewis and historical ‘P’ blood groups contains small carbohydrate
epitopes expressed as post-translational modifications on glycoproteins, mucins and glycolipids.
The ABO system - International Society of Blood
Transfusion (ISBT 001) contains two structurally
related carbohydrate antigens, A and B. The O or
H antigen is the biosynthetic precursor of A and
B antigens and is classified as a separate blood
group system (ISBT 018). All three antigens consist of 2 to 3 terminal oligosaccharides on glycoproteins and glycolipids.14 The varying rates of
evolution of COVID-19 in two populations may be
due to different gene frequency distributions of
the blood group and may lead to differences in
susceptibility to COVID-19.15
In order to evaluate the relationship between

COVID-19 susceptibility and ABO blood group
phenotypes, the null hypothesis H0 that the blood
group ratio A:B:AB:O in COVID-19 patients (observed frequency) is exactly the same as the general population (expected frequency) was tested,
ie,
H0 : A, AB, B, O are in the ratio 22 : 9 : 39 : 30
The results showed that H0 was rejected (Table 1).
The observed frequency of blood group ‘A’ was
found to be higher than the expected frequency.
In addition, observed frequencies in other blood
groups were lower than the expected frequencies. If observed frequency is higher than expected frequency in one cell, it has to be lower in one
or more of the other cells since the total for both
the observed and expected frequencies is the
same. Thus, rejecting H0 does not indicate which
observed frequency is different from the expected one. In order to check whether the observed
frequency of blood group ‘A’ is higher than the expected frequency further partition analysis was
performed, and two more hypotheses were tested. The corresponding hypotheses were:
H0A: AB, B, O are in the ratio 12 : 50 : 38.2
and
H0B : A and non-A are in the ratio 22 : 78
The results showed there was no significant difference in observed ratios of AB:B:O blood groups
when compared with expected (p = 0.89). However, there was a significant difference in the
observed ratio A: non-A blood groups when compared with expected (p = 0.001) (Table 2). Thus, it
was concluded that blood group ‘A’ was more susceptible to COVID-19 than ‘non-A’ groups. Further
there were no significant relationships between
the ‘AB’, ‘B’ and ‘O’ blood groups and COVID-19
susceptibility. The power of Chi-squared tests for
H0, H0A and H0B hypotheses were 79.5 %, 6.7 % and
90.2 %, respectively. No relationship was found
between the Rh (D) antigen and SARS-CoV-2 susceptibility (Power = 10 %). Also, the Kell negative
appeared to be more susceptible to SARS-CoV-2
infection (Power = 99.8 %). However, exact multinomial test seems to be more accurate. The power analysis showed that type II error was high in
hypothesis H0A and HRh due to the small sample
size and conclusions on significance could not be
made.
Göker et al investigated ABO blood groups for 186
patients and reported that blood group A (57 %)
was the most frequently detected among the
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COVID-19 patients, followed by the blood group O
(24.8 %). However, no association between blood
group and clinical outcome was established. The
Blood group A individuals were significantly
higher in number with COVID-19 compared to
controls (57 % vs 38 %, p < 0.001; OR: 2.1). While
the frequency of blood group O was significantly
lower in the COVID-19 patients, compared to the
control group (24.8 % vs 37.2 %, p = 0.001; OR:
1.8).16 Likewise, a retrospective cohort study with
265 patients from the Central Hospital of Wuhan
showed there was a higher proportion of patients
infected with SARS-CoV-2 that have blood group
‘A’ than that in healthy controls (39.3 % vs 32.3 %,
p = 0.017), while the proportion of blood group
‘O’ in patients infected with SARS-CoV-2 was significantly lower than that in healthy controls (25.7 %
vs 33.8 %, p < 0.01).17 In other recent findings,
Ziadi reported a decreased efficiency of adhesion
of the Spike protein (S protein) to the angiotensin
converting enzyme 2 (ACE2) receptor by antibody
A, as suggested in other studies. He further stated
that a lower susceptibility of blood group ‘B’ and
‘O’ was the case, but it did not explain susceptibility of the ‘AB’ blood group without anti A and anti B
in the blood serum.18
In contrast to the above, a study of 397 patients
reported an increase in COVID-19 infection associated with the ‘AB’ blood group.19 However,
the other findings of Abdollahi19 regarding no
significant relationship between Rh phenotypes
with COVID-19 susceptibility were consistent
with the results presented in this study. A study
using data from anti-A and anti-B antibodies
rather than ABO blood group reported subjects
with anti-A (ie, B and O blood groups) were significantly less susceptible to COVID-19 than those
lacking anti-A regardless of group whereas there
was no significant difference for anti-B in the serum.20 Similarly, Guillon et al and Gustafsson et al
argued that either a monoclonal anti-A antibody
or natural plasma anti-A present in blood group
‘O’ specifically inhibited the SARS-CoV S protein/
ACE2-dependent adhesion to ACE2-expressing
cell lines. Therefore, ABO polymorphism could
contribute to substantially reducing SARS-CoV
transmission.21, 22 The results from Gustafsson et
al confirmed that the glycans have more potential to carry variations than proteins and nucleic
acids. The well-known example is polymorphic
terminal glycosylation of the ABO blood group
family of antigens. The association between infectious diseases and ABO antigens at mucosal
surfaces leads to differential adherence of pathogens. Another way the blood group types might
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affect susceptibility is interaction with the coagulation system. Some factors like von Willebrand
factor and factor VIII affect in vivo half-life and
clearance of blood type antigens.23
Similarly, Dai24 studied the interaction among
COVID-19 cases, hypertension, and ABO blood
grouping. It was reported that in hypertensive
patients the renin-angiotensin-aldosterone system (RAS) was overexpressed due to inhibitors
of angiotensin converting enzyme (ACE2). The
expression of ACE2 receptors was upregulated
in hypertensives. The ACE2 receptor was the primary entry site for SARS-CoV-2. Dai mentioned
that the ABO blood group was associated with
ACE activity and ACE inhibitors induced cough.24
The GATC haplotype of the ABO gene polymorphism is prevalent among the non-O blood type
patients and is positively associated with an
ACE activity. Therefore, O blood type carriers
have lower ACE levels and are less susceptible to
COVID-19 infection.24 In a recent genome-wide
association study between COVID-19 and disease
severity (respiratory failure) 1,980 patients were
included from Italy and Spain. Ellinghaus et al25
analysed 8,582,968 single-nucleotide polymorphisms and conducted a meta-analysis of the
two case–control panels. They found significant
cross-replicating associations with rs11385942
at locus 3p21.31 and with rs657152 at locus
9q34.2. The association signal at locus 9q34.2
coincided with the ABO blood group locus. In a
blood-group–specific analysis, blood group A
showed higher risk than in other blood groups
(odds ratio, 1.45; 95 % CI, 1.20 to 1.75) and blood
group O showed a protective effect as compared
to other blood groups (odds ratio, 0.65; 95 % CI,
0.53 to 0.79).25
There may be other mechanisms responsible for
higher susceptibility of particular blood group
phenotypes that require further studies.

Conclusion
The study shows a relationship between ABO
blood grouping and COVID-19 susceptibility,
with group A being more susceptible. The application of these relationship in clinical practice
requires more exploratory studies.
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Limitations of the study
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Abstract
Background: World Health Organisation Uppsala Monitoring Centre (WHO-UMC)
was set up in 1968 to collect Adverse Drug Reactions (ADRs) periodically for all
drugs across the globe. It identifies two main approaches to pharmacovigilance: active (intensive) and passive (spontaneous). However, very few studies are available
to compare these two methods of adverse drug reaction reporting.
Methods: A prospective observational study was done on 303 newly diagnosed patients with tuberculosis receiving directly observed therapy short-course (DOTS)
in the Sawai Man Singh (SMS) Hospital, Jaipur between 1 January 2019 and 31 December 2019. They were randomly divided into groups A (150 patients) and B (153
patients). Group A patients were followed actively at fixed intervals of time for ADRs
till next six months through electronic conversation or personal interview. Group B
patients were required to report spontaneously for any ADRs to pharmacovigilance
centre. After data collection causality assessment was done using the WHO-UMC
scale to identify false reporting and finally results were analysed statistically by
means of the t-test using Minitab 14 software Pennsylvania, USA.
Results: 153 ADRs were reported in active and 39 in passive group. Hence the yield
of ADR was four times more in active method. After causality assessment, 31 in
group A and 12 in group B were found to be falsely related (unlikely) to antitubercular drugs. Two sample t-test revealed active method reported more false ADR (p
= 0.005).
Conclusion: Although active method of surveillance identifies more ADRs than
passive method, it is also more prone to false reporting. Hence its benefits should
be weighed against its cost before adopting it for countries with limited resources.
Key words: Adverse drug reaction; Adverse drug reaction reporting systems; Tuberculosis; Pharmacovigilance.
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Introduction
Adverse Drug Reactions (ADRs) are inevitable part
of drug administration. They account for 5 % of all
hospital admissions, occur in 10-20 % of hospitalised patients and are the fourth leading cause of
death.1 To collect and analyse the ADRs of all drugs
across the world, a pharmacovigilance programme
(also known as drug safety monitoring abbrevi-

ated as DSM or drug surveillance) was started in
1968.2 Pharmacovigilance is defined by the World
Health Organisation (WHO) as “the science and activities relating to the detection, assessment, understanding and prevention of adverse effects or
any other drug-related problem.”3
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WHO identifies two main approaches to pharmacovigilance: passive (spontaneous) surveillance
and active (intensive) surveillance.4 Most of the
countries including India usually follow the passive (spontaneous) method of reporting ADR,
though, some developed nations like Australia,
The Netherlands, Cambodia have well organised
active system for drug safety monitoring also
using the claims, electronic health records, pharmacy benefits manager, registry, medical records,
practitioner-generated data and questionnaire
based e-tools.5-7 In spontaneous method, ADR reporting is done by health care workers or patients
themselves to the pharmacovigilance centre (also
known as ADR Monitoring Centre). This method
covers a larger population and is useful for hypothesis generation, signal detection and for rare
diseases but is often targeted for its under-reporting, the Weber effect (maximum ADRs are reported in first two years of launch of a medicine and
then keeps on decreasing).8, 9, 10
On the other hand, in active surveillance method, investigator does not wait for the patients or
healthcare facility itself to report ADRs. Rather,
they themselves take the initiative to find them
in a pre-organised manner. Active surveillance
is promoted for early detection of ADRs and signals.11, 12 Government of India has also initiated active DSM in 2015 for second line and newer drugs
used in multi drug resistant (MDR) and extremely
drug resistant (XDR) cases of tuberculosis (TB)
but there are still negligible data regarding comparison of these two methods of ADR surveillance
in terms of actual yield and false reporting.13
The objective of the present research was to compare active and passive ADR reporting methods
with special focus on false reporting rate in category I tubercular patients. TB was selected owing
to high incidence of ADRs due to antituberculosis
treatment (ATT) and importance of the disease to
the country.

Methods
It was a prospective, observational type of study
conducted at Directly Observed Therapy Shortcourse (DOTS) centre and ADR Monitoring centre
(AMC), also known as pharmacovigilance centre,
attached to the Sawai Man Singh (SMS) Hospital,
Jaipur from 1 January 2019 to 31 December 2019.

A total of 303 category I TB patients who were visiting DOTS centre for the first time for treatment
of TB were enrolled into the study after their informed consent. Category I TB comprises newly
diagnosed case of TB susceptible to first line antitubercular drugs, ie isoniazid, rifampicin, pyrazinamide, ethambutol. Category II TB patients, those
on immunosuppressants, pregnant and lactating
women were not included in the study. A total of
303 enrolled patients were randomly divided into
two groups A (150) and B (153). If anyone proved
to be resistant to any of the above four drugs
during the study later on, he/she was excluded
and a fresh recruitment was done untill the sample size of 150 in each group was achieved.
Group A (active surveillance) patients were monitored actively for adverse drug reactions. For it,
they were interviewed personally through faceto-face meetings or by phone at pre-decided intervals of time (on days 3, 7, 15, 30, 90, 180) using a
pre-validated structured questionnaire. WHO-endorsed ADR forms were then filled up using the
collected ADR information.
Group B (passive surveillance) patients registered
for receiving ATT were asked to report any adverse reactions either by themselves or through
healthcare workers (HCW) to pharmacovigilance
centre of the institute. For self-reporting a tollfree phone number was shared with them and a
drop box was placed in DOTS centre.
The recruitment period was six months and data
were collected for the next six months after ATT
had been started in each patient, as ATT is given
for six months in category I TB patients as per National Guidelines. The information collected was
then analysed statistically by Chi-squared test and
two sample t-test using the software Minitab 14
Pennsylvania, USA.
Institutional Ethical clearance was obtained via
letter No 4123/MC/EC/2018 dated 9 October
2018.
Causality assessment and identification of false
reporting
With the advancement in technology and growing sources of ADR reporting (even social media
like Twitter, Facebook), a number of methods and
algorithms for filtering entities to optimise ADR
identification have been developed.14 But as this
study was constrained to single institute with
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limited ADRs, so WHO-UMC scale for causality
assessment was followed for false reporting also.
According to Varallo et al also, it is the most consistent way for use in hospitals, since it allows
evaluating the quality of the report.15
WHO-UMC system is basically a combined assessment taking into account the clinico-pharmacological aspects of the case, history and the quality
of the documentation of the ADR. There are six
WHO-UMC causality categories – certain, probable/likely, possible, unlikely, conditional/unclassified and unassessable/unclassifiable. Since by far
the most frequent categories in case reports are
‘possible’ and ‘probable’, the usual approach is to
choose one of these categories (depending on the
impression of the assessor) and to test if the various criteria fit with the content of the case report
for ADR. To see if that category is the right one
or if it does again not seem to fit, the next adjacent term is tried. Those that fell into the category
‘unlikely’ were considered as falsely attributed to
drug(s) being used.16
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Table 1: Characteristics of the patients in active and passive
study groups
Characteristics

Active (150)

Passive (153)

Mean age (years)
Male
Female
Pulmonary TB
Extrapulmonary TB
Education – high level and above

29
96
54
126
24
113

31
91
62
128
25
101

Associated comorbidities
HIV
Diabetes mellitus
Addiction – smoking/ alcoholism

3
10
16

3
10
16

groups.
A total of 192 ADRs were reported from 303 patients in this study. When the ADRs collected by
Table 2: Distribution of false positive ADRs in active and passive
methods
ADR

Active (150)

Passive (153)

Nausea, vomiting

2

2

Gastrointestinal upset

4

2

Abdominal pain

2

1

Jaundice

1

0

Skin rash

3

1

Pruritus

4

1

Flushing

2

1

Paraesthesia

2

0

Numbness

0

0

Characteristics of the patients included in active
and passive study groups are shown in Table1.

Visual toxicity

2

0

Mental disturbances

3

2

Loss of diabetes control

1

-

Chi-squared test applied for the characteristics
between two groups gave p value of 0.990 showing no significant difference between the study

Arthritis

1

0

Decreased urine output

0

0

Others – fever, shock,

4

2

Results

acne, vertigo, dyspnoea

Figure 1: Normality check of the data distribution for active and passive surveillance
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active and passive surveillance method separately were compared, it revealed that the ratio
of ADR detection was 4:1 in active verses passive ADR surveillance group. By active method,
a total of 153 ADRs were reported and 39 ADRs
were collected by passive reporting. On causality
assessment of the reports, it was seen that out of
them 31 and 12 were falsely attributed to ATT by
active and passive methods, respectively (Table
2). These falsely reported ADRs were either not
in timeline with intake of drug or other diseases/
drugs provided plausible explanations.
Statistical analysis and interpretation
Initially normality of the data distribution was
checked by probability plots before applying the
t-test. As almost all the points lied within the 95 %
confidence interval, it was inferred that the study
population in both the groups was following the
normal distribution (Figure 1).
Then the two-sample t-test was applied for statistical comparison of false reporting rate between
the active and passive methods (Table 3). To apply the t-test it was assumed that null hypothesis
(H0) was true and hence there was no difference
between them.
Table 3: Two-sample t-test and confidence interval (CI) for false
ADRs in active and passive method
Active
Passive

N

Mean

SD

SE

15
15

2.07
0.80

1.33
0.86

0.34
0.22

95% CI for difference: (0.41, 2.11); t = 3.09; p = 0.005;
N= number of variables, SD = standard deviation; SE = standard error
of means

next to chemotherapy and antiretroviral drugs.17
The most common ADRs induced by first-line anti-TB drugs are hepatotoxicity, gastrointestinal disorders, allergic reactions, arthralgias, neurological
disorders etc. In this study, active surveillance and
spontaneous reporting for ADR contributed 80 %
and 20 % of total ADRs, respectively. Similar study
by Tandon et al reported 66.13 % versus 33.86 %
of the total ADRs.18 Many other studies have also
shown that that active surveillance programs
detected additional ADRs compared to those of
spontaneous reporting programs. They noted not
only causative drugs, clinical features also varied
in two methods.18, 19, 20
In the present study, after causality assessment,
22.3 % of ADRs were found to be falsely attributed to ATT with 72.1 % and 27.9 % from active
and passive reporting methods, respectively. Statistical analysis confirmed that active method is
prone to false reporting of ADR (p = 0.005). These
findings are in concordance to the study by Berry et al that for level of specificity, the decreasing
order for the three ADR reporting methods was
voluntary reports (passive), pharmacist screening
of medication orders and pharmacist screening of
laboratory reports (active); with the differences
among all three methods being significant.21 Tandon et al also raised the concern of false reporting
if it is made mandatory for HCW and thus compromising the quality of reports.18

Since this p value was less than 0.05 (level of significance in the study) so the null hypothesis was
rejected and it was concluded that there was a
significant difference of false reporting rate between the methods. As the mean, standard deviation, standard error of mean (SE) mean values
were higher for active method, it means high incidence of false reporting in active in comparison
to passive method.

The main purpose of the study presented in this
paper was to investigate the potential of a surveillance system for yield and false reporting and not
to evaluate the drug reactions reported. Presented
findings are akin to those by Lynn et al who also
found that although two systems are clearly different, they could complement each other. 22 If an
active reporting system is to be used in routine
for ADR collection, it will be necessary to improve
ADR ascertainment and decrease false reporting.

Discussion

Strengths of the study

Isoniazid, rifampicin, pyrazinamide, ethambutol
are the first line anti-TB drugs given in all category I TB patients and some category II TB patients depending on susceptibility. Anti-TB drugs
are documented to have high incidences of ADRs,

This is the first data-based study to compare active and passive methods in terms of yield and
false reporting.
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Limitations of the study

7.

The study was restricted to a particular disease in
a single institution.

8.

Conclusion

9.

10.

Active surveillance for ADRs definitely increases the yield in comparison to passive spontaneous reporting but at the same time chances of
false reporting are also significantly higher in it.
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Abstract
Background/Aim: Superior colliculi have an important role in the visual system,
some motor functions and behaviour. Branches of the posterior cerebral artery and
surrounding vessels form a collicular arterial network, which gives rise to several
penetrating vessels for superior colliculi. The aim of the study was to determine relative stereological parameters (volume, surface and length density) of the vascular
network in superior colliculi and to correlate those parameters with age.
Methods: Ten adult brainstems, both male and female, were cut transversally at
the middle of superior colliculi in three-millimetre-thick strata. Every stratum was
cut in 4 µm thick semiserial sections stained with Mallory method. Images of every
fifth section (5, 10, 15, 20) of superior colliculus were taken with „Leica“ DM 1000
microscope and „Leica“ MC 170HD camera under x 400 magnification and analysed
by ImageJ software with A 100 grid. Statistical analysis was performed by the SPSS
software with 5 % level of significance using methods of descriptive statistics,
Spearman's and Pearson's correlation coefficient.
Results: The average volume density of vascular network in superior colliculi was
0.0203 mm0, surface density 6.133 mm-1, and length density 205.357 mm-2. All those
parameters decreased with ageing, but statistically significant change was seen
only in length density (p = 0.006).
Conclusion: Compared to the structures at the same transversal level, the vascular network of superior colliculi has an average density. With ageing, blood vessels
become less tortuous.
Key words: Superior colliculus; Blood vessels; Ageing.
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Introduction
The superior colliculi (SC) are subcortical visual
centres that control eye movements and process
visual information.1 SC also has a role in motor
functions, which helps humans to orient their attention and behaviour according to sensitive information.2 Besides, SC generates voluntary and
reflex saccades.3 SC lesions are most commonly
vascular and cause the paralysis of upward gaze,
blurry vision, dizziness and sometimes even paraesthesias of the lateral part of the upper lip.4 Terminal branches of the collicular artery (P1 segment
of the posterior cerebral artery) supply SC. If these

branches have a smaller calibre, the superior cerebellar artery supplies the lower part of SC and the
most rostral part receives blood from branches
of the posterior medial choroidal artery.5, 6 Those
branches form a collicular network on the SC surface,6 which gives rise to several thin branches
that penetrate each SC, passing through all layers
of SC as parallel arches, concave mediodorsally. There are two types of penetrating branches:
short and long. Short ones reach the middle layers
of SC, while long ones pass through all layers of
SC and give branches to the periaqueductal grey
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matter.7 Distribution of blood vessels within SC is
even and, based only on the blood vessels density,
it is not possible to distinguish layers of SC nucleus.5 Those vessels have ipsilateral anastomoses,
and vascular fields of left and right SC are separated by an avascular zone, which corresponds to
vertical intercollicular sulcus.5 Due to these facts,
vascular lesions in SC are ipsilateral and in some
cases there is no neurological defect.8, 9
The aim of the study is to perform a stereological
analysis of blood vessels of SC by determining the
relative stereological parameters: volume, surface, and length density, and to determine possible changes in these parameters with ageing.

Methods
The study was conducted with the approval of the
Ethics Committee of the University Clinical Centre
of the Republic of Srpska on samples of 10 brainstems, both sexes, aged 21 to 83 years (average
age 57.07 years), who died without diagnosis of
neurological diseases. Brainstems were cut into
two three-millimetre-thick strata in the transverse plane (stratified sampling) at the level of the
middle of the SC.10 Semi-serial sections (5,10,15,
20), 4 μm thick, were made from the obtained
strata and stained with the Mallory method. The
reference space of the study in all cases was SC,
and the studied phase was the blood vessels.
Photographs of the research object were taken using a camera “Leica” MC 170HD (Leica Microsystems CMS GmbH, Wetzlar, Germany), TIFF format,
resolution 2592 x 1944 pixels, at magnification
x400 light microscope “Leica” DM 1000 (Leica
Microsystems CMS GmbH, Wetzlar, Germany) and
x0.7 magnification of the camera c-mount. A total of 6,000 visual fields were photographed. ImageJ, version 1.53a (National Institutes of Health,
Bethesda, USA) was used for stereological analysis. Before the analysis, a spatial calibration was
performed using an object micrometre and the
parameters of the A 100 test system were determined, based on which, using the grid option, a
test system A 100 was formed (Table 1).
After setting up the grid test system, the image
was analysed using a cell counting tool. In each
section, 10 visual fields were measured: scores,
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intersections, and the number of blood vessels,
and the values obtained

were included in formulas for calculating relative stereological parameters (volume, surface, and length density).
Table 1: Basic parameters of the test system A 100
A 100

Objective x 40

Pt
d
Lt
At

100
0,0193 mm
3,86 mm
0,0374 mm2

Pt – number of points in A 100 test system;
d – length of one line of the test system; Lt –
length of all lines of the test system; At – the
surface of the test system; Lt=Pt·d·2; At=Pt·d2

Volume density (Vv) was calculated according to
the formula: Vv (mm0) = Pf/Pt (Pf - number of
points of the test system falling on the studied
phase; Pt – total number of points within the test
system A100).11
Surface density (Sv) was determined by the formula: Sv (mm-1) = 2·If/Lt (If- the number of intersections of test system lines with studies phase;
Lt- total length of test lines).11
Length density (Lv) is a relative stereological parameter which determines the length of a certain
curve in a volume unit. It was determined by the
formula: Lv = 2 x Qf / At (mm-2), where Qf represents the number of intersections of blood vessels and A 100 test system, and At is the surface of
the test system.12
Statistical analysis of the results was performed
using the Statistical Package for the Social Sciences (SPSS) software (SPSS Inc, Chicago, USA), version 16.0, using methods of descriptive statistics,
Spearman’s and Pearson’s correlation coefficient.
Statistical significance was tested for the level of
statistical significance of 5 %.

Results
The study was conducted on 10 SCs, both sexes (5
men and 5 women). The youngest analysed sample was from a person aged 24 years, and the oldest 82 years (group average age 60.5 years).
The mean value of the volume density of blood
vessels was 0.0203 mm0. The lowest volume
density of blood vessels was in a person aged 66
years (0.0151 mm0) and the highest in a person
aged 55 years (0.0361 mm0). The value of volume
density decreased with age, but the decrease did
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not reach statistical significance (ρ = -0.552; p =
0.098) – Figure 1.

old person (138.609 mm-2). In contrast to volume
and surface densities, the decrease in length density with ageing was statistically significant (r =
-0.799; p = 0.006) - Figure 3.

Discussion

Figure 1: Values of volume density of blood vessels of the SC
with age

The average value of the surface density of the
blood vessels was 6.133 mm-1. The lowest surface
density of blood vessels was in a person aged 78
years (4.026 mm-1) and the highest was found in a
person aged 55 years (9.335 mm-1). Surface density values also decreased with age, but also without significance (r = -0.49; p = 0.151) - Figure 2.

Figure 2: Surface density of SC with aging

The length density averaged 205.357 mm-2. The
highest value was observed in a 34-year-old person (295.882 mm-2), and the lowest in an 82-year-

Figure 3: Changes of length density with aging

Detailed knowledge of the size of the vascular
fields within the midbrain is necessary to interpret
the pathological changes that occur as a result of
occlusion of the midbrain blood vessels. Available
literature data describe pathological changes in
terms of case reports,8 while data on stereological parameters of blood vessels of the SC and their
eventual change with ageing are not found.
The midbrain arterial network is complex, which
is why vascular lesions do not give symptoms of
midbrain lesion only, but also symptoms of damage to the cerebellum, thalamus and pons.13 Clinical features of midbrain infarcts include a variety
of symptoms, depending on size and location of
the infarct. Dorsal midbrain infarct (where SC is
located) causes oculomotor syndromes, diplopia
and abnormalities of vertical gaze, but it can also
include auditory symptoms, such as tinnitus and
hyperacusis.14
The results obtained in this study were compared
with the characteristics of vascular networks of
structures located at the same transverse plane of
the midbrain. The volume density of the vascular
network of the principal oculomotor nucleus is
0.03 mm0, the surface density is 8.35 mm-1, and the
length density is 359 mm-2.15 The volume density
of the blood vessels of the magnocellular part of
the nucleus ruber is 0.014 mm0, the surface density is 4.19 mm-1, while the length density is 90.82
mm-2.16 All examined parameters of the vascular
network of the SC were lower than the vascular
density of the principal oculomotor nucleus and
higher than the magnocellular part of the nucleus
ruber. Based on these values, it is noticed that the
blood vessels of the principal oculomotor nucleus
are larger and more convoluted in comparison with
the blood vessels of the SC and the magnocellular
part of the nucleus ruber, which predisposes the
principal oculomotor nucleus to a more frequent
vascular occlusion.17, 18 With ageing, no changes in the studied stereological parameters of the
blood vessels of the principal oculomotor nucleus and the magnocellular part of the nucleus ruber were observed,19,16 while the blood vessels of
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the SC show a decrease in the length density with
age, which means that their tortuosity decreases, which was not seen in other structures at the
same transversal level.
Due to the neural connections of the SC and substantia nigra, vascular networks of these two
structures were compared. The volume density

of substantia nigra blood vessels was 0.058 mm0,
and the surface density was 7.853 mm-1,21 which
shows that the vascular network of the substantia
nigra is much denser than the network of the SC.
Due to the higher density of blood vessels, vascular lesions are more common in the anteromedial
and anterolateral zone of the mesencephalon, to
which the substantia nigra belongs.22

Conclusion
Compared to other structures at the same transversal section through the middle of the SC, the
vascular network of SC has an average density.
With ageing, all parameters of the vascular network decrease, but length density changes are
the only ones that reach statistical significance,
which indicates that blood vessels with ageing
become less tortuous.
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Effect of Hydrokinesitherapy on the
Rehabilitation Outcome in Patients After Total
Hip Replacement
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Abstract
Background/Aim: Total hip replacement is considered as one of the most successful treatment methods in orthopaedic surgery of the 20th century, since it significantly improves the quality of life of the individuals with coxarthrosis. Protocols
and the organisation of the postoperative rehabilitation differ significantly around
the world. The aim of this study was to investigate the effect of hydrokinesitherapy
on the rehabilitation outcome in patients after total hip replacement under in-patient conditions.
Methods: This prospective clinical trial included a total of 100 patients of both genders, average age 59.11 ± 8.85 years, which were admitted to the in-patient postoperative rehabilitation after total hip replacement. Patients were randomised in
two groups: group A (n = 50) that was subjected to rehabilitation program with hydrokinesiherapy and group B (n = 50) that was subjected to rehabilitation program
only. The parameters registered were: the range of movement in the operated hip,
the circumference of the femoral musculature and the Western Ontario and McMaster Universities Osteoarthritis Indeks (WOMAC index) at admittance and discharge
from in-patient rehabilitation.
Results: The average values of hip flexion with extended knee, extension and external hip rotation were significantly better in group A (p < 0.05). The values of
the circumference of the femoral musculature and WOMAC index in patients from
group A were significantly better on discharge compared to the admission. Also,
this group had a statistically significantly better values of the circumference of the
femoral musculature and value of WOMAC index at discharge compared to patients
from group B (p < 0.05).
Conclusion: Hydrokinesitherapy as a part of the protocol for postoperative rehabilitation in patients after total hip replacement leads to a faster improvement of the
functional status of the operated hip and patient's quality of life.
Key words: Rehabilitation; Hydrotherapy; Replacement; Hip.
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Introduction
Quality of treatment of patients with advanced
coxarthrosis is high only in case of the synergistic
effect the well-planned and executed orthopaedic
treatment and well-organised postoperative rehabilitation. Total hip replacement is considered as
one of the most successful orthopaedic procedures

today.¹ The goals of postoperative rehabilitation
are decreased pain, improved mobility, muscular
strength and quality of life of these patients. Decreased the femoral circumference as a direct index of hypotrophy of the femoral muscles is one of
the important parameters of the functional status
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of patients after total hip replacement. Postoperative rehabilitation program includes the use of
interferential currents, magnetotherapy, kinesitherapy, hydrokinesitherapy, occupational therapy
and other modalities as needed.² Hydrokinesitherapy (aquatic, therapeutic exercises in pool) is
one of the therapeutic modalities whose physical
characteristics decrease the pressure on the operated hip and enables earlier, more intensive and
less painful movements. Besides, selected exercises in the water medium assure normalisation
of the patterns of muscular activation, mobility
and stability of the hip joint and proprioception. ³
Aim of the study was to investigate the effect of
hydrokinesitherapy on the outcome of the rehabilitation of patients after total hip replacement
under the in-patient conditions.

Methods
This prospective clinical trial included a total of
100 patients of both genders, aged (mean ± standard deviation) 59.11 ± 8.85 years with advanced
unilateral coxarthrosis that underwent total, primarily, unilateral hip replacement and were admitted on in-patient postoperative rehabilitation.
Inclusion criteria were: normal laboratory parameters (sedimentation of erythrocytes, C-reactive
protein, complete blood cell count and urinalysis),
normal postoperative radiographic imaging of the
operated hip and normal control orthopaedic and
physiatric examination. Non-inclusion criteria
were: immobile patients, infection, patients with
inflammatory rheumatism and patients who could
not undergo the in-patient postoperative rehabilitation with hydrokinesitherapy due to comorbidities. The research was approved by the Managing
Director of the Institute for Physical Medicine and
Rehabilitation ‘’Dr Miroslav Zotovic’’, Banja Luka.
All the patients were operated at the Orthopaedic
Surgery Department and treated at the Department for Treatment of Rheumatologic, Postoperative and Posttraumatic conditions of the Institute
for Physical Medicine and Rehabilitation ‘’Dr Miroslav Zotović’’ in Banja Luka during 2016. Patients
were divided by means of the block randomisation in two groups of 50 patients each, depending on the fact whether they were treated with
hydrokinesitherapy during the in-patient postoperative rehabilitation or not. The protocol of the
in-patient postoperative rehabilitation comprised
the implementation of: individually-adjusted ki-

nesitherapy, occupational therapy, interferential
currents aimed at the operated hip and magnetotherapy in the form of low-frequency magnetic
field once daily over a three-week period.4-6 Patients in group A (n = 50) had hydrokinesitherapy
once daily during 30 minutes in total period of 21
days, while patients in B (n = 50) did not have it.
Hydrokinesitherapy included exercises to increase
the range of motion and strengthen the muscle
strength of pelvic and femoral muscles in water
of indifferent temperature (34 - 35°C), which patients performed in ‘’Slatina’’ mineral water under
the supervision of a physiotherapist once a day
for 30 minutes. According to its composition, this
mineral water is a sodium-calcium-magnesium
hydrocarbonate hypertherm that is cooled to an
indifferent temperature for therapeutic purposes.
Monitored parameters of the effect of postoperative rehabilitation were: range of movement in
the operated hip, the circumference of the femoral musculature and the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC index) on admission and discharge from the
in-patient rehabilitation. The range of motion and
circumference of the femoral musculature were
parameters of functional recovery of the operated
hip and WOMAC index was used as the standard
test of quality of life measurement in these group
of patients. The range of motion was measured
with a goniometer and the circumference of the
femoral musculature with a measuring tape in
centrimetres in three consecutive measurements
by the same examiner. The values of the monitored
parameters were the average values of three consecutive measurements. The circumference of the
femoral musculature with a centimetre tape was
measured on 10 cm above top border of the patella. The data were collected on admission and on
discharge form in-patients rehabilitation. Statistical data processing was done using the Statistical
Package for the Social Sciences (SPSS) programme
version 20. Methods of descriptive statistics, Chisquared test, Levene’s test, t-test, Mann-Whitney
test and Spearman’s correlation were used for statistical analysis of the data. As a statistically significant difference was considered p < 0.05.

Results
Demographic characteristics

Out of a total of 100 patients after primarily, unilateral, total hip replacement, between the two
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equal groups – A and B – there was no significant
difference as regards to gender and body mass index (BMI), which speaks in favour of the homogeneity of the groups. Patients in group A were significantly older (p < 0.05). (Table 1).
Table 1: Distribution of the patients according to age, body mass
index (BMI) and gender
BMI

Mean ± SD

Mean ± SD

Group A 50 62.62 ±7.51 27.62 ±1.98
Group B 50 55.60 ±8.75 28.19 ±1.65
p-value
0.009*
0.11*
* t-test for independent samples; ** χ² test

Female N (%)

Male N (%)

26 (48.1%)
24 (52.2%)
28 (51.9%)
22 (47.8%)
0.84**

Amplitude of movement in the operated hip

The values of flexion with extended knee in the operated hip on admission were not significantly different between the patient groups A and B (47.80 ±
6.93 vs 39 ± 9.42 degrees). Patients in both groups
had larger amplitude of flexion with extended
knee after the implementation of the in-patient
rehabilitation, but this improvement was significantly better in Group A patients. Increase of this
parameter on discharge was 39.02 % and 18.87 %
of the admission values in Groups A and B, respectively (Figure 1).
Mean value of the external rotation in the operated hip was also significantly improved after
the implementation of the in-patient rehabilitation in patient exposed to hydrokinesither90
80
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Figure 1: Increase in the amplitudes of the operated hip flexion
(% of values before rehabilitation) with extended knee in patients with hip replacement after in-patient rehabilitation. Group
A – rehabilitation programme plus hydrokinesitherapy, Group B
– rehabilitation programme without hydrokinesitherapy. ¶ p <
0.05, values after rehabilitation vs values before rehabilitation.
* p < 0.05, group B vs group A.

Group B

Figure 2: Increase in the amplitudes of the operated hip external
rotation (% of values before rehabilitation) in patients with hip
replacement after in-patient rehabilitation. Group A – rehabilitation programme plus hydrokinesitherapy, Group B – rehabilitation programe without hydrokinesitherapy. ¶ p < 0.05, values
after rehabilitation vs values before rehabilitation.
* p < 0.05, group B vs group A.

Although in both groups of patients significant
improvements in amplitudes of other permitted
movements in the operated hip were found on
discharge after the in-patient rehabilitation, compared to the admission values (flexion with the
flexed knee, extension and abduction), there were
no significant differences between the Groups A
and B.

Femoral circumference

50
40

140

Gender

% of the starting value

N

Age

apy (p < 0.05). On admission, Group A patients
had external rotation amplitudes of 14.20 ± 4.98
degrees, while on discharge the value was 25 ±
6.46 degrees (Figure 2), which meant the 80 %
improvement. In Group B patients, the obtained
effect was nearly half of this – 40.44 %.

Decreased the femoral circumference as a direct
index of hypotrophy of the femoral muscles is
one of the important parameters of the functional
status of patients after total hip replacement. Although the increase of the femoral circumference
10 cm above the upper border of the patella was
found in both groups of patients, it was significant
(p<0.05) only in Group A patients (51.92 ± 3.23 cm
on admission, 52.54 ± 3.15 cm on discharge). The
corresponding values in Group B patients were
51.94 ± 3.27 cm and 52.36 ± 3.36 cm. Percentual
changes in Groups A and B were 1.21% and 0.81
%, respectively and this difference was significant
(Figure 3).
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Discussion

3

There is no universal rehabilitation protocol in
the available literature that could serve as a ‘’gold
standard’’ for patients after total hip replacement.7-9 Various authors focus on the effects of different modalities of physical therapy and various
kinesitherapy techniques.10-16

2.5
2
1.5
¶
1

¶

0.5
0

Group A

Group B

Figure 3: Increase in the vthigh circumference 10 cm above
top border of the patella in patients with hip replacement after
in-patient rehabilitation. Group A – rehabilitation programme plus
hydrokinesitherapy, Group B – rehabilitation programme without hydrokinesitherapy. ¶ p < 0.05, values after rehabilitation
vs values before rehabilitation. * p < 0.05, group B vs group A.
80
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Figure 4: Decrease in the WOMAC index value in patients with
hip replacement after in-patient rehabilitation. Group A – rehabilitation programme plus hydrokinesitherapy, Group B – rehabilitation programme without hydrokinesitherapy. ¶ p < 0.05,
values after rehabilitation vs values before rehabilitation. * p <
0.05, group B vs group A.

WOMAC index

WOMAC index, as an index of the quality of life in
patients after total hip replacement, was also significantly improved on discharge after the in-patient rehabilitation in Group A patients (p < 0.05).
Mean value of this index on admission was 23.91
± 6.12, while it was 10.66 ± 4.78 on discharge
(Figure 4), which represents a 55.54 % improvement. The same improvement of WOMAC index in
Group B patients was 33.63 % and this difference
was significant, in favour of the Group A.

Results of the current research speak in favour
of the benefits of the hydrokinesitherapy in rehabilitation of patients after total hip replacement.
Analysis of the improvement in the amplitudes
of movement in the operated hip, measuring the
improvement of the muscular strength of the
dynamic stabilisers of the hip and by testing the
quality of life of these patients, it was shown that
the biggest improvements were found in patients
that underwent hydrokinesitherapy as a part of
the complex in-patient rehabilitation treatment.
At the same time, gender and BMI had no effect
on the outcome of the in-patient rehabilitation in
patients after total hip replacement. Although the
Group A patients were significantly older, the outcome of their rehabilitation was better, which favours addition of hydrokinesitherapy to the standard in-patient rehabilitation protocol. There are
several published clinical trials that support such
a notion.
A group of Polish authors showed a significant improvement of the functional status in 96 patients
undergoing hydrokinesitherapy after the implantation of the total hip replacement.17 Foley et al
reported positive effects of hydrokinesitherapy on
degenerative changes in the hip joint.18 They found
that 105 patients undergoing hydrokinesitherapy
had better results than the patients without such
a treatment. The group of patients that had their
exercises in the pool had a significantly improved
muscular strength of hip stabilisers, combined
with the increased amplitudes of the movements
in the operated hip, which is confirmed by the
present study, too. Belz et al estimated the positive
effects of hydrokinesitherapy on the reeducation
of the walking pattern in patients with artificial
hip joint. Results of the research undertaken in
249 patients after a 20-week-long hydrokinesitherapy (twice a week) clearly show that this type of
therapy was efficient in the treatment of the degenerative diseases of the hip joint. Patients that
exercised in water had significantly better results
in comparison with the control group.19 Lin et al
also reported on the beneficial therapeutic effect
in 106 patients undergoing hydrokinesitherapy.
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Patients that had their exercises in water had significant improvements in the pain scores according to the VAS (Visual Analog Scale for pain) and
in the amplitudes of movements in the operated
hip.20 Siu et al reported better results in patients
who exercised in water.21
In contrast to these results, Suomi et al did not
support use of hydrokinesitherapy and found no
significant changes in the muscular strength of
hip stabilisers and hip joint mobility.22 These results were probably obtained because this study
was performed on a small sample and with short
total duration of hydrokinesitherapy. In fact, out
of a total of 30 patients that were divided in three

groups, only 10 patients underwent hydrokinesitherapy and its intensity was low - 2-3 times a
week over 8 weeks.
Although there is a paucity of relevant data in the
literature, based on the present study results and
several available reports, the impression is that
hydrokinesitherapy is an efficient method in rehabilitation of patients after implantation of the total
hip endoprosthesis. Future similar studies should
be organised on a larger sample of patients and
they should be methodologically more precisely defined regarding the water temperature and
composition, duration of the single treatment and
the total number of the treatments received.

Conclusion
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Introduction: Incidence of chest pain and discomfort varies in general population
between 2 % and 5 %. Total prehospital delay involves two components: the time
it takes for patients to recognise their symptoms as severe and seek medical attention, ie the decision-making time, and the time from seeking help to hospital admission, ie the transport time. Scope of the study was to analyse time loss in patients
with chest pain hesitating to contact healthcare services, as well as distribution of
acute myocardial infarction (AMI) and angina pectoris (AP) among them.
Methods: Retrospective analysis of medical records of physicians working at the
emergency medical services (EMS) Department of the City of Belgrade, Serbia,
from 20 April 2006 to 22 July 2013 on a total of 5,310 completed field interventions. When placing a call to the EMS, 10.43 % of patients cited chest pain as a major
symptom. After deducting all those ones who denied having the symptom on examination thereafter and those for whom there were no data, 349 patients remained,
ie 6.57 % of the total number of calls available for analysis.
Results: The average time between the onset of chest pain and the decision to call
the EMS was 11.97 h, median 2 h and mode 1 h. Patient's minimum prehospital delay was 2 min and the maximum was 20 days. Most patients who experienced chest
pain or discomfort waited less than an hour before calling the EMS. Most commonly
diagnoses made for a symptom of chest pain were AMI and AP, ie AMI with 12.32 %
of the total diagnoses, as well as the elevated arterial pressure. There were more
female patients, with no difference found among the age groups.
Conclusion: For the majority of patients with chest pain and discomfort presented
in this paper the decision-making time was up to one hour, with cardiovascular
causes being the at the top of the list.
Key words: Chest pain; Primary health care; Pre-hospital delay; Time, Emergency
medical services; Pre-hospital.
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Introduction
Chest pain is a common problem and up to 25 %
of the general population experience it during
their lifetime.1 Non-traumatic chest pain is a common symptom in clinical practice and is one of the
most commonly reported complaints of patients
in emergency medical services with a prevalence
of 2–6 %.2-4 Numerous aetiological factors can
cause chest pain, from life-threatening conditions
to others that do not represent an immediate
threat to patients’ lives. Causes of chest pain may

be of cardiovascular, pulmonary, neurological,
gastrointestinal, musculoskeletal or psychiatric
origin.2, 5
Although most patients with chest pain have other non-life-threatening conditions, in approximately 10-20 % of cases, patients suffer from the
acute coronary syndrome (ACS) requiring early
intervention and treatment.3, 6 The most serious
and common causes of chest pain are ACS, aor-
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tic dissection, pulmonary embolism, rupture of
an aortic aneurysm and tension pneumothorax.2
Many factors, including demographics, as well as
clinical and social components, are responsible
for the delay in patient’s decision making process to seek immediate medical attention.7, 8 Numerous studies indicate that it is very difficult
for patients to recognise whether chest pain is
of cardiac or non-cardiac origin.9 Early referral
of possible acute myocardial infarction (AMI)
to hospitals is crucial for survival and subsequent quality of life.10 Various studies have been
conducted on prehospital delay in patients with
chest pain.9, 11 Observational studies indicate
that a number of factors may be associated with
patients' delay in seeking medical attention for
non-traumatic chest pain. These factors include:
demographics (gender, age, race), clinical (history of chronic illnesses and previous myocardial
infarction) and social factors (neighbour/layman
advice, occurrence outside of home, living alone,
resting or sleeping during a cardiac event, feeling
embarrassed).8, 12 Pain intensity may not be a significant factor in the diagnosis of AMI.13
Total prehospital delay involves two components: the time it takes for patients to recognise
their symptoms as severe and seek medical attention, ie the decision-making time, and the
time from seeking help to hospital admission,
ie the transport time.14 Research indicates that
the time elapsed while patients are making a
decision whether to seek medical attention is a
larger component and strategies for reducing the
patient delays must target exactly this component.15–18 The recommendations of the American
Heart Association are that "patients who have
been experiencing symptoms of myocardial infarction for 5-10 minutes should seek immediate medical attention".11 “Early administration
of thrombolytic therapy reduces infarct size and
improves survival. Its administration within one
hour of symptom onset reduces mortality by 45
% and by 23 % if administered within 3 h”.9
In the EMS Department of the City of Belgrade a
medical doctor is a compulsory member of each
EMS team and each ambulance is equipped with
an electrocardiograph machine (ECG) and the
equipment for cardiopulmonary resuscitation.
Scope of the study was analysis of patients' decision-making time since the onset of chest pain
until they make a call to the EMS, evaluation of

diagnoses made by the ambulance team and analysis of patients diagnosed with acute coronary
syndrome (ACS).

Methods
The study is a retrospective analysis of medical
records of physicians working at the EMS Department, Belgrade, Serbia on completed field interventions, from 20 April 2006 to 22 July 2013. Data
were taken from the physician's call form completed for each attended patient and was then
entered into an Excel database, which was then
searched and sorted. Patient’s age, gender, duration of symptoms, previous medical history, as
well as prescribed therapy were recorded, without the identification data such as patient’s name
and address. Included in the study were those
patients whose main complaint was pain or other discomfort suspective of chest pain at the moment when their call was taken by the EMS call
centre. Out of the total number, patients that denied on examination they were experiencing any
chest pain were excluded. There were some patients for whom this information was not entered
and therefore they were excluded from the study
as well. There were 349 patients with complaint
of chest pain as their main symptom, for which
they were able to provide accurate information
about when the problems had started.
In the study group the time elapsed from the
onset of chest pain to the time they made a call
to the EMS Department, Belgrade was analysed.
Times were calculated based on patients’ explanations about when exactly the chest pain had
started. For ease of interpretation, depending on
the duration of the complaint until they made a
call to EMS, patients were divided into groups: ≤
1 h, 1-2 h, 2-24 h, > 24 h.
The diagnosis of AMI was made based on medical history taken during examination, ECG records and other medical records available from
patients. Diagnosis of newly present angina pectoris (AP) was made in patients, as well as prolonged AP and angina with altered character
of complaints. In patients with AMI and AP, the
gender difference in calling EMS was analysed.
Those patients were divided into groups based
on the time elapsed from the onset of pain until
calling for an ambulance: ≤ 1 h, 1-2 h, 2-24 h and
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> 24 h. All patients underwent a medical examination and ECG testing.
The data were processed using IBM SPSS 21.0
software. Results are presented as mean ± standard deviation (SD) and median or mode. Statistical testing was done with the Chi-square test and
descriptive statistics. The diagnoses in this study
represent working, not definitive diagnoses.

Table 2: Duration of chest pain before calling Emergency Medical
Service Belgrade with gender and age distribution
Time

N

%

Gender
Female (N)

Up to 1h 152
1-2 h
47
2 - 24 h 117
Over 24 h 33
Total 349

43.55
13.47
33.52
9.46
100

%

Age

Male (N)

74 37.76
29 14.80
72 36.73
21 10.71
196 100 00

%

Mean ± SD

74 50.34
17 11.56
45 30.61
11
7.49
147 100 00

61.89 ± 13.09
64.50 ± 10.30
67.25 ± 13.21
67.45 ± 15.16
64.53 ± 13.19

N = number of patients; % = percentage of patients
For 3 patients there were no gender data, for 2 patients there is no age data and for 3 patients
there were neither age nor gender data.

Results
Of the 5,310 interventions, a total of 554 calls received by the call centre were with major complaint of chest pain, which accounted for 10.43 %
of all interventions. There were 349 patients with
complaint of chest pain as their main problem, for
which they were able to provide accurate information about when the problems had started,
which makes 6.57 % of the total number of calls
that were included in the analysis.
Gender and age structure are presented in Table
1. When comparing younger and older patients
(up to 65 years and ≥ 65), there were no statistical significance (χ2 = 0.84, p > 0.05), as well as
by gender (χ2 = 0.84, p > 0.05). When comparing
older and younger age representation in the female patient group, there were statistically significantly more elderly patients (χ2 = 9.97, p <
0.01). When comparing younger and older male
patients, there was no statistically significant
difference (χ2 = 0.44, p > 0.05).
Table 1: Gender and age distribution of patients with chest pain
Gender

N

%

147
196
3+3
349

42.12
56.16
1.72
100

Age
≥ 65

Male
Female
Unknown*
Total

77
76
6+2
153

> 65 Total
69
119
188

146
195
8
349

Range Mean ± SD
25-95 62 ± 14
32-88 67 ± 12
25-95 64.53 ± 13.19

N = number of patients; % = percentage of patients
* For 3 patients there were no gender data, for 2 patients there were no age data and for 3
patients there were neither age nor gender data.

The average time between the onset of chest pain
and the decision to call an ambulance was 11.97
h (range 2 min – 20 days), median 2 h and mode 1
h. Older patients waited longer to make the call to
EMS. There was no statistically significant gender difference in all the groups based on duration
of chest pain before calling the EMS (p > 0.05)
(Table 2).

ACS, ie AMI and AP, accounted for 45 % (n = 157)
of all diagnoses (Table 3). Non-cardiovascular diseases accounted for 31.5 %, with severe pain and
muscle cramps. Other cardiovascular diseases
that were the cause of or were interpreted by patients as chest pain accounted for 23.52 % (n = 82)
of cases. In this category increased blood pressure was most common with 10.89 % of cases.
Duration of chest pain before calling EMS based
on diagnosis is shown in Table 4.
The average time from the onset of chest pain to
making a call to the EMS for patients with ACS,
was 7.6 h, median 0.5 h. The average time for AMI,
was 6.3 h (median 0.5 h) and for AP 7.6 h (median
0.5 h). The majority of these patients (43.55 %, n =
152) were in the group who had waited up to one
Table 3: Causes of chest pain based on diagnoses made by the
emergency medicine service team in the field
Diagnosis
Acute coronary syndrome
Acute myocardial infarction
Angina pectoris
Other Cardiovascular Diseases
Hypertension
Rhythm disorders
Heart failure
Cardiac arrest with successful resuscitation
Sudden death due to cardiac arrest
Non-Cardiovascular Causes
Severe pain and spasm
Abdominal and pelvic pain
Throat and chest pain
Instability and dizziness
Syncope and collapse
Nausea and vomiting
Respiratory system*
Other**
Total

N

%

157
43
114
82
38
30
12
1
1
110
45
10
12
2
9
2
12
18
349

45
12.32
32.66
23.5
10.89
8.6
3.44
0.29
0.29
31.52
12.89
2.87
3.44
0.57
2.58
0.57
3.44
5.16
100

N = number of patients; % = percentage of patients
* Respiratory system (cold, respiratory failure, chronic obstructive pulmonary disease, chronic
bronchitis, pneumonia, shortness of breath)
** Other: Z03, unstable joint, cystic watery hernia, mental or behavioural disorders caused
by alcohol use, gallbladder stone without gallbladder inflammation, fever of unknown origin,
apoplexy, severe stress reaction, joint inflammation.
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Table 4: Distribution of pre-hospital delays in patients with chest
pain based on the diagnosis
Time

Diagnosis: N (%)
AMI

Up to 1 h
1-2 h
2 h to 24 h
Over 24 h
Total

AP

27 (17.76) 57 (37.50)
3 (6.38) 16 (34.04)
12 (10.26) 34 (29.06)
1 (3.03)
7 (21.21)
43 (12.32) 114 (32.49)

Other CVD

Non-CVD

Total (N)

24 (15.79) 44 (28.95)
13 (27.66) 15 (31.91)
32 (27.66) 39 (33.33)
13 (39.39) 12 (36.36)
82 (23.49) 110 (31.52)

152
47
117
33
349

N = number of patients, % = percentage of patients
AMI = acute myocardial infarction, AP = angina pectoris
Other CVD = cardiovascular diseases with the exception of AMI and AP, Non-CV =
non-cardiovascular causes of chest pain

hour from the onset of chest pain before calling for
an ambulance. The average decision time was significantly shorter when a patient with AMI who
sought help after 24 h from the onset of chest
pain was excluded and the average time was then
2.02 h.
Table 5: Gender and age distribution in patients with acute myocardial infarction and angina pectoris
Gender
Male
< 65 years
≥ 65 years
Female
< 65 years
≥ 65 years
Unknown
Total

ACS

AMI

AP

N

%

N

%

N

%

79
41
37
74
27
47
5
157

50.31
26.11
23.57
47.13
17.18
29.94
3.18
100

27
14
12
16
5
11
1
43

62.8
32.56
27.91
37.21
11.63
25.58
2.33
100

52

45.61
23.68
21.93
50.88
19.30
31.58
3.51
100

27
25
58
22
36
4
114

N = number of patients; % = percentage of patients
ACS = acute coronary syndrome, AMI = acute myocardial infarction, AP = angina pectoris
For three patients there were no data on their gender, for two patients there were no data on
their age and for three patients there were no data on either gender or age

Considering ACS, there was no statistical difference between genders and age (p > 0.05), except
for AMI where there was greater number of females over 65 years of age compared to those under 65 (χ2 = 5.83, p < 0.05) (Table 5). Male patients
with AMI were younger, but the difference was
not statistically significant. A higher percentage
of men who complained of chest pain had AMI in
comparison to females (62.8 % vs 37.2 %), however no statistical significance was found.

Discussion
In this study, every tenth patient who called an
EMS complained of chest pain. However, when
those interventions in which chest pain was quoted as reason for calling the EMS were excluded
from this study and patients denying such a complaint later on the scene, then the remaining re-

sult was 8.44 %, which is still higher than in the
prevalence of chest pain in the emergency services of Pretoria, South Africa.1
"Recent studies examining the differences in the
proportion of males and females with AMI who
call for an ambulance have found inconsistent results. While some studies have found that there
is no difference between males and females with
AMI when calling for EMS, other studies targeting patients with AMI have found that women
are more likely to call for emergency medical
services than men”.19 In this study, almost equal
percentages of males and females called the EMS
and when it comes to aggregate AMI and AP diagnoses, with no statistical significance. When
comparing females older and younger than 65
years of age, the incidence of females over 65 was
higher, although the comparison number was relatively small.
The average time between the onset of chest pain
and the decision to call for an ambulance in this
study was 11.97 h, with a median of two hours,
which is longer than the study by Kathleen et al16
where this time was 9.14 h, median 1.90 h. The
largest number of patients with chest pain in this
study (n = 152 or 43.55 %) were in the group in
which the time interval between the onset of
chest pain and placing a call to the EMS was ≤ 1
h. These data differ significantly from the study
conducted in Belgium by Van Severen et al,10
where only 9 % of patients were in the group
where the time between the onset of chest pain
and hospitalisation was < 1 h. According to their
results, the largest number of patients, ie 32 %,
arrived at the hospital after 3-12 h since the onset of the complaint, whereas in this study, 33.5
% or 117 patients, decided in the time interval of
2-24 h from the onset of pain to call the EMS.10
The largest number of patients with chest pain
in the present study was in the group who waited up to one hour to make a call the EMS and the
lowest percentage of patients (9.45 %) decided to
call the EMS in the time interval of 24-48 h after the onset of symptoms. There were 9.45 % of
patients in the group that waited ≥ 24 h. In this
group, there was also one patient who stated that
his pain had been lasting all the time.
Numerous observational studies indicate a significant time delay in deciding to call for an ambulance from the onset of chest pain. Mumford
et al18 received an average waiting time of 172
minutes for their patients with AMI, and 25 % of
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them called for medical help within one hour of
symptom onset, which is significantly lower than
in this study where this percentage was 62.8 %.
Coventry et al11 found that the median prehospital delay time had been 3.9 h, with only 3.9 %
of patients contacting the EMS within one hour.
A significant percentage of their patients (12.2
%) waited longer than 24 h to seek medical help,
while in the study presented here only one patient or 2.3 % was registered in this time period.
In the present study, almost half of the patients
(45 % or 157) were diagnosed with AMI or AP,
while in Van Severe et al study, the percentage
of patients with AMI was 35 %.10 The percentage
of cardiovascular events as cause of chest pain
is approximately the same in both studies, while
the percentage of non-cardiovascular events was
lower in Van Severe et al study than in this study
(31.52 % vs 45 %).10 In patients with AMI, the average waiting time from the onset of chest pain to
making a call to the EMS in this study in this paper was 7.6 h, median 0.5 h, while in the study by
Porras et al14 this time was 3.6 h, median 50 min.
In a study by Coventry et al11 the median prehospital time delay in patients with AMI varied from
1.2 h to 7.2 h.
There was no statistically significant difference in
calling for ambulance between males and females
with ACS, ie AMI and AP together, which is not
in line with the study conducted by Newman et
al.19 In their study, in patients with AMI, females
were significantly more likely to call for an ambulance (females 57 % vs males 28.2 %), while in
the group of patients with AMI presented in this
paper there were more males - males 62.8 % vs
37.2 % of females, but with no statistical significance (small number of patients), although there
was also a difference in methodology.

Conclusion
Most delays in seeking appropriate treatment
occur prior to patients’ contact with medical
services. Although the majority of patients in
this study were in the group who had waited up
to one hour from the onset of chest pain before
calling for an ambulance, the average time was
still unsatisfactory. Strategies for reducing the
patient delays must target exactly this component, ie reducing the time in which patients decide to seek medical attention.
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Abstract
Background/Aim: The period of beginning of studies is a stressful period of life in
which students are expected to develop skills and abilities with which they will be
able to take on the most important roles in all areas of social activity. Physical activity
(PA) triggers and remodels mental health. The aim of the study was to determine the
correlation between PA and stress, anxiety and depression in female students.
Methods: Epidemiological observational study was performed and included a representative sample of 408 healthy female students aged 19 to 22 years. Questionnaires were used and anthropometric measurement of weight and body mass index
(BMI) calculation was performed. Used questionnaires were: a socio-demographic
questionnaire, standardised tests: DASS-21 test (short version) for mental health assessment and International Physical Activity Questionnaire - IPAQ test (long version).
Results: Mean age of female students was 20.5 ± 0.72 years, average height 168.65 ±
6.01 cm, body weight 63.09 ± 9.9 kg, and BMI 22.1 ± 3.2. A significant negative correlation was found between high PA and anxiety (r = -0.160, p = 0.001), PA and depression
(r = -0.118, p = 0.01), while the category of stress had a low correlation with PA.
Conclusion: This research shows that a high level of PA has no effect on stress but has
an effect on reducing anxiety and depression. Carefully planned physical activities can
affect the emotional status of young female students.
Key words: Physical health; Mental health; Female students; Anxiety; Depression.
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Introduction
The beneficial effect that physical activity (PA)
has on health and mortality reduction has been
known for decades.1-5 PA, acts on the component
of physical condition and health primarily, but it
is also the driver and modulator of mental state.6,
7
The need for PA is also the need to achieve a stable mood, emotional management, positive coping
with stress, gaining control over overall behaviour,
and even life. Greater self-esteem and self-confidence, better cognitive functioning, better mood,
maintenance of normal sleep rhythm and stable
mental health are just some of the effects of PA on
human mental health.7

Students belong to a specific adolescent and youth
population subgroup. During education, students
prepared themselves to become an integrative and
creative part of the society.8 Mental health issues
are increasingly a problem that health workers on
university campuses are actively addressing. The
most common mental health complaints among
students are anxiety and depression.9-11 Sometimes while under stress, young people overdo PA,
exhausting themselves while trying to find a way
out of a stressful situation.12 With such decisions
and actions, they can sink deeper into stress. Positive effects of PA to maintain and improve health
and beneficial effects on reducing stress can be ex-
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pected only from moderate, regular PA. Otherwise,
PA itself is becoming a major physical stress.13 Although many of the effects of PA on mental health
have been scientifically proven today, some segments of this relationship are still a subject of research and efforts are being made to improve the
synergy of physical and mental health.14
The aim of this research was to determine the
correlation between PA and stress, anxiety and
depression among female students aged 19 to 22
years.

Methods
This observational study included a representative sample of 408 healthy full-time first- and second-year female students from various faculties of
the University of Banja Luka, aged 19 to 22. Non-inclusion criteria were: students with musculoskeletal diseases (hereditary and acquired), traumas
and deformities; acute and chronic diseases with
a special diet and students who have been diagnosed or treated for a mental illness or disorder.
The research was approved by the Ethics Committee of the Faculty of Medicine, University of Banja
Luka (Approval Certificate No 18/4.56/18, dated
2 November 2018). To all students involved in the
research, a detailed oral and written explanation
of the research plan and programme was given
and their written consent was obtained. In this research, the applicable regulations and adhered to
the ethical principles of the Declaration of Helsinki were followed.
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which three subscales with 7 statements each are
separated. Respondents were asked to express a
degree of agreement with the statement in accordance with a 4-point scale (0 = not at all, 1 = little
or sometimes, 2 = fairly or often; 3 = mostly or almost always), expressing how often for the past
week they have been experiencing the condition
described in the statement.
The scores on each subscale range from 0 to 21.
The result of the sum for each subscale is multiplied by 2 and the total score is ranked: A) Stress:
normal, mild, moderate, serious and extreme
stress; B) Anxiety: normal, mild, moderate, serious and extreme anxiety; C) Depression: normal,
mild, moderate, serious and extreme depression.
Scoring and categorisation, as well as the use of
the official version of the Serbian translation of
the DASS-21 scale is available at http://www2.
psy.unsw.edu.au/groups/dass.17

For the research, a short socio-demographic
questionnaire was used, containing personal
data on students’ age, year of study, subjective
assessment of current health as well as standardised tests: The Depression, Anxiety and
Stress Scale - DASS-21 (short version) for mental health assessment and International Physical
Activity Questionnaire - IPAQ test (long version).
Anthropometric measurement of weight and BMI
was performed with a measuring tape Seca-206
for children and adults and with the Omron Body
Composition Monitor (BF511, Omron Healthcare,
Hoofddorp, The Netherlands).

The IPAQ questionnaire (long version) assesses
PA in different life domains (areas): PA in leisure
time; PA household and gardening; PA at work; PA
during transport.18 The IPAQ questionnaire contains questions about specific types of activities
that are specifically researched in each of the domains: walking, moderate activities, intense activities, and high-intensity activities. The total score
adds up time (in minutes) and frequency (in days)
for all types of activities in the listed domains. The
PA value was calculated and expressed in MET minutes per week (MET.min.wk-1). MET stands
for “metabolic equivalent of a task” and expresses
the ratio of caloric expenditure to activity related
to resting consumption. One MET is 3.5 mL 02/
kg/min and represents the basal level of oxygen
consumption, which corresponds to the level of
resting metabolism and associated calory consumption. The value of severe PA was obtained by
multiplying the time spent in severe PA in the last
7 days by a correction factor of 8 MET, moderate
PA for one week was multiplied by a correction
factor of 4 MET, and mild PA by 3.3 MET, which
is calculated for each respondent individually. The
total value of PA (total MET) is the sum of the values of heavy, moderate, and light PA that make up
the independent sample. The official translation
into Serbian and instructions for using the IPAQ
test are available at http://www.ipaq.ki.se.19

DASS-2115,16 is one of the most well-known scales
for assessing the degree of anxiety, depression
and stress, consisting of 21 statements from

The OMRON BF 511 instrument is a high-precision digital medical scale, which provides a wide
range of measurements: after entering data on
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height (measured with altimeter for children and
adults Seca-206), age and sex, the subject stands
barefoot on a scale that measures body weight and
automatically calculates BMI. BMI was calculated
by dividing the mass (kg) by the square of height
(m) and divided into 6 categories: Malnutrition (below 18.5 kg/m2); Ideal mass (18.5 to 24.9 kg/m2);
Overweight (25 to 29.9 kg/m2); Mild obesity (30
to 34.9 kg/m2); Severe obesity (35 to 39.9 kg/m2);
Extreme obesity (over 40 kg/m2);
By statistical data processing a descriptive analysis was performed and the results were presented
as mean, standard deviation and measure of central value with minimum and maximum deviation.
A Chi-square test was used to assess the association between categorical variables. To compare
the pairs of all subscores, the Wilcoxon test and
the Spearman correlation coefficient were used to
define the correlation. Statistical significance was
adopted at the probability level of p < 0.05. The
data has been processed by - Statistical Package
for Social Sciences (SPSS) 21.0 for Windows software.

Results
The total number of 408 female students who
participated in this study were aged mean ± SD =
20.5 ± 0.72 years with an average height of 168.65
± 6.01 cm and 63.09 ± 9.9 kg body weight, which
corresponds to the ideal value of BMI (22 ± 3.2
kg/m2). A total of 76.2 % of students had these
BMI values categorised as ideal, 12 % were overweight, 1.96 % had type I mild obesity and only
0.72 % belonged to the type II obesity group. At
the same time, 8.1 % of students belonged to the
malnourished group and none of them had a severe form of obesity. A descriptive presentation of
anthropometric data is given in Table 1.
All study participants provided answers to the
DASS-21 scale for self-assessment of depression,
anxiety and stress and a long version of the IPAQ
test to assess PA. The results of the descriptive statistics are given in Table 2.
The reliability of the Cronbach’s alpha showed
high values for stress 0.89, anxiety 0.80, and depression 0.84. Checking the normality of the data
distribution of these 3 scores using the Kolmog-

Table 1: Descriptive analysis of the sample according to anthropological characteristics
N Percent Mean
Age
High
Weight
BMI (total)
BMI – underwt
BMI - normal
BMI – owerwt.
BMI - obesity I
BMI - obesity II

408
408
408
408
33
311
53
8
3

100
100
100
100
8
76
12
1.96
0.72

SD Minim Maxim Median

20.50 0.72
19
168.65 6.02 136.0
63.09 10.00 42.6
22.10 3.21 16.0
17.70 0.56 16.0
21.40 1.66 18.5
26.79 1.43 25.0
31.36 1.63 30.1
35.67 0.58 35.0

22
185.0
106.1
36.0
18.4
24.7
29.8
34.3
36.0

20.00
169.00
61.45
21.60
17.90
21.30
26.60
30.55
36.00

BMI: Underweight = <18.5; Normal weight = 18.5–24.9; Overweight = 25 – 29.9; Obesity
class I = 30-34.9, Obesity Class II = 35-39.9

orov-Smirnov test indicated that the normality of
distribution did not exist and therefore a nonparametric Friedman test (χ2 = 424.63 for df = 2 and
p < 0.001) was performed. A strong statistically
significant difference among the 3 subscores was
found. By comparing pairs between all subscores
(Wilcoxon test), a significant statistical difference
of medians was registered between all 3 scores
(anxiety /stress z = 15.51, p < 0.001; depressive /
stress z = 16.26, p < 0.01 and depressive / anxiety
z = 3.19, p < 0.001). Based on the final score of the
self-assessment of depression, anxiety, and stress,
the total sample was stratified into 5 different category variables shown in Table 4. In the tripartite
DASS-21 test, the state of severe and extreme depression was verified in 18.62 % of participants,
serious and extreme anxiety was verified in 23.5
% and serious and extreme stress in 10.5 %.
Descriptive analysis of IPAQ variables PA by domains - PA at work (Median 0), PA in transport
(Median 1386), PA at home (Median 1158) , and
PA in sport (Median 1485) is shown in Table 2.
The results of the Kolmogorov-Smirnov test (p <
0.001) show that the distributions of results in
all domains of PA deviate from a normal distribution and statistical processing was performed
based on median value. PA at work had the lowest values because only 9.1 % of female students
studied and worked in parallel. The median total
PA during transport was 23.1 MET-hour/week
with dominant walking activity. The median total PA during household maintenance was 19.3
MET-hours/week with a predominance of moderate activities at home and the median total PA
during recreation and sports activities was 24.75
MET-hours/week, with predominant walking
as recreation recorded. Descriptive analysis of
summarised continuous variables by individual
activities - PA walking, medium intensity PA and
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Table 2: Descriptive values of DASS-21 and IPAQ tests used
MEAN
DASS stress
DASS anxiety
DASS depression
TotalMETminweek
Work
TotalMETminweek
Transp
TotalMETminweek
Home
TotalMETminweek
Sport
TotalWalking
METminweek
TotalModerate
METminweek
TotalVigorous
MET minweek
TotalMET PA

SD

MIN

MAX

25TH

17.22
9.95
8.89

8.83
8.35
8.96

0
0
0

42
38
42

10
4
2

16
18
6

22
14
12

857.89

2468.45

0.00

18090

0.00

0.00

0.00

1668.46

1312.07

0.00

5598

660

1386

2772

1809.20

2041.64

0.00

15678

562

1158

2376

2269.82

2373.28

0.00

15678

594

1485

3096

3237.15

2333.14

0.00

12474

1386

2772

4356

2325.68

2180.99

0.00

13440

720

1680

3360

1024.90
6587.74

2120.33
4792.34

0.00
0.00

17280
25440

0.00
3101.6

0.00
5616

1170
8586

high-intensity PA is shown in Table 2. The median
PA values during

walking were 46.2 MET-hours/
week (25th percentile = 23.1 MET-hours/week,
and the 75th percentile = 72.6 MET-hours/week).
The median moderate PA is 28 MET-hours/week
(25th percentile = 12 MET-hour/week, 75th percentile = 56 MET-hour/ week). Finally, the median
heavy PA has the same values a s the lower quartile
and is 0.0, and the mean value of the upper quartile is 19.5 MET-hours / week. Based on the calTable 3: DASS 21 category variables and correlation with total
IPAQ test values
DASS 21
test

PERCENTILES
MEDIAN 75TH

N

TOT MET physical
activity min/week
Percent MEAN
SD

Stress

Normal
Mild
Moderate
Severe
Extremely

178
78
76
51
25
408

43.6
19.1
18.6
12.5
6.1
100

7223.38
6434.58
5820.20
5768.12
6833.37

5013.84
4970.97
4694.27
4622.74
4611.59

Anxiety

Normal
Mild
Moderate
Severe
Extremely

179
50
83
36
60
408

43.9
12.3
20.3
8.8
14.7
100

7269.27
6845.97
5730.90
6607.76
5632.53

4978.27
4324.24
4547.56
6002.40
4605.64

Depression

Normal
Mild
Moderate
Severe
Extremely

266
46
53
18
25
408

65.2
11.3
13.0
4.4
6.1
100

6898.89
5717.34
6994.41
4020.58
6152.70
6587.70

4921.39
4375.83
5602.76
3820.53
4005.02
5616.50

BMI:
Underweight = <18.5;
Normal weight = 18.5–24.9
Overweight = 25 – 29.9;
Obesity class I = 30-34.9, Obesity Class II = 35-39.9

culated PA level, the sample of 408 respondents
were divided into 2 % of women with weak, 21.8
% with moderate, and 76.2 % of women with intensive activity. By final analysis, IPAQ test values
(total MET mean week) for all subgroups of the
triple-dependent subgroup of the DASS-21 test
were calculated. Table 3 shows the percentage of
distribution within the subsystems and their PA
expressed in total MET (TOT MET) min/week.
The lowest value of TOT MET min/week within
the subscale of all three categories DASS 21 has
subgroups with severe stress 12.5 % of the total
sample with TOT MET min/week = 5758, extreme
anxiety - 14.7 % of the total sample with TOT MET
min/week 5632.23) I, severe depression (4.4 % of
the total sample, TOT MET min/week = 4020.58)
Chi-square test to assess the relationship of category variables determined the statistical significance of PA with the categories of anxiety (χ2
= 11.05; p=0.03) and depression (χ2 = 10.05; p =
0.04), which is shown in Table 4.
Subgroups within the categories of Stress, Anxiety and Depression with TOT MET PA were compared by means of the Mann-Whitney test. Comparing the categories of Stress in relation to the
TOT MET PA did not reach significance because
all the girls were approximately equally active.
When comparing the category Anxiety in relation to the TOT MET PA, a difference was found
between group 1 (without anxiety) and Group 3
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(moderate anxiety) of the group with statistical
significance of p = 0.011; Group 1 (no anxiety)
and group 5 (extreme anxiety) for p = 0.016 and
group 2 (mild anxiety) according to group 5 (extreme anxiety) for p = 0.049. Comparison of the
category Depression in relation to total MET PA
indicated significance in the comparison of group
1 (without depression) and group 4 (severe depression) for p = 0.004, and finally group 3 (moderate depression) against group 4 (severe depression) for p = 0.028. Spearman‘s correlation test
between DASS-21 subscores Stress, Anxiety, and
Depression in relation to TOT MET PA is shown
in Table 4.
Table 4: Comparison and correlation of total physical activity with
the categories of stress, anxiety and depression

DSS 21

TOT MET physical activity min/week
ASYMP.
COEF.
CHI SQUARE DF
SIG
CORELATION P

DASS - stress
DASS - anxiety
DASS - depression

7.404
11.053
10.278

4
4
4

0.116
0.026
0.036

-0.123
-0.160
-0.118

0.13
0.001
0.017

The correlation of the tests used indicates that
the increase in PA decreases the degree of stress,
anxiety, and depression, recording a low degree
of correlation with a high statistical significance
greater than 0.001 for the category of anxiety and
significant statistical significance for p = 0.01 for
the category of depression.

Discussion
Changing the environment as an epigenetic factor
has an impact on the occurrence of psycho-physical diseases. Also, it affects the treatment and prevention of diseases in an individual. Thus explains
that life path affects the state of health.20 The transition from high school to university education is
a period of taking responsibility for oneself, one’s
health, and social relations.21, 22 With this research,
the intention was to determine the relationship
between the degree of PA and stress, anxiety, and
depression among female students aged 19 to 22
years. It was started with the assumption that
it is a population in which no health problem is
expected, from a social milieu in which moderate
to intense PA through more frequent hiking is expected due to lower economic power. It was also
assumed that the tests used were subjective tests
of self-assessment of mental health and PA, so anthropometric measurements as a reference point

for actual PA were set. A sample of 408 young
women aged 20.5 ± 0.7 years with an ideal BMI
of 22.1 ± 3.2 supported level of high PA that was
found.
According to the results, these are people with
an ideal BMI, which is a common result in the research of authors from the region.23-26 These results were different from the WHO metadata for
Bosnia and Herzegovina27 where Mean BMI values
of 25.1 (from 23.8 to 26.4) were recorded, which
can be partly explained by the fact that the research published on the WHO page represents a
heterogeneous group of females with an average
age of 39.4 in relation to the target group of girls
aged 19 to 22 who made up this sample.
In 1995, the DASS authors Lovibond and Lovibond developed a short version of the instrument
consisting of 21 items (DASS-21), which is recommended for use in large studies. Almost all
research showed that DASS scales have adequate
reliability, with internal consistency that usually
ranges from .80 to .95, which is confirmed in research by Jovanović and associates28 as well as by
other researchers.29, 30, 31 In this study, within the
emotional states of depression, it was found that
very often and almost always, girls could not experience any positive feeling at all (3.2 %), previous over-reactions had 21 % of female students,
visible disorder 16.7 %, difficulty to relax 33.6 %
and 15 % of participants were is intolerant of the
environment. Within the emotional states, anxiety is very often and almost always reported as
dryness of mouth (5.1 %), difficulty to breathe
(10.8 %), the appearance of vaults from anxiety
(7.4 %), uncontrolled panic in 18.2 %, tachycardia
due to emotion is emphasised by 17.9 % and unreasonable fear is present in 15 % of girls. Within
the emotional states of stress, very often and almost always the lack of positive feelings has 14 %
of girls, difficulty to start activity 22.6 %, without
joy 15.4 %, difficulty to focus 17.6 %, the meaninglessness of life is registered in 10.8 % and as many
as 36.8 % of participants had a constant feeling
of worthlessness. Based on the obtained results, it
was determined that the subjects with mild stress
(mean = 17.22) and anxiety (mean = 9.95) were
without depression (mean = 8.89), which differs
from the research of Jovanović and associates on
a sample of 1,374 students averaged 19.5 years
when mean = 3.14 for depression, mean = 3.37 for
anxiety and mean = 6.70 for stress.28
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Research has shown that by the age of 24, mental
disorders occur in three quarters of cases.29 According to the test results, the group of moderate
stress consists of 78 girls (19.1 %) while the importance of extreme stress is recorded by 18.6 %
of girls; 12.3 % of girls belong to groups of mild
anxiety, while significant and extreme feelings of
anxiety were recorded in 23.55 % of the girls. In
the end, mild depression was found in 11.3 % and
significant and extreme depression in 10.5 % of
girls. Compared to other researchers from different backgrounds and cultural characteristics, for
instance, in Egypt, the research was conducted on
a sample of 442 people age 20.15 ± 1.9 years, it
was found that BMI is above 25 kg/m2. Significant
and extreme stress had 36.3 %, anxiety of significant and extreme rank 35.6 %, and depression of
this rank 24.4 % of participants.30 In the Iranian
study by Jafari and all 31 of 239 female students 7.9
% had severe and extreme-grade depression, 9.2
% anxiety and 6.3 % stress. According to the WHO,
there are many different mental disorders of different presentations with combinations of abnormal thoughts, perceptions, emotions, behaviours
and relationships with others. The most common
is depression. At the age of 19 to 22 years, which
were followed by this study, based on self-assessment, expressed to extreme anxiety was found in
78 (19 %), which is four times more than the official WHO data and expressed extreme depression
in 46 (11.3 %) girls, which is two times more represented than the official data for the European
region,32 which may be a consequence of specific
impact of the war of a country with low socio-economic status and increased migration on the territory.
PA develops functional, morphological, motor,
conative and cognitive characteristics of an organism that acts systematically in the biological,
health, educational, economic, recreational, and
creative fields of human activities. Exercise raises
the quality of life, reduces emotional distress, and
enables better coping with life stressors.33 According to the recommendation of the World Health
Organization, daily PA lasting at least half an hour
or at least three times a week for one hour is required to improve physical or mental health.34 The
PA test showed that the average values of the IPAQ
test classified a small number of female students
in the group of physically inactive girls (2 %), 21.8
% were moderately active, while 76.2 % of female
students declared themselves to be very active.
Great activity can be justified to some extent by
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the low economic status, which forces more walking of students in everyday life. PA at work has
the lowest values because according to the survey
data, out of the total sample, only 9.1 % of female
students study and work in parallel. Walking is
the most common way of migration on a daily basis and is practiced by 48.5 % of girls every working day with a maximum duration of 60 minutes
in 25 %, 120 minutes in 22.1 %, while 16.9 % of
the participants walk longer than three hours a
day. Only 7.1 % of participants perform strenuous
physical activities during household maintenance
1 to 2 days a week for 60 minutes. Moderate activity inside the house is practiced by 41.2 % of
respondents 2 days a week whereas 25.5 % spend
60 minutes a day on housework and 24.8 % 120
minutes a day. Walking as a daily recreation was
recorded by 36.25 % of the participants.
Only 4.9 % of active athletes are engaged in training for 5 or more days during the week. In the
student population, high-intensity PA has been
associated with positive health effects, particularly at lower resting heart rates, higher HDL levels
and slower blood glucose elevations.35 Students
with retained existing levels of PA at the transition from adolescence to younger adulthood have
a statistically significantly lower risk of developing cardiovascular disease and better psychological health compared to students who reduced
the level of PA at that transition.36 According to
the students in our research, people who exclude
the presence of stress, depression and anxiety
completely, are also the most physically active
people. A decrease in PA is recorded with an increase in stress to a subsample categorised as
extreme stress where there is a sudden jump in
PA. The spiral of stress reactions is already manifested through self-assessment by changes at the
psychological and fitness level. Sometimes people,
while under stress, overdo PA, become exhausted
trying to find a way out of a stressful situation as
a form of therapy.37 However, one employing this
way of “fight or flight” reaction sinks deeper into
stress. Anti-stress mechanism through increased
PA can affect the overall results and success of students, which can be used in some future research.
Comparative descriptive analysis shows that PA
values decrease with increasing degree of anxiety
to the subcategory of significant anxiety, while PA
in the category of depression continuously falls
to the subsample of extreme depression (where a
jump in PA is recorded).
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In the fight against anxiety, depression and stress,
exercise helps as a way to expel negative energy
from the body. By test comparison, it was found
that in present sample percentage of participants
whose PA is relatively high, and at the same time
a high percentage of those who have high levels of
stress, depression and anxiety.
This can be explained by the low degree of economic power and the location of the University

faculty in different and distant parts of the city.
Such statements are confirmed by the high values
of activities related to walking, ie walking is the
most common type of recreation. High PA scores
should imply less representation of significant
and extreme categories of stress, depression and
anxiety, but only the anxiety category compared
to PA has statistical significance with negative correlation.

Conclusion
The level of PA and behavioural changes are
important indicators of the health of young female students. At the University of Banja Luka,
a high level of PA was recorded. The most common form of activity is walking, while sports
and recreation are not popular in this population. Unlike stress and depression, anxiety, as
the most common form of behaviour change, is
associated with level of PA. It is necessary to:
systematically and carefully objectively monitor the health condition during studies, provide
mental support to students, provide primary
health prevention and promotion of sports activities through educational institutions and all
forms of mass communication.
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Acute Coronary Syndrome (STEMI, NSTEMI
and Unstable Angina Pectoris) and Risk
Factors, Similarities and Differences
Dalibor Mihajlović,1, 2 Žana M Maksimović,2, 3 Boris Dojčinović,1, 2 Nada Banjac¹
(1) Emergency

Abstract
Introduction: Acute coronary syndrome (ACS) is one of the most common and most
dramatic manifestations of ischaemic heart disease and distinguishing of ACS from
non-cardiac chest pain represents a diagnostic challenge. Objective: Determine the
frequency of ACS types: NSTEMI, STEMI and unstable angina pectoris (UAP) and
examine the frequency and significance of risk factors and cardiospecific enzymes
in patients with ACS.
Methods: The analysis included patients who were referred from the prehospital
level of the Banja Luka Primary Healthcare Centre (Emergency Department and
Family Medicine Department) and treated under the ACS diagnosis in the coronary
unit of the Cardiovascular Diseases Clinic of the Banja Luka University Clinical
Centre of the Republic of Srpska (UCCRS) in the first 6 months of 2011. The study
included patients older than 18, with recorded information on their gender, age,
smoking status, hypertension, diabetes, obesity and family burden. Values of cholesterol, triglycerides, serum potassium, creatine kinase (CK), CK-MB, cardiac troponin T (cTnT) were measured.
Results: The total of 192 patients were referred under the referral diagnosis of ACS
and treated in the coronary unit of the CVD Clinic of the Banja Luka UCCRS. At the
same time, ACS was confirmed in 178 cases. STEMI was confirmed in 86 patients
(48.31 %), NSTEMI in 55 (30.90 %) and UAP in 37 (20.79 %). ACS was statistically
significantly more common in men (112 men and 66 women), in particular younger
men (average age for men was 62.7 and 69.2 for men and women, respectively) (U =
2.472 · 103, p < 0.001). Among the risk factors, it was found that smoking was more
often associated with STEMI (p = 0.014) and hypertension with UAP (p = 0.041).
Among all parameters, all three examined cardiac biomarkers showed statistical
significance (p < 0.001), namely: values at STEMI > NSTEMI > UAP.
Conclusion: Half of patients with ACS did not have STEMI (which is presumably
easy to diagnose). Third of patients with ACS reported atypical symptoms, which
further complicates the early recognition of MI without ST elevation. Precaution is
needed in women and in elderly. Determination of cTnT should be available in every
examination room.
Key words: Acute coronary syndrome; NSTEMI; Risk factors; CK-MB; cTnT.
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Introduction
Cardiovascular disease (CVD) is the leading
cause of death globally.1 About 17.9 million people died from CVD in 2016, representing 31 % of

all deaths.2 Slightly less than half of CVD deaths
were caused by ischaemic heart disease, of which
1.8 million people die in Europe every year.3, 4

Copyright © 2020 Mihajlović et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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About 1,500 patients with acute myocardial infarction are registered in the Republic of Srpska
annually.5

STEMI. These patients require urgent reperfusion therapy with fibrinolytic medications or
primary PCI.14

Most CVDs are preventable by reducing risk factors. The main and independent risk factors for
CVD include smoking cigarettes to any extent,
high blood pressure, elevated total cholesterol
and LDL-cholesterol, low HDL-cholesterol, diabetes and older age. The main risk factors have an
additive effect on the occurrence of CVD.5

- Patients with acute chest pain but without
persistent elevation of the ST segment or left
branch block on ECG record. They have permanent or transient ST-segment depression or
inversion, flattening or pseudo-normalization
of the T-wave, or no changes in the ECG. The
initial strategy in these patients is to alleviate
the symptoms of ischemia, to monitor patients
with serial ECG and to monitor markers of
myocardial necrosis. Depending on the value of
troponin, it will qualify as NSTEMI or UAP.15, 16
In a certain number of these patients, coronary
artery disease will be ruled out as the cause of
these symptoms.

Symptom of ischaemic myocardium is pain (angere means strangle in Latin and thus the term angina).6 Pain is usually described as a heavy chest
pressure, tightness or squeezing, it often radiates
to the left shoulder, neck, or arm. Pain is intense
and prolonged for more than 30 minutes. Patients
with chest pain represent a very significant part
of all acute medical hospitalisations in Europe.
ACS is a consequence of subacute or acute reduction of myocardial oxygen supply due to a disruption of atherosclerotic plaque of the coronary artery with consequent thrombosis, inflammation,
vasoconstriction and microembolisation.7, 8
ACS is one of the most common and most dramatic manifestations of ischaemic heart disease. It is
defined as a set of clinical syndromes caused by
circulatory disorders in coronary arteries with
consequent ischaemia.9, 10 The term ACS includes
three different entities of acute manifestation of
coronary heart disease: unstable angina pectoris
(UAP), non-ST elevation myocardial infarction
(NSTEMI) and ST elevation myocardial infarction
(STEMI). The term myocardial infarction (MI)
can be used in cases where there is evident myocardial necrosis within the clinical features indicating myocardial ischaemia.11, 12 The term ACS is
used because the initial demonstration and early
treatment of UAP, STEMI and NSTEMI are often
similar. Distinguishing ACS from non-cardiac
chest pain is primarily a diagnostic challenge.13
Despite modern treatment, the MI mortality rate
and readmission of patients remains high.14
Based on electrocardiographic (ECG) changes,
patients can be divided into 2 groups:
- Patients with typical acute chest pain and persistent (> 20 min) ST segment elevation or
newly formed left branch block in ECG. These
patients have acute complete occlusion of the
coronary artery. In this case, it is ACS with

All patients coming to the emergency departments
with chest discomfort and other symptoms indicative of ACS should be considered a high priority
for case triage.17 Initial evaluation includes assessment of the following parameters: patient history
including risk factor assessment, physical examination, 12-channel ECG, measurement of specific
cardiac biomarkers, primarily cardio-specific troponins T (cTnT) and I (cTnI).14, 16, 18
Chest pain is the most characteristic symptom
in patients with ACS. Women, the elderly, people with diabetes and hypertension are likely to
report to the emergency room later and for this
reason their symptoms tend to be more frequent
and non-specific.16
ECG is one of the most important diagnostic
procedures in ACS evaluation.19, 20 Cardiac biomarkers have revolutionised the diagnosis, risk
assessment and treatment of patients with ACS.
Besides, the European Society of cardiology
(ESC), American College of cardiology/American heart Association (ACC/AHA) working group
and the World Cardiology Federation formulated
in 2007 a redefinition of myocardial infarction
in which biomarkers play a central role. 21, 22 Although conventional markers of necrosis have
high diagnostic value, their sensitivity is weak
in the first few hours after the onset of pain.23
Today, cTnI and cTnT are considered as markers
of the highest diagnostic specificity for the final
diagnosis of AIM. An increase in serum concentration is observed 3-8 hours after the onset of
pain, a maximum is reached after 12-24 h and the
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increased concentration is maintained for about
7-14 days. Considering that the concentration of
cTnI in the serum of healthy individuals is very
low, the diagnostic sensitivity of this marker is
very high and it can detect even a very small myocardial damage.14, 16, 24 If determination of myoglobin and cardiac troponin levels is not possible, it
is considered that the best substituting laboratory marker is measurement of CK-MB.16 CK-MB is
an isoenzyme of creatine kinase (CK) and is much
more specific for the heart than CK. Its concentration in the serum rises after 4-6 h, peaks after
12-24 h and normalises after 2-3 days.

Objective

Determine the frequency of NSTEMI in the population, relative to STEMI and UAP. To examine the
frequency and significance of risk factors and cardio-specific enzymes in patients with ACS.

Methods
It was a retrospective cross-sectional study. It
included patients who were referred from the
prehospital level of the Banja Luka Primary
Healthcare Centre (including patients from family clinics and patients from the Emergency Room)
and treated under the diagnosis of ACS in the coronary unit of the CVD Clinic of the Banja Luka
University Clinical Centre in the first six months
of 2011.
Patients with the established diagnosis of ACS
were divided into 2 groups (according to the ECG
record and the present symptoms):
- STEMI ACS - Patients with typical acute chest
pain (> 20 min) and persistent ST-segment elevation or newly formed left branch block in electrocardiogram. The elevated markers of myocardial
necrosis have been additionally found in these
patients.
- NSTEMI ACS (NSTEMI or UAP) - Patients with
acute chest pain but without persistent elevation of ST segment or left branch block in
electrocardiogram. They have persistent or
transient ST-segment depression or inversion, flattening or pseudonormalisation of the
T-wave, or no changes in the ECG. Depending
on additional troponin values (whether they
have elevated or normal values), they were
qualified as NSTEMI or UAP.

The study included people of both sexes aged over
18. Data were taken from the medical records of
patients treated in the Coronary Unit of the Clinic for CVD of UCCRS during the first 6 months of
2011. In addition to gender and age, the recorded
data included smoking status, presence of hypertension, diabetes, obesity, family burden. Obesity as a risk factor existed if the Body Mass Index
(BMI) was ≥ 30.0 kg/m2.25 The presence of hypertension or diabetes has been validated based on
the use of therapy for these diseases (oral or parenteral therapy).
Laboratory parameters performed during hospitalisation were used (values of blood lipids, ie
values of total cholesterol (Chol) and values of
triglycerides (Tgl), potassium (K+), and values of
cardio-specific enzymes: CK, CK-MB, cTnT. CTnT
were determined on the Roche Elecsys E 411 and
other parameters on the Olympus AU 680. The
methods used included kinetic UV test for: CK,
CK-MB, enzyme staining test for: Chol and Tgl,
ion selective electrical determination for: K, and
immune-chemiluminescence method for cTnT.
Lipid status (cholesterol and lipids) was assessed
during the hospitalisation of patients, since in
most cases, there were no data on previous values of the parameters mentioned.
ECGs were recorded on first encounter with doctor and ECG monitoring was performed during
hospitalisation, but ECGs that were recorded at
admission and at the discharge of every patient
were preserved and described. At admission, the
ECG was performed at the internist's outpatient
clinic, and at the discharge it was performed at the
coronary unit of the CVD Clinic of the Banja Luka
UCCRS. In both cases, those were twelve-channel
devices with a paper speed of 25 mm/s, and a correct calibration of 1 mV.
To examine the significance of the difference between the ACS type and risk factors, the category
data were compared using the Chi-square test,
and in the case of numerical data, the One-Way
ANOVA, ie the on parametric Kruskal-Wallis H
test. To examine the association of ACS and CK
type, a generalised linear model was used, since
the normal reference values of this enzyme were
different in men and women, in order to make
adjustments for the gender of the patient. The
statistical conclusion was made on the basis of
two-way (2-tailed) p values, as well as the level of
significance p < 0.05. Statistical data processing
was performed by using IBM SPSS 16.0 software.
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Results
In the period from January to June 2011, under the
referral diagnosis of ACS, a total of 192 patients
were referred to the coronary unit of the CVD
Clinic of the Banja Luka UCCRS. At the same time,
the ACS diagnosis was not confirmed in 14 cases.
The frequency of individual types of ACS and their
distribution by gender is shown in Table 1.
Table 1: Frequency of individual types of ACS and their distribution by gender
ACS
STEMI
NSTEMI
UAP
Total

Gender

N (%)

Female (%)

Male (%)

86 (48.31)
55 (30.90)
37 (20.79)
178 (100.00)

56 (31.46)
34 (12.36)
22 (12.36)
112 (62.92)

30 (16.85)
21 (11.80)
15 (8.43)
66 (37.08)

ACS: acute coronary syndrome, STEMI: ST segment elevation myocardial infarction;
NSTEMI: non-ST segment elevation myocardial infarction; UAP: unstable angina pectoris;

There was no statistically significant difference
in frequencies between NSTEMI and UAP (p =
0.061), while the differences between STEMI/
NSTEMI and STEMI/UAP were statistically significant with the level of significance p<0.01.
No statistically significant difference was found
between individual types of ACS and patient's
gender (Chi square: 0.396, p = 0.820). Men were
statistically more likely to suffer from all types of
ACS, but there is no difference between the types
of ACS.
The average age of men was 62.72 and women
69.29. A nonparametric Mann-Whitney U test
was used to analyse the significance of the mean
age differences in ACS patients depending on patient's gender, as there was a statistically significant deviation of the age distribution from the

normal pattern. ACS in women was found to occur in older age groups (U = 2.472 · 103, p < 0.001).
The relationship between risk factors in individual ACS is shown in Table 2.
Smoking as a risk factor was not evaluated in
11 patients (due to absence of data in the medical records). A statistically significant difference
was found between certain types of ACS and cigarette consumption (χ2 = 7.279, p = 0.026). By using Bonferroni adjustment and significance level
α = 0.017, it was found that cigarette consumption was more associated with STEMI than with
UAP myocardial damage (smoking STEMI 58.2 %:
smoking UAP 32.4 %) (p = 0.014).
No statistically significant difference was found
between individual types of ACS and diabetes
(χ2 = 1.622, p = 0.444).
No statistically significant difference was found
between individual types of ACS and obesity in
patients (χ2 = 1.018, p = 0.601).
A statistically significant difference was found
between certain types of ACS and hypertension
(χ2 = 6.372, p = 0.041). By using Bonferroni adjustment and significance level α = 0.017, hypertension was found to be more associated with UAP
than with STEMI ACS (hypertension UAP 81.1 %
vs hypertension STEMI 58.1 %) (p = 0.014).
No statistically significant difference was found
between certain types of ACS and positive family
history in view of cardiovascular diseases (χ2 =
1.630, p = 0.443).

Table 2: Risk factors and ACS
Risk factor

STEMI

NSTEMI

UAP

Total

χ2 test

p value

Tobacco use

Yes
No

46 (57.50)
33 (37.93)

23 (28.75)
31 (35.63)

11 (13.75)
23 (26.44)

80 (47.90)
87 (52.10)

7.279

0.026

Diabetes

Yes
No

20 (40.82)
66 (51.16)

18 (36.73)
37 (28.68)

11 (22.45)
26 (20.16)

49 (27.53)
129 (72.47)

1.622

0.444

Obesity

Yes
No

21 (53.85)
65 (46.76)

12 (30.77)
43 (30.94)

6 (15.38)
31 (20.79)

39 (21.91)
139 (78.09)

1.018

0.601

Hypertension

Yes
No

50 (42.37)
36 (60.00)

38 (32.20)
17 (28.33)

30 (25.42)
7 (11.67)

118 (66.29)
60 (33.71)

6.372

0.041

Heredity

Yes
No

20 (40.82)
66 (51.16)

18 (36.73)
37 (28.68)

11 (22.45)
26 (20.16)

49 (27.53)
129 (72.47)

1.622

0.444

ACS: acute coronary syndrome, STEMI: ST segment
elevation myocardial infarction; NSTEMI: non-ST segment elevation myocardial infarction; UAP: unstable
angina pectoris;
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Values of lipid status and K+ in serum depending
on the type of ACS are shown in Table 3.
No statistically significant differences in cholesterol values were found depending on the type of
ACS (One-Way ANOVA: F = 0.332, p = 0.718).
No statistically significant differences were determined in triglyceride values depending on the
type of ACS (Kruskal-Wallis H test: χ2 = 0.658, p
= 0.720).
No statistically significant differences in K+ concentration values were found depending on the
ACS type (χ2 = 2,858, p = 0.240).
Table 3: Lipid status and K+ in serum depending on the type of
ACS
ACS
STEMI
NSTEMI
UAP
Total

Chol

Mean ± SD (mmol/L)
Tgl

5.87 ± 1.16
5.66 ± 1.46
5.67 ± 1.31
5.77 ± 1.50

2.25 ± 2.06
1.95 ± 1.29
2.21 ± 1.46
2.16 ± 1.74

K+
4.16 ± 0.54
4.13 ± 0.55
4.36 ± 0.63
4.19 ± 0.57

ACS: acute coronary syndrome, STEMI: ST segment elevation myocardial infarction;
NSTEMI: Non-ST segment elevation myocardial infarction; UAP: Unstable angina pectoris; Chol: cholesterol, Tgl: triglycerides, K+: potassium, Reference values: Chol: 2.8-5.2
mmol/L, Tgl: 0-1.7 mmol/L, K+: 3.2-5.2 mmol/L

A generalised linear model was used to calculate the significance of the difference in serum
creatine CK values, considering the impaired
assumption on the normal distribution and homogeneity of variance (Levene test: p < 0.001).
Gender adjustment was also performed as nor-

mal CK reference values are different in men
and women. Statistically significant differences
in CK values depending on the type of ACS were
found. The highest mean CK values were found in
STEMI (1,520.78 U/L), lower in NSTEMI (735.04
U/L), and the lowest in UAP (114.80 U/L) (Wald χ2
= 8058.26, p < 0.001). All three differences were
statistically significant with sequential Sidak significance p < 0.001. Biomarker values are shown
in Figure 1.
Statistically significant differences in CK-MB
values were found depending on the ACS type
(Kruskal Wallis test, χ2 = 72.07, p < 0.001). Mutual comparison by using the Mann-Whitney U
test resulted in statistical significance (p < 0.001)
among all parameters.
Highest mean CK-MB values were observed in
STEMI (141.70 U/L), lower in NSTEMI (89.91 U/L)
and lowest in UAP (13.36 U/L).
Statistically significant differences in cTnT values depending on the type of ACS were found
(χ2 = 87.06, p < 0.001). Mutual comparison by using the Mann-Whitney U test and in accordance
with the Bonferroni adjustment and the significance level α = 0.017, all three comparisons were
statistically significant (p < 0.001). The highest
mean cTnT values were observed in STEMI (3,694
pg/ml), lower in NSTEMI (1,152 pg/ml), and lowest in UAP (45.68 pg/ml).

Figure 1: Cardiac biomarkers depending on the type of ACS.
ACS: acute coronary syndrome, STEMI: ST segment elevation myocardial infarction; NSTEMI: Non-ST segment elevation myocardial infarction; UAP: Unstable angina;
Chol: cholesterol, Tgl: triglycerides, K+: potassium,
Reference values: CK men up to 171 U/L, CK women up to 145 U/L, CK-MB 0-24 U/L, cTnT 12.8-24.9 pg/ml.
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Discussion
In a period of six months, a total of 192 patients
were referred from the Banja Luka Primary
Healthcare Centre under the referral diagnosis
of ACS. According to the ACS registry in Serbia,
during 2009, this acute form of ischaemic heart
disease was registered in 63 people every day.
In the same year, 18 people died every day from
acute myocardial infarction.26

and women, in addition to other risks factors, eg,
higher number of male smokers. These data agree
with large GRACE study data33 covering the tenyear period, from 1999 to 2009, where approximately two-thirds of men are found in the STEMI
and NSTEMI groups, as well as with other studies
confirming that STEMI is more common in younger population and in men.34-37

The frequency of certain types of ACS, ie myocardial damage in this study was as follows: STEMI
48.31 %, NSTEMI 30.90 %, UAP 20.79 %. In some
other studies, data showed a smaller share of
STEMI in total ACS.27, 28 These data suggest that
there is a high percentage of patients with acute
coronary events in whom no characteristic ST-elevation is found on the ECG. This means that medical staff, primarily doctors, must be well educated, be able to use their knowledge and available
diagnostic tools to establish a timely diagnosis of
ACS or to suspect ACS. The incidence of STEMI has
been decreasing for years, while at the same time
the incidence of NSTEMI has slightly increased,
which is explained as a consequence of the introduction of biomarkers of high sensitivity and specificity, so that infarctions that affected a small part
of the heart muscle were diagnosed that could not
have been detected or diagnosed previously.29-31
Encouraging trends in reducing mortality in both
STEMI and NSTEMI in the first year after myocardial infarction suggest that methods of treating
acute MI have improved significantly.

Smoking, as one of the leading risk factors, has been
compared with certain types of ACS. It was found
that cigarette smoking was more associated with
STEMI (58.2 %) than with UAP (32.4 %), while
42.5 % of patients with NSTEMI were smokers. In
this study, out of 167 patients, almost half of them
smoked cigarettes (N = 80), while in the Filipiak
et al38 study, 36.41 % of the examined number of
patients were smokers. Different data could be explained by different lifestyle habits in different regions. In 11 patients the smoking status could not
be retrieved from the documentation. Although it
is just 11 out of 192 (5.7 %), as it is easy to obtain
this data, this represents poor history taking. If
universal information software would be implemented as planned (to all medical institutions, of
every level in whole of the Republic of Srpska),
it is justified to believe that would improve data
management.

In this study, the age structure of patients with ACS
depending on gender was also analysed. The average age was found to be 62.7 for men and 69.2 for
women (average 65.16) suffering from ACS. This
age breakdown corresponds approximately to the
age breakdown in studies done by other authors.32
The explanation for the fact that ASC occurs later in women, as has been established previously,
relates to the protective effect of female sex hormones on the development of atherosclerotic
heart disease.
Individual types of ACS were compared depending on patient's gender. No statistically significant
difference was found between individual types of
ACS and patient's gender, although it was found
that men were more likely to suffer from all three
subtypes of ACS (62.9 % vs 37.1 %), which again
can be explained by hormonal differences in men

Of the 178 patients in this study, 49 (27.5 %) had
diabetes. No statistically significant difference was
found between certain types of ACS and obesity in
patients. Diabetes is not only an independent risk
factor for coronary heart disease, but it also has
a major impact on other risk factors. More than
a billion adults worldwide are overweight. Out
of this number, 300 million are clinically obese.
Improper diet, combined with reduced physical
activity, is the cause of an increased incidence of
obesity.39
Arterial hypertension is the most important independent factor for coronary heart disease. High
blood pressure is one of the most dangerous widespread diseases of the modern age, with significant morbidity and mortality and immeasurable
social and oeconomic consequences in the world
and in our country. In age groups older than 20, it
is present in as many as 10 - 20 % of cases.40 Out
of 178 patients, 118 (66.2 %) had high blood pressure. Hypertension was found to be more associated with UAP than with STEMI ACS (hypertension/
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UAP 81.1 %, hypertension/STEMI 58.1 %, hypertension/NSTEMI 69 %). This can be explained by
higher blood pressure values in UAP due to a lower degree of myocardial damage (higher left ventricular ejection fraction). Some other researchers
report that in patients with ACS, the incidence of
hypertension varies from 31 % to 59 %.32 In the
general population, the prevalence of hypertension increases progressively with age in both men
and women. The paper of Picarella et al. of 2011
established that NSTEMI and UAP ACS associated
with chronic hypertension affect about 2/3 of the
population (70 % to 75 %), compared to patients
with STEMI (30 % to 40 %).41 From this perspective, the association of hypertension/NSTEMI and
UAP ACS in this study and the previous study is
approximately the same, while the association of
hypertension/STEMI is different (30 % to 40 % in
Picarella and 58.1 % in this study). The mentioned
author explains the obtained results by the fact
that in his study, patients with NSTEMI are older
and suffering from more comorbidities compared
to patients with STEMI.
Among electrolytes, K+ was observed primarily, ie
the possibility of increased K+ levels in blood, as
the most important intracellular cation, after ACS.
Namely, one of the factors that leads to a tendency to cardiac fibrillation after ACS is the fact that
acute cessation of myocardial blood flow causes
K+ to begin to rapidly flow out of ischaemic cells
and to increase the concentration of K+ in extracellular fluid.42 Since 98 % of total K+ is located
in intracellular region, the assumption was that
with the death of cardiomyocytes in the infarcted area, the level of K+ in the extracellular fluid, ie
in blood, would thus increase.43 A larger increase
in this intracellular ion was expected in transmural myocardial damage (STEMI) than in partial
(NSTEMI). However, this study did not establish
any differences in K+ values between individual
types of ACS, which can be explained by relatively
low heart mass (250-300 g) in relation to the total
body weight, so that heart damage is not accompanied by visible electrolyte imbalances.
The highest mean CK values were found in STEMI
(1,520 U/L), lower in NSTEMI (735 U/L), and lowest in UAP (114 U/L). CK, as a non-specific biomarker, although still used, is not recommended
as a diagnostic parameter for ACS.1, 44 By observing the mean values of serum CK-MB in relation to
ACS subtypes, the following conclusions were also
obtained: highest mean values of CK-MB observed

are in STEMI (141 U/L), lower in NSTEMI (89 U/L),
and lowest in UAP (13 U/L), which corresponds
to data from other sources.45, 46 cTnT was also correlated with previous enzymes. Namely, the highest mean values of cTnT were observed in STEMI
(3,694 pg/mL), lower in NSTEMI (1,152 pg/ml),
and the lowest in UAP (45 pg/mL). Therefore, the
largest increase in cardio-specific enzymes was in
STEMI and this is explained by the fact that this
type of ACS usually represents the major, transmural myocardial damage, while NSTEMI usually
represents the minor, subendocardial heart damage. Slightly higher values of serum biomarkers
than the reference ones in UAP are explained by
comorbidities affecting these patients (most often chronic renal failure but also other diseases,
such as the use of cytostatics in cancer patients,
patients with autoimmune diseases, chronic alcohol addicts, etc.).
There are few limitations to this study. It is a retrospective study from the single centre and from
one region, with aged data. This study could be
base for prospective study with clear protocol that
would eliminate limitations of this study.

Conclusion
In their daily work, doctors at the prehospital
level meet with patients who have symptoms
of acute chest pain. The registries show that
about 30 % of patients with ACS report atypical
symptoms, which further complicates the early
recognition of MI without ST elevation. According to all recommendations, such patients need
an ECG, cTnT, medical treatment and follow-up.
Given the seriousness of this diagnosis, failure
to recognise it early can even be fatal, which
makes this topic even more important for the
primary care physician.
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Stem cells (SC) are the unique and "key-cells" in the human body "working" as a
source of producing a large number (proliferation) of mature (differentiation) cells
inside different tissues ("cytopoiesis") – while at the same time maintaining the
ability to "reproduce" themselves (self-renewal). These events are balanced by interactive signals from the extracellular matrix, as well as microenvironment provided by stromal cells. On the other hand, SC plasticity (so-called "inter-systemic
plasticity") is the ability of the most "primitive" (immature) adult SCs to switch to
novel identities. The phrase SC plasticity also involves phenotypic potential of these
cells, broader than spectrum of phenotypes of differentiated cells in their original tissues. Recent increasing clinical use of cell-mediated therapeutic approaches has resulted in enlarged needs for both, higher quantity of SCs and improved
operating procedures during extracorporeal manipulations. The aim of harvesting procedures is to obtain the best SC yield and viability. The goal of optimised
cryopreservation is to minimise cellular thermal damages during freeze/thaw
process (cryoinjury). Despite the fact that different SC collection, purification and
cryopreservation protocols are already in routine use – a lot of problems related to
the optimal SC extracorporeal manipulations are still unresolved. The objective of
this paper is to provide an integral review of early haemobiological and cryobiological research in the unlimited "SC-field" with emphasis on their entities, recent
cell-concepts, extracorporeal manipulative and "graft-engineering" systems. Their
therapeutic relevance and efficacy in "conventional" SC transplants or regenerative
medicine will be briefly summarised. Finally, in this paper original results will not
be pointed out – related to neither SC transplants nor regenerative medicine – but a
light will be shed on some of them.
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Introduction
– general considerations
Generally, the “cytopoiesis” – defined as in vivo cell
development and expansion – is a multi-cyclic process in which a variety of large quantity of mature
cells are produced from a small number of stem
cells (SCs).1-3 Extremely “primitive” (immature)
SCs could be characterised as cells having more
or less “limitless”, but well-balanced self-renewal
ability (SCs dividing to make more identical cells),

high differentiation and proliferative capacity, as
well as potential for “inter-systemic plasticity”
(a possibility to “switch” into other cell lineages
trough transdifferentiation).2-10
Permanent activity of SCs guarantees the “steadystate” homeostasis (from self-renewal to maturation in various “tissue-generating” (such as hae-
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matopoietic) systems. However, the concept/
event of SC aging results in a gradual degradation
(up to missing) of some tissue functions – including decreased cell/tissue regenerative (renewal)
potential by consequent reduction of the organ
repair capacity. In clinical settings, SCs allow the
repopulation of bone marrow (BM) (“conventional” SC transplants) or organ repair/restore (regenerative medicine) following therapeutic use.3-6
Haematopoiesis is an eventful and multifarious
continuous haemobiological process during which
a spectrum of mature blood and immune-system
cells are produced from immature compartment
of haematopoietic SCs (HSCs). HSCs are actually the best evaluated and explained SCs.1-5 They
are distributed in different haematopoietic compartments throughout the body during foetal and
adult life. In adults, HSCs are located primarily in
the BM and have full-size potential for differentiation into pluripotent or committed progenitors
and finally deliver different mature blood cells –
required for daily blood turnover and for fighting
infections. The HSC population expresses CD34
antigen – it was initially characterised as a glycoprotein expressed on haematopoietic stem/progenitor cells – thus they are named also as CD34+
cells. The CD34 is the cluster designation given
to a marker present on HSC surface, but also on
some “tissue-specific” stromal cells.1, 9 -13
Haematopoiesis is regulated through the extracellular matrix and different microenvironmental
derived stromal cells by production of interactive
matters and factors, such as various haematopoietic “growth factors”. A number of studies have
verified that a complex network of cytokines and
other mediators regulate the SC survival (self-renewal), maturation (differentiation) and extensive cell production (proliferation).1, 5-8
Compared to adult SCs from other tissues, HSCs
are relatively not difficult to obtain, as they can
be either aspirated directly from the BM or stimulated (mobilised) to move into the peripheral
blood (PB) where they can be harvested by apheresis. In practice, HSCs can be collected by multiple
aspirations or by harvesting from PB following application of “mobilising regimen”: the use of chemotherapy and/or recombinant granulocyte-colony-stimulating-factor (rHuG-CSF).1-10 Umbilical
cord blood (UCB) derived SCs can be collected
using purification methods such as cell processing and rarely immunomagnetic selection. UCB
transplants have provided hopeful results firstly
in paediatric patients – when a matched related or

unrelated BM or PB donor was unavailable.1-3, 14-23
Some marrow damages caused by the use of chemotherapy (autologous transplant setting) could
be a restrictive factor of successful SC harvesting
from PB (“poor mobilisers”). Namely, the quantity of total CD34+ cells in the PB mobilised healthy
donors is typically higher than in the circulation of
treated patients.10 That could be a critical factor for
delayed haematopoietic reconstitution following
autologous vs allogeneic SC transplants.3,10 However, in the bloodstream of mobilised patients the
SC population is typically more “primitive” – since
they have superior CD90 expression (a specific
marker for immature CD34+/CD90+ population or
“repopulating” SCs).9-10 The presence of these cells
in graft is essential for complete, stable and longterm marrow repopulation and following haematopoietic reconstitution.
The most attractive quality of extremely “primitive” adult SCs (including some HSC partitions) is
the mentioned “inter-systemic plasticity” (mediated by “dedifferentiation” and “transdifferentiation” activity or “cell-reprogramming”) due to the
cell ability to convert or switch into different somatic cellular lineages. In appropriate conditions,
they can deliver osteocytes, cardiomyocytes, hepatocytes, endothelial and other “tissue-specific”
somatic cells.5-14 This HSC ability (similar to mesenchymal SCs) emphasizes their potential role in
a spectrum of different clinical scenarios. Namely,
the most “primitive” SCs open novel viewpoints
and perspectives in the treatment of different
diseases. The possibility of implantation of these
cells into human body by reason of repair of damaged organs (regenerative medicine) and/or tissue/organ replacement (tissue engineering) will
be highlighted.1-3, 29-31 Although attractive, these
SC-concepts are still the matter of controversy.
Finally, yet importantly, in this paper a number of
evidence-based approaches, knowledge and facts
of SC basic research and their clinical applications
(based on the marrow repopulative and organ repair potential), as well as the existing limitations
and future directions will be briefly reviewed.

Stem cell concept – embryonic vs adult cells
Generally, the SC population can be divided into:
(a) embryonic and (b) “tissue-specific” adult cells.
Embryonic cells are truthfully able to differentiate
into all cellular types or categories in human body.
Current studies were verified that the most “primitive” adult SCs can have also similar (practically
“unlimited”) biological potentials. Precisely, adult
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SC multipotency and “inter-systemic plasticity”,
which have been newly discovered, could also
lead to their hopeful use (autologous setting) of
these cells in for tissue/organ regeneration or replacement.1-3, 31
As expected, embryonic SCs are the most “promising” (by in fact “unlimited”) cellular potentials,
but also the most controversial ones. Numerous
researchers view the zygote as the “ultimate-SC”
since it can develop or differentiate into whichever cellular lineage in human body. The zygote has
the highest degree of “inter-systemic plasticity”
and it is referred to as an exact or authentic “totipotent” SC.1, 2, 4
Following fertilisation, the zygote begins to divide
and by the fifth-sixth day cells form the blastocyst. After that (the first week), cells begin to expand the coding sequence for specific functions,
which makes isolating the SCs through the blastocyst-state, imperative. These cells (collected from
blastocyst) can be cultured ex vivo into embryonic
SCs. They have the capability to develop into all
three tissue types (endoderm, ectoderm or mesoderm). After approximately 8 to 12 weeks, the
“foetal SCs” are accumulated in the liver. Hypothetically, these “foetal SCs” (as well as the embryonic SCs) can be transplanted into an individual
without being rejected because they have little or
none of “immune-triggering-proteins” on cell surface.1-4
The compartment of adult SCs is at a more advanced phase of cell progress. Different adult SCs
are able of making a number of identical “cell
copies” (self-renewal), but they more frequently divide to make progenitor or precursor cells
of some specific cell lineages. Earlier adult SCs
were considered as cells non-capable of “transdifferentiating” into cell lineages of above mentioned three tissue types because they cannot be
“rejuvenated-back” to an earlier cell stage – “dedifferentiation” followed by the process of “transdifferentiation”. Adult SCs have been identified in
different tissues/organs, but in very small quantities. Therefore, they can be detected in the BM,
bloodstream, blood vessels, cornea, dental pulp,
brain, skeletal muscle, skin, liver, pancreas and
gastrointestinal tract, etc.2-4
Adult SCs could be described as cells having
well-balanced self-renewal, differentiation and
proliferative capacity, as well as potential for “inter-systemic plasticity” – that is ability to “switch”
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into other cell lineages. The self-renewal ability of
“primitive” HSCs provides maintaining of the continuity of their population in BM under conditions
of physiological haematopoietic balance (“steady
state” haematopoiesis), but also in situation when
it is partially disturbed. Less “primitive” populations of SCs and progenitors will give, however,
only mature blood cells.1, 2
Last but not least, SC (haemo)biology is one of the
most attractive and dynamic topics in overall biology – not only from a methodical viewpoint, but
also from the social, regulative and ethical points
of view. However, it must be emphasised once
more that there are still dilemmas and more or
less “insurmountable” barriers regarding the research and (pre)clinical study of embryonic SCs.
Namely, it is well known that some ethical aspect
includes for many, strong argument that embryonic SC research, experiments or especially potential clinical use are very nearly equivalent for a
negligent “manslaughter”.1, 2

Stem cell collection/harvesting and ex vivo
manipulations

Historically, for transplants, BM was the primary
SC-source, in which approximately 1-3 % of total
nucleated cells (TNCs) express the CD34 antigen.1,
10
The collection of mononuclear cells (MNCs; together with SCs) from BM is the same for an allogeneic donor as for an autologous patient. The
CD34+ cells were determined also in PB, but in
enormously small ratio in the “steady-state” haematopoiesis: 0.01–0.05 % of TNCs.10, 13 The first
SC harvestings from PB were accomplished in
“steady-state” haematopoiesis, and numerous (6
to 9) apheresis procedures were required with
following cryopreservation. Nowadays, SCs are
harvested after “mobilising regimen” and the typical number of aphereses needed is not more than
one to three.1-3, 32 UCB has been used as an alternative SC source since the late 1980s.1-5, 14 UCB has
emerged as an alternative source of transplantable CD34+ cells for patients who lack adult HLAmatched SC donors.1-3, 14, 22, 23

Stem cell collection from bone marrow

SCs are collected by multiple aspirations from the
posterior and anterior iliac crest and (seldom)
from sternum. The posterior iliac crest provides
the richest site of BM-derived SCs. The procedure
is performed under sterile conditions in the operation room, while the donor is generally anaesthetised. In order to provide of required MNC
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Figure 1: Stem cell collection by multiple
aspirations from bone marrow

quantity (≥ 3 x 108/kg of body mass [kgbm]), approximately 200 aspirations are performed (single aspirate volume = 2 – 5 mL).1-3 Cell aspirate
should be filtered in order to remove bone and
lipid tissue particles and cell aggregates, as it is
presented in Figure 1.
Anticoagulation is provided using citrate solution
and by heparin diluted in saline (5000 IU/500
mL), using autologous plasma for resuspension of
collected MNCs. The highest target dose of collected marrow aspirate is 15 mL/kgbm of donor. The
volume of aspirate is relatively large (800 – 1000
mL) and it contains a high count of red blood cells
(RBCs).1-4 Thus, in order to prevent anaemia in donors, one unit of whole blood for autologous transfusion (to carry out during SC collection) should
be collected approximately one week before cell
aspirations. For ABO-incompatible (major and/
or minor) and rarely for autologous transplants
(cryopreservation is required), RBC or plasma
quantity reduction is obligatory (by extracorporeal processing). This method enables reduction
of the aspirate volume and reduction of RBC mass
(“contamination”) by approximately ≥ 80 %.4-9

Stem cell
blood

harvesting

from

peripheral

Nowadays, PB-derived SCs are used for approximately 80 % of allogeneic and practically for all
autologous SC-transplants. Transplant of SCs from
PB could be characterised by a) lack of general
anaesthesia and work in surgical room; b) minor
harvest volume and better CD34+ yield; c) superior “engraftment-rate” and inferior transplant-related morbidity.1-5

For donor/patient anticoagulation, typically acid-citrate-dextrose formula A (ACD-A; 2.2 % citrate) or rarely ACD-B (1.8 % citrate) solutions are
used. The venous access is most frequently realised through ante-cubical veins (allogeneic). Autologous harvestings should be performed using
central-venous catheters. These catheters have
simplified cell harvesting procedure but may be
associated with thrombosis of the instrumented
vessels. There is also about one percent of “central-venous catheter-related” risk of local infection, pneumothorax or bleeding.1, 33-38
Two harvesting procedures in the Centre for SC
transplants and schematic image of “SC-hierarchy”, as well as separated blood layers are presented schematically in Figure 2.
For obtaining of an acceptable SC or CD34+ yield,
two standardised “mobilising regimens’’ are in
use: a) rHuG-CSF 5 – 10 μg/kgbm per day (allogeneic setting) and b) rHuG-CSF 12 – 16 μg/kgbm
daily combined with chemotherapy in corresponding doses (autologous setting).1, 26, 32
An innovative harvesting protocol to obtain sufficient SC quantity from “poor responders” or “poor
mobilisers” (some patients, heavily-pretreated
by radio-chemotherapy) is based on the use of
AMD3100 or plerixafor (Mozobil) – which is a potent antagonist of the alpha chemokine receptor
CXCR4.34 Physiologically, the Stromal Derived Factor 1 (SDF-1), due to its interaction with CXCR4,
retains SCs in the BM (phenomenon known as
“homing”). Plerixafor effectively inhibits this “CXCR4-with-SDF-1” interaction. Initially, plerixafor
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Figure 2: Cell harvesting by large volume
leukapheresis using the last generation of
blood separators

(previously known as AMD3100) was a candidate-drug for the treatment of AIDS, but it is manifested by an “unexpected side effect”: white blood
cell (WBC) count rise in the circulation. Thus, nowadays there are data describing superior effects of
“mobilising regimen” with the use of plerixafor in
combination with rHuG-CSF: increased number of
progenitors and immature SCs (capable for longterm marrow repopulation – LT-HSC) in the PB
and higher cell yield in the harvest.10, 34-36
Determination of the optimal timing is perhaps
the most critical event for both, allogeneic and autologous cell harvesting. For allogeneic donors the
first apheresis is on the fifth day of rHuG-CSF application.1, 4 The choice of an optimised timing for autologous harvesting is more complex and controversial – it can be determined by circulating CD34+
cell count. Their number evidently correlates with
both, collection timing and SC quantity in harvest, respectively. Exactly, it is confirmed that for
a CD34+ ≥ 20 – 40/μL of patient's circulation the
possibility of the CD34+ yield ≥ 2.5 x 106 per kgbm
in the harvest is around 15% after performance of
one “standard” apheresis or ≥ 60% following one
large volume leukapheresis (LVL). Of course, higher CD34+ number in circulation results in their superior yield in the harvest.1, 3, 4, 10
Finally, a recent preclinical investigation has confirmed that the relative frequency of immature SC
subset (CD34+/CD90+) in PB possibly could be a
practical and potentially more objective mobilisation predictive factor (for optimised timing) and
predictor of the harvest (apheresis product) quality.10
The efficiency of harvesting can be evaluated by
CD34+ quantification. In order to expect successful
SC transplant, the total number of CD34+ should be
about 200 – 300 x 106 cells per unit or 2 – 4 x 106/
kgbm in harvest (with platelet count ≤ 470 x 109 and

RBC volume ≤ 6 – 8 mL, respectively). However, recent data support a clinical benefit associated with
greater CD34+ yield (≥ 5.0 x 106/kgbm) compared
to the minimum cell quantity needed (≥ 1.0 x 106/
kgbm) in autologous transplant setting. Тhe final
haematocrit is 0.05 – 0.10 and the final harvest volume is 200 – 250 mL.1-4, 32, 33
A characteristic of PB harvest is a high T-lymphocyte
“contamination” or rate – with consequent risk of
Graft versus Host Disease (GvHD), but also a benefit from resulting Graft versus Leukaemia (GvL)
effect.3-6, 37 Efficient graft purification methods, that
is T-lymphocytes was developed using positive or
negative immunomagnetic selection (see Figure 3).
The use of immunomagnetic system has been
shown (including our own cell investigations) to
be the most effective harvest purification method
to achieve a 3 – 4 Log10 T-lymphocyte depletion
while retaining around 70 – 80 % of CD34+ cells
in the graft.1-4

Stem cell purification from the umbilical
cord blood

The volume of UCB unit is typically 100 mL (range
40 – 240 mL) with a TNC count ≈ 1x109 and CD34+
around 3x106 per unit. UCB can easily be cryopreserved, thus allowing for the establishment of
HLA-typed SC banks. UCB is rich in “more primitive” SCs (superior BM repopulating capacity)
but have the potential to transdifferentiate into
non-haematopoietic cells (myocardial, neural, endothelial cells, etc). The “naive” lymphocytes in
the UCB allows the use of “partially HLA-matched”
grafts with no higher risk for severe GvHD. The use
of UCB-derived SCs is appropriate for treatment
of paediatric patients (a higher risk of graft failure was noticed in children weighing ≥ 45 kgbm),
and for whom a matched BM or PB donor of SCs is
unavailable.1-4, 38-41
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Figure 3: Immunomagnetic CD34+ selection – theory and our own application

Stem cell long-term storage by cryopreservation

Cryopreservation protocols (controlled-rate vs
uncontrolled-rate freezing) are nowadays in
routine practice – but they should be revised to
minimise cell thermal damage (cryoinjury), confirming that the most effective cryopreservation
system has not yet been determined. Microprocessor-restricted (controlled-rate) freezing is
more effective because of superior quantitative,
morphological, ultrastructural and functional cell
recovery – but it requires complex equipment and
high-level technical expertise. Uncontrolled-rate
(“dump-freeze” without programmed cooling
rate) technique is less costly because it does not
require a programmed freezing device.42-49
Generally, cryoinjuries result from an extensive
volume reduction (cellular dehydration or solution effect) or massive intracellular ice crystallisation (mechanical damage). Although independent,
these mechanisms can also act together. The first
event is expressed primarily at low-rate (≤ 10°C/
min) freezing, and the second one in high-rate
(≥ 10°C /min) freezing (see Figure 4a).2, 42-45
Consequently, determination of a specific optimised freezing rate for each cell type should be
considered. It is the cooling speed high enough to
prevent cell dehydration (prevention of solution
effect) and adequately low to make possible efflux of water from the cell (escaping of mechanical
damages).

Cell destruction has occurred when transition period from liquid to solid phase (due to fusion heat
releasing) is prolonged. Its duration is directly
related to the degree of cryoinjuries – therefore,
the compensation of the released fusion heat is required (see Figure 4b) during the controlled-rate
freezing.1, 3, 50
Post-thaw cell recovery and viability are adequate only when cryoprotectants – nonpenetrating (extracellular) and penetrating (intracellular)
compounds – are present in the “cryobiosystem”.
Cryoprotective agents reduce the degree of cryoinjuries through reduction of cell dehydration
and/or by decreasing the intracellular crystallisation. For SC, progenitor and mature blood cell
cryopreservation, glycerol, dimethyl sulphoxide
(DMSO) and hydroxyethyl-starch (HES) are regularly used, although in different concentrations.1-4,
43, 46

In practice, SC cryopreservation consists of the following steps: (a) graft purification (if it is needed);
(b) equilibration (cell exposure to cryoprotectant)
and freezing; (c) cell storage at -90 ± 5 ºC (mechanical freezer), at temperature from -120 ºC to
-150 ºC (mechanical freezer or steam of nitrogen)
or at -196 ºC (liquid nitrogen); and (d) cell thawing in a water bath at 37± 3 ºC.1-6
The initial cryoinvestigation (using animal model) has been confirmed that the recovery of col-
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Figure 4: Cryoinjuries and our original fivestep controlled-rate freezing protocol

ony-forming unit spleen or pluripotent progenitors (CFU-Sd12; see Figure 5) and colony-forming
unit-granulocyte macrophage or committed progenitors (CFU-GM) in the presence of 5 % DMSO
is superior.50
However, it has also been demonstrated that the
recovery of “very-primitive” pluripotent progenitors or SCs (Marrow Repopulating Ability – MRA)
is better when 10 % DMSO is used.52 These results
imply a different “cryobiological request” of MRA
cells in comparison with the mature TNCs and
progenitors.

Stem cell clinical use – doctrine vs practice

The use of high-dose (radio)chemotherapy followed by allogeneic (HLA-matched related/unrelated and haploidentical), syngeneic or autologous SC transplants is considered as standard
treatment for various malignant haematological
and some benign, predominantly immune-mediated disorders or diseases (eg, multiple sclerosis).
A similar procedure with reduced-intensity con-

ditioning (RIC) can be offered to patients who are
disqualified for high-dose (radio)chemotherapy
because of their age or co-morbidity.1-6, 30
The use of SCs for organ repair (damaged myocardium, liver, pancreas, etc) opens new perspectives
in regenerative medicine. The most common haematological malignancies treated by SCs transplants are different leukaemias (nowadays mainly
acute myeloid leukaemia and acute lymphoblastic
leukaemia), Hodgkin’s disease or non-Hodgkin’s
lymphoma, multiple myeloma and myelodysplastic disorders. In addition, a number of neoplasms
and non-malignant diseases were treated with SC
transplants such as Wilms’ tumour, neuroblastoma and severe aplastic anaemia, severe combined
immunodeficiency, as well as various congenital
or autoimmune disorders (multiple sclerosis, immune-mediated enteropathy).4, 5, 51-55
Specific clinical aspects – such as optimal transplant timing, therapeutic efficacy, complications
– of the treatment of these disorders will not be
discussed in this article.
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results were obtained in treatment of chronic
myeloid leukaemia (CML).1-4, 37 Our investigations
of the use of DSLs also confirmed efficacy of this
treatment in patients with Philadelphia-positive
CML, relapsed after SC transplant. At the same
time, our original in vitro test (named as “Test of
Mixed Progenitors”) was introduced to predict the
clinical outcome of DSL-treatment.37

Figure 5: CFU-Sd12 cryopreserved using our controlled-rate
freezing and by dimethyl sulphoxide (DMSO)

Finally, PB-derived SCs can have also a specific
anti-tumour (eg, anti-leukaemia) effect, particularly in haemato-oncology. The administration
of the donor-specific lymphocytes (DSLs) results
frequently in an immune-mediated anti-tumour
or effect. Recently systems to “separate” the GVL
effect from GvHD have been developed. The best

As mentioned, a number of experiments and clinical studies over the last several decades have
raised the possibility that SCs from one tissue may
be able to give rise to cell lineages of a completely different tissue (“inter-systemic plasticity”).
This concept has been revised by the Ratajczak’s
group.31 They developed and confirmed the novel
concept of Very Small Embryonic Like Cell (VSEL)
– shown to be SCs in BM and in non-haematopoietic compartment, committed to differentiate into
some other tissues.1-4, 31

Figure 6: The application of stem cells
in the fields of regenerative medicine
in our center

Figure 7: Intracoronary and intramyocardial use of bone marrow-derived
mononuclear cells/stemm cells
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Thanks to their “inter-systemic plasticity”, therapeutic use of SCs is justified in the treatment of
patients with cardiac, liver, pancreatic, brain and
some other organ/tissue damages (Figure 6).
Clinical studies show that application of SCs into
the damaged or ischaemic regions of myocardium
results in “homing” and consequent “transdifferentiation” into cardiac cells. The presence of a significant quantity of cardiac cells is confirmed in
proliferative state in peri-infarction region. Thus,
the first source of these “regenerative cells” is
maybe cardiac SCs, which are in the inactive stage
in “intact” myocardium. Following infarction, they
differentiate into mature cardiomyocytes, smooth
muscle and endothelial cells. Besides, after infarction, myocardial ischaemia initiates the release of
some cytokines and chemokines that induce SC
recruitment from other “niches” and their “homing” into the damaged myocardium.2, 24-30 The in-
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tracoronary use and intramyocardial injection of
MNC/SCs in the Centre is started in 2003 and in
2006, respectively (see Figure 7).26, 29, 30
Data related to SC use in regenerative medicine
are only partially explained. There are numerous
unanswered questions considering SC therapy of
the ischaemic heart disease. Which mechanisms
enable SCs “transdifferentiation” or “cell-reprogramming” (mediated by “extrinsic” or “intrinsic”
factors)? What is the precise mechanism and level of medical benefit of MNC/SC infusion into the
infarction-related artery? Do we need some exact
MNC/SC compartment and some processing or
selection manner of BM before the cell inoculation into the myocardium? Are “growth factors”
(cytokine) priming of MB and/or myocardium to
increase the SC yield and to improve “homing” capacity of these cells into the ischaemic myocardium needed?

Conclusion
The intensification of myeloablative therapy
with SC rescue and increase in the use of allogeneic transplants, as well as cell-mediated
therapeutic approaches have resulted in higher
needs for both, SCs and a practical ex vivo operating procedure in order to minimise cell damages. The use of "conventional" SC transplant
is an imperative for treatment of haemato-oncological, some benign blood or autoimmune
disorders. The concept "inter-systemic plasticity" of very "primitive" SC enables their ever-increasing therapeutic use for organ repair. However, future randomised, controlled and larger
clinical trials are needed to determine the exact
arrangement of this innovative treatment in the
fields of regenerative medicine.
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Abstract
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Traumatic abdominal wall hernias (TAWHs) are uncommon health conditions that
involve a disruption of the muscular layers after a blunt abdominal injury. A consensus in the management of TAWHs has not been established, owing to the scarce
number of reported cases. These hernias can occur under a broad array of clinical presentations, from stable and asymptomatic patients to emergency situations
with associated intra-abdominal injuries. The aetiology of TAWHs is diverse and
can occur at all ages, however it is more likely to be reported in children and elderly
patients. Clinical findings must be correlated with a CT scan, which will confirm the
diagnosis. Early diagnosis and treatment were found to be associated with a lower
risk of complications and mesh use during the surgical repair is an efficient mean
of reducing recurrences after the surgical repair. However, the timing of repair and
surgical solution still depends on the patient’s condition.
Key words: Traumatic abdominal wall hernia; Traumatic abdominal wall defect;
Blunt abdominal injury; Blunt abdominal trauma; Intra-abdominal injuries.
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Introduction

Method

Traumatic abdominal wall hernias (TAWHs) are
rare clinical conditions where muscular and fascial layers of the abdominal wall are disrupted
while the skin remains intact after a blunt abdominal injury.1, 2

A thorough search through PubMed, using the following search formula: ((management OR guidelines) AND (traumatic abdominal wall hernia OR
traumatic abdominal wall defect)) OR (TAWD) OR
(TAWH)) was carried out. Only full text articles
published in the last 13 years were chosen. After
a rigorous examination, a total of 12 articles were
chosen for this research.

Only a handful of cases have been reported,
therefore a consensus in management of TAWHs
has not been established.3
The purpose of this study was to investigate current literature regarding management of TAWHs,
taking into consideration mainly circumstances
of the occurrence and optimal timing for repair of
hernias subsequent to blunt abdominal trauma.

Results and Discussion
Traumatic abdominal wall hernias are considered
to be uncommon occurrences following blunt ab-
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dominal injury. The incidence of TAWHs is rather
low in contrast to the more frequent blunt abdominal trauma.1, 3-5 The incidence of TAWHs is
estimated at 0.07 %.3
Usually, a TAWH contains small bowel or large
bowel, however a small percentage of TAWHs can
contain both. Associated intra-abdominal injuries such as bowel perforation, splenic rupture,
liver lacerations or pelvic fractures are frequent,
the percentages varying from 30 % to 60 %.3, 4, 6
There is a possibility for the patient to become
symptomatic after a longer period following the
blunt abdominal trauma while only presenting
mild discomfort at the site of injury.2 The location
of the hernia might be linked to a higher or lower
risk of concurrent visceral injuries. Supraumbilical and flank hernias pose a greater chance of
being associated with intra-abdominal injuries,
while infraumbilical hernias are less expected to
coexist with such injuries. TAWH usually occur at
weak points of the abdomen such as the lower abdomen and inguinal area and the lateral region to
the rectus seath.4
Currently there is no precise classification system for TAWHs.4 Management is generally based
on the mechanism and force of the injury, nature
and severity of other lesions, size of the hernia
and the general condition of the patient.6 TAWHs
can be classified into three main types. The first
type occurs in high-energy injuries, the fascial
defect is large and concurrent intra-abdominal
lesions are common. The second type occurs in
low-energy injuries and coexisting intra-abdominal injuries are rare. The third type occurs with
deceleration injuries and represents an intraabdominal herniation of the bowel.4, 7 Ganchi et al
classified these hernias based on the mechanism
of injury into two major types. The ”focal” type includes small hernias in which other associated injuries are uncommon. The ”diffuse” type includes
hernias resulted from shearing injuries and other
associated injuries are more frequent.2, 4
TAWHs after road accidents are commonplace,
especially in motorcyclists. Such scenarios often
result in ”handlebar hernias”, first described by
Dymian in 1980.4, 6 Unsurprisingly, a high number
of handlebar hernias have also been reported in
children as a result of a thinner abdominal wall
and more elastic skin.1 Risk factors known for
TAWH are pre-existing hernias, old age and weak
abdominal muscles.3, 8
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TAWHs can be described as a ”visible bulge” on
the parietal wall associated with ecchymosis and
subcutaneous fluctuant swelling.2, 3, 6 These clinical findings must be paired with computed tomography (CT) for a prompt diagnosis.6 CT is considered the most accurate diagnostic tool and is
able to distinguish an isolated TAWH from associated intra-abdominal injuries.1, 4, 6 Even though
CT is the most widely used modality of diagnosis
in trauma patients, in cases where injuries call
for immediate response, exploratory laparotomy
will be used to evaluate the abdominal wall.8
Generally it has been accepted that prompt exploration and repair is a much more appropriate
method in the management of TAWHs.4 Delayed
timing of exploration and repair might be associated with bowel strangulation and excessive tension in the suturing of the defect which in itself is
associated with higher recurrence rates.2, 5, 9 However, the timing of repair ultimately comes down
to the size of the defect, timing of diagnosis and
association of other intra- or extra-abdominal injuries.10 Patients who possess larger parietal defects have a lower chance of bowel strangulation
thus allowing for a delayed repair of the defect.
This approach will give the surrounding tissue
time to heal and therefore mesh can be safely
used. However, this strategy might lead to a more
difficult repair due to muscle retraction and atrophy.10, 11
Mesh use in the repair of TAWHs has been found
to lead to less recurrences compared to no mesh
repair. A recent study indicates that up to 70 % of
recurrences occur in patients who were treated
without the use of mesh.12 If the size of the defect is small and the patient is stable, then a tension-free repair without the use of mesh during
the initial exploratory laparotomy might be a feasible approach and will prevent visceral incarceration.8, 10
In the presence of hollow viscus injury (HVI) or
abdominal contamination, mesh use could be an
option, however a study has shown that longterm durability is less favourable.8 In the past,
HVIs and contaminated fields were considered
absolute contraindications for the use of biologic meshes, however the issue resides more in the
long-term viability of the repair rather than the
safety in using of the biologic mesh in such instances.6
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In a recent systematic review, it has been found
that tension-free repair is recommended to minimise recurrence rates. However, this might be
difficult to achieve in a primary repair due to
swelling and haematoma in the acute posttraumatic period. In such cases mesh use is recommended.12

In regard to the timing of TAWH repair, early repair seems to be associated with a decreased risk
of bowel obstruction, strangulation or incarceration. If all of the aforementioned risks are absent
and the patient’s status is acceptable, a delayed
repair is justified.9, 12

Conclusion
TAWHs are rare occurrences and should be
taken into consideration whenever a patient
reports blunt abdominal trauma when performing the initial assessment. These hernias
can often be associated with intra-abdominal
injuries and computed tomography should be
a standard diagnostic tool. Early repair is associated with a lower risk of complications and
mesh use has been proven to be an efficient
method of minimising recurrences after the
surgical repair. In cases where the size of the
defect is large, the repair procedure must involve the use of mesh. If the size of the defect
is small, it can be handled with a tension-free
repair without the use of mesh.
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Abstract
The text analyses the ethical content of the Hippocratic Oath, evaluates its significance for modern-day medicine and answers the question of how relevant it
is for today's physicians. The history of the Oath is explored from its origin to
modern-day adaptations. The paper explains the difference of expressing moral
norms through an oath, a promise and a code. The ethical contents of Hippocratic ethics are divided into three segments: the covenant, the code and decorum.
The paper further discusses the interpretation of controversial parts on abortion,
euthanasia and the use of surgery. In his other works, Hippocrates emphasises
high morality and requires physicians to be virtuous, exemplary humanists and
to preserve the honour of their profession. In spite of all its faults, the Hippocratic Oath continues to set an example for the medical practice by emphasising the
responsibility of the physician for the well-being of the patient. It is necessary
that physicians possess not only technical knowledge, but also ethical education,
enabling them to make conscientious moral decisions. The Oath is old, non-authentic, modified, differently interpreted and incomplete, but remains relevant
for modern-day biomedical ethics.
Key words: Hippocrates; Oath; Professional ethics; Ancient medicine.
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Introduction: The legend of
Hippocrates
Hippocrates (460–377 BCE) lived in the golden
age of classical antiquity. It is the period of the
rule of Pericles (495-429), the rise and fall of Athens in the Peloponnesian war (431-404), the construction of the Pantheon (447-433), emergence
of Thucydides’ critical historiography (454-396).
The tragedies of Sophocles (497-406) and Euripides (480-406) gain popularity, as well as the
comedies of Aristophanes (446-386). It is a time
when philosophy shifts its focus of research from
cosmology towards issues of anthropology. Sophists appear, as paid travel teachers. Socrates (470399 BCE) and his maieutic method of revealing
the truth gave birth to ethics as a philosophical
discipline. It is surprising that, in spite of knowing a fair amount about this period, a lot of infor-

mation on the life of the most popular physician
of the world is not known. Most of what is known
survived as idealised legends.1
Reliable contemporary historical sources mentioning Hippocrates are quite scarce. Plato said
he was one of the most renowned physicians of
classical antiquity in his dialogues Phaedrus2 and
Protagoras.3 The other source is Aristotle’s statement that Hippocrates’ popularity is not due to
his physical stature (Figure 1), noble background,
nor economic power, but primarily his knowledge
of ailments.4
Legend has it that Hippocrates is descendent directly from Asclepius, the god of medicine. He
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Figure 2: The “Tree of Hippocrates” on the island of Kos. The
place where Hippocrates treated patients and lectured students.

of the time, he required that his students lead a
moral life.

Figure 1: Portrait of Hippocrates engraved by P. Pontius after
Peter Paul Rubens (1638).

was first taught by his father Heraclides, the chief
priest of the Asclepeion temples on the island of
Kos. His further education was deepened by the
most renowned teachers of classical antiquity;
Gorgias from Leontin taught him rhetoric and
Democritus from Abdera taught him philosophy. He had discussions with Socrates’ teacher
Anaxagoras, who brought philosophy to Athens.
This quickly led him to discard the traditional
supernatural image of the world and medicine
and embrace the philosophical approach to seeking truth by revealing the causes of phenomena.
Hippocrates thus became the first person who
scientifically studied and categorised diseases
into acute, chronic, endemic and epidemic. His approach to case studies was very methodical: diagnose the disease, describe its symptoms, predict
its consequences and prescribe therapy. He kept
detailed case-histories, kept note of both his failures and successes, which enabled him to be very
precise in predicting the outcome of a disease for
a patient. He held a holistic approach to treatment
and asked the patient to completely change their
lifestyle, introducing appropriate physical activity and a balanced diet. Unlike other physicians

Travelling from one polis to another, Hippocrates
practised his medicine in public squares (Figure 2).
The new art of healing quickly spread through the
Mediterranean peninsula thanks to its positive
results. As the approach was gaining popularity,
the number of Hippocrates’ essays grew and led
to a collection of sixty books published in c. 280
BCE in the library of Alexandria, entitled Corpus
Hippocraticum. This collection was most likely
written over an extended period of time (420350 BCE) by dozens of Hippocrates’ students. The
books are in no particular order, and contain contradictory philosophical essays, research notes,
case studies and public lectures. The topics and
writing styles are various and address both beginners and advanced physicians. Aside from the
differences among the texts, there are clear similarities as well. When it comes to style, there is
a visible influence of the Gorgias rhetoric with
the use of antithesis, assonance, anaphora, long
prologues and epilogues, the use of concise aphorisms. In terms of the topic, when diagnosing
diseases and determining the therapy, all authors
of the Corpus Hippocraticum express naturalistic
determinism and reject mythical explanations of
diseases.

Origin of the Oath
Of all the texts in Corpus Hippocraticum, the most
relevant for medical ethics is also the most mys-
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terious one, the Oath (Όρκος; Ius Iurandum).5 It is
not known what its significance was and whether
Hippocrates even used it, whether it referred only
to his students or to all physicians and whether it
is the only text of its kind. But what is known is
that the Oath did not reflect the moral values of
the society of classical antiquity. It is also surprising that it is not even mentioned in the rest of the
Corpus and that it contradicts views expressed in
other texts by Hippocrates. Consequently, there
are few medical ethics historians who believe
that it was originally written by Hippocrates.6 In
this paper it is subscribed to the convincing argumentation of Ludwig Edelstein that the Oath is
Pythagoras’ manifesto and not authentic teaching of Hippocrates.7 Only in Pythagoras’ philosophy ascetic ethics is found which underlines the
sanctity of the soul and moral virtue. Pythagoras
thus requires treatment by way of diets and exercise, professing to the gods that the students
would live in a brotherly community, respect the
teacher like a father and keep their knowledge a
secret because it is too dangerous to be disseminated among the masses. On the other hand, he
bans abortion and euthanasia, bloodletting and
the use of surgery. Pythagoras instructs that the
soul should be kept morally pure by clearly defining what should be done and what should be
forbidden.
Contrary to the popular belief, not only is the
Oath not authentic, but the most famous phrase in
medicine, primum non nocere (first do no harm),
is not originally by Hippocrates either.8 The ubiquitousness of this principle can be demonstrated
by a quick search of the PubMed database, which
returned 634 occurrences in titles of scientific
papers published between 1955 and 2020. The
Latin phrase was first used by mythologist and
physician Thomas Inman.9 But it is true that Hippocrates mentioned this principle in his book Epidemics 1, saying: “As to diseases, make a habit of
two things – to help or at least do no harm. The
Art has three factors, the disease, the patient, the
physician. The physician is the servant of the Art.
The patient must cooperate with the physician in
combating the disease.”10
As far as the Oath itself is concerned, its history
is assumed to start around 400 BCE. The earliest existing fragment dates from 275 CE (Figure
3). The first historical source which mentions
it, commenting on the prohibition of abortion,
comes from the physician of the Roman emper-
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Figure 3: The oldest
fragment of the
Oath (c. 275 CE);
Papyrus Oxyrhynchus 2547.

or Claudius Scribonius Largus (c. 1-50). Religious
thinkers of the Middle Ages adapted the text of
the Oath to their own world views, just like they
did with the philosophy of Plato and Aristotle
(Figure 4). The original text of the Oath in Old
Greek was lost for a while, and then re-surfaced in

Figure 4: The Oath
written in the shape
of a cross (12th
century); Vatican
Manuscript Urbinus
64. folio 116.

1508 (Figure 5). The first translation of this original version was into French and was used at the
Montpellier medical school graduation ceremony
in 1804. It was translated into other languages
of the world as well, but its use did not become
widespread in medical education and practice.11
The situation took a drastic turn after the 1946
Nuremberg trials in which Nazi physicians were
indicted and charged for medical crimes committed in World War II. Consequently, the number of
medical schools using some version of the Oath
increased from 29 % in 1928 to 98 % in 1993.12
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Figure 5: The content of the first translation of Hippocrates’
works into Latin, translated by Marcus Fabius Calvus (1526).

The original Hippocratic Oath endures in only 2 %
of medical schools, while most others adopted a
significantly revised version. Further, all modern-day modified versions of the Oath abandoned
the prohibition of surgery and tuitions; 50 %
mention punishment for violating the oath, 8 %
invoke higher powers, 14 % prohibit euthanasia,
8 % prohibit abortion and 3 % prohibit sexual intercourse with a patient.13 Today, many schools
use a contemporary successor of the Hippocratic
Oath in the form of the World Medical Association
(WMA) Declaration of Geneva (1948) or the 1964
rewrite by Louis Lasagna, the then Dean of the
Tufts University School of Medicine. Some medical schools asked their students to draft their own
oaths which they would later officially take.14

The Physician’s Oath
Before the contents of the Oath is analysed in
this paper, the difference between an oath and
a promise should be clarified. An oath carries
more moral weight because it is not an everyday declaration of intent like a promise is.15 An
oath is formal and solemn, taken exclusively in
public before an entire community, the most sacred of the members of a tripartite relationship
(I–Sacred–You). It is impersonal and applies to all
persons in general. It is not context-dependent,
nor limited in duration, it is binding for life. A violation of the Oath is highly detrimental to the
honour and reputation of the offender, because
it defines not only what one is supposed to do,
but what kind of a person one should be. This is

why oaths are taken by other occupations significant for the social community, such as presidents, judges, soldiers and teachers. On the other
hand, a promise is an assurance given to another
about the intention of our moral action, by carrying out or restraining from future action. It is
made informally and privately in a bipartite relationship (I–You). It is always personal, limited
in duration and context-dependent. A change of
circumstances can void the promise. For this reason, judgement may be passed for violation of a
promise, but it will not jeopardise the offender’s
integrity. Further, a promise and an oath must
be distinguished from an ethical code. A code is
a collection of systematised moral rules that distinguish desirable from undesirable behaviour.
A code explicitly and clearly lists what should or
should not be done. It does not invoke honour or
solemn oath-taking before a sacred entity. It is
subject to frequent amendments and modifications. An oath, a promise and a code are different
ways of expressing moral norms – the purposeful
and free acceptance of ethical standards in one’s
behaviour. Through socialisation their adoption
creates a uniform system of values which makes
a human community possible. Their adoption in
a professional context instigate an environment
of reliability, loyalty, benevolence and solidarity.
In terms of contents, the Oath can be divided into
two segments.16 The first segment is the covenant
to preserve medical knowledge through regulating the relation between the teacher and the
students. The second part is the code, comprising imperative norms towards treating diseases
(abortion, euthanasia, surgery) and correct bedside manner (sexual chastity and physician–patient privilege). The covenant begins by invoking
the gods as witnesses. The gods metaphorically
determine the course of treatment as a team endeavour. Apollo is first called upon, as the god of
healing, poetry and music (emphasizing the significance of subtle feeling and empathy), truth
and reason (exploring the natural causes of the
disease), prophecy (importance of prognostics
for the course of treatment), love for other people
(empathy for the diseased). In assuming divine
powers from his father, Apollo, Asclepius fully devotes himself to medicine and each of his daughters becomes a symbol for one of the branches of
medicine: Hygieia for epidemiology and public
health, Panacea for pharmacology, Iaso for nursing, Aegle for nutritionism, and his son Telesphoros for rehabilitation medicine. It is impossible
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to know for certain what Hippocrates’ religious
views were. The strict naturalistic approach in
his other papers contradicts addressing so many
gods in the preamble of the Oath. It seems most
plausible that this kind of introduction was taken
from earlier Homeric oaths as part of expressing
traditionally accepted morals to further strengthen the foundation and upholding of the oath. The
oath asks the physician to be at the same time the
creator of new knowledge as a student and the
guardian of acquired knowledge as a teacher of
new generations. The oath also asks for solidarity. Any acquired know-ledge which benefits patients should not be jealously guarded, but rather distributed with one’s colleagues. Colleagues
should be respected and assisted like brothers. In
insisting on education and moral instruction for
new generations, Hippocrates is similar to Socrates.

The Physician's Code
The Oath contradicts itself when it comes to abortion. Abortion and infanticide were accepted and
practised in ancient Greece. According to social
consensus, motherhood and the establishment
of a family were desirable. However, at the same
time, abortion or abandonment of born children
was not deemed immoral. Motives for abortion
were different – danger to the mother’s life, children with deformities, economic status, desire
for male offspring, hiding adultery, preservation
of youthful good looks, loss of freedom through
childcare. Several methods of abortion were used
at the time, the most popular of which was mechanical perforation of the placenta. Others include vaginal suppositories made of cedar oil and
wool. Hippocrates also suggested repeated high
jumps.17 Embryotomy existed as a procedure as
well, but only as a last resort, when the foetus was
already dead and the mother’s life endangered.
Children from unwanted pregnancies were left
outside temples to be sold into slavery or taken in
by childless couples. Less caring parents carried
out infanticide most commonly by drowning. The
man had the right to make medical decisions on
the woman’s behalf, since he, as the provider of
the semen which the woman only nurtures, was
considered the only true owner of the foetus.
The traditional Greek physician was not opposed
to the patriarchy in the society, nor to abortion.
Representatives of the pro-life movement are
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therefore wrong in claiming that medicine was
against abortion from the very beginning of the
practice. It is most likely that the Oath only prohibits one of the abortion methods – the use of
destructive medicaments that would be harmful
for the mother. The first mention of the foetus
as a person and abortion as murder comes half a
millennium after the Oath was drafted, from the
Roman physician Scribonius Largus. He believed
abortion should be prohibited because it violates
the fundamental goal of medicine – the protection
of health and preservation of life. His interpretation of the prohibition of abortion was adopted by
all subsequent translations of the Oath.
The Oath is also in contradiction when it comes to
euthanasia. Hippocrates is against it in the Oath,
but allows it elsewhere, saying that the task of the
art of healing, apart from relieving patients from
pain, is to refuse treating incurable diseases.17
It should be noted that the ancient Greeks had a
specific understanding of death. Death is completely natural and an expression of human essence. Gods differ from man precisely in their immortality. By nature, man is constrained by fate
and death. The most exalted thing a person can
do in life is to fulfil their destiny/purpose and to
have a good death. This understanding of human
life gave Greeks two interpretations of death. The
first is the desirable death of a hero, when a sacrifice is made in order to fulfil the destiny or when
one’s honour should be restored, tarnished by
previous wrongdoings.
The second is the undesirable and ignominious
death of a coward; one escapes life because of
poverty, lack of purpose in life or desire to join a
loved one in the afterlife. In such an understanding of death, euthanasia did not have a negative
connotation. On the contrary, it signified a good
death, a desirable death with as little pain as possible. It is only later that it developed the medical
connotation of assisted suicide. Like abortion, euthanasia was common practice in the Greek society. Euthanasia with consent was allowed as an
act of mercy, while euthanasia without consent
was condemned as murder.
Discussing the value of life, philosophers of classical antiquity offered various answers to the question of the morality of abortion and euthanasia.
A group of philosophers who advocated ascetic
morality and viewed life as sacred, forbidding its
early termination either by abortion or euthanasia, were the Pythagoreans. According to Pythag-
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oras, the soul which enters the body at conception
represents the greatest value. The body is material, its destiny is to decay and die; the soul is of
divine origin and its destiny is to be purified by
virtue of a moral life and to ascend to its spiritual
source. A person who leads a morally wrong life
demeans their soul, which is therefore forced to
return, after death, to the material world in some
other physical shape. It is for this reason that Pythagoras forbids abortion, euthanasia, suicide
and eating meat, because these deeds are immoral and void the value of the soul.
Plato agreed that the soul holds great value, but
unlike Pythagoras, he believed that its entry into
the body does not happen at conception, but rather at birth, when the baby draws its first breath.
In order to create the perfect state, aside from
abortion, Plato suggests eugenics as well, imposing a law which would forbid persons who are
not in their peak years (25–55 for men and 2040 for women) to procreate. Such children would
be born physically and mentally underdeveloped,
which would pose a substantial burden on the
entire community. Plato allows withdrawal from
treatment (passive euthanasia) in case of a terminal illness followed by great pain but forbids
administering lethal poison (active euthanasia).
His famous student, Aristotle, also expresses the
importance of planned reproduction, because
overcrowding soon breeds poverty and immorality. Unlike his teacher, Aristotle does not view the
soul in religious terms. The soul is a vital principle of life and is inseparable from the body. The
soul cannot transcend death. It vanishes as the
body does, just as sight vanishes as the eye does.
The only way for a person to transcend death is
through noble deeds and through offspring. Everything that is alive possesses one of the three
forms of the soul: a vegetative soul which belongs
to the plant life, a sensitive soul which animals
possess, while humans are the only creatures
which possess a rational soul. Aristotle’s view is
that abortion is morally permissible before the
animalistic soul comes about (40 days after conception for male children and 90 days for female
children). Aristotle forbids euthanasia as an expression of weak character and submission to the
disease. A virtuous man dies bravely, not like a
coward with a defeated spirit.
In the most significant philosophy of the Graeco-Roman times after Aristotle, Seneca, a Stoic
philosopher, also believed that the soul is received
at first breath. Up until then the foetus was part

of the mother, just as a piece of fruit was part of
the tree, so abortion is completely justified, while
infanticide was forbidden. Seneca allowed euthanasia, believing that man is a rational being, fully
entitled to heroically take his own life in defiance
of a predetermined destiny. Epicurus would add
that death is not something to fear, because for as
long as we exist, there is no death and when death
comes, we are no more.
The segment on prohibiting surgery also invoked
differing interpretations, so it was assumed that
surgery was not entirely banned, but rather that
it was a prohibition of the removal of gallstones,19
kidney stones20 and testicles,21 a Pythagorean disapproval the disfigurement of the human body,22
or that surgery was indeed banned, but that the
segment was added much later to differentiate
between the specialisation of physician and surgeons.23 Whichever interpretation one accepts, it
is clear that Hippocrates believes that high-risk
life-threatening surgery is a serious medical mistake. Mistakes continue to be a serious issue in
modern-day medicine, often covered up for fear
of financial lawsuits, bad publicity, loss of good
reputation and the patients’ trust.24 Later on in
the Oath, Hippocrates emphasises the importance of safeguarding the patient’s trust. Confidentiality between the physician and the patient
was extremely important in classical antiquity,
when modern laboratory diagnostics were not
available. A patient shares numerous confidential
information with their physician (sexual orientation, abuse of narcotics, use of birth control, abortion, psychiatric care) with the intention of keeping it secret, and not a source of gossip. Abuse
and disclosure of this information is immoral because it violates the patient’s privacy and confidence in the physician, without which the patient
could withhold information which is crucial for
their treatment. Hippocrates condemns sexual exploitation as a particular violation of trust,
because it significantly damages the integrity of
medicine and the well-being of the patient.

The Physician’s Decorum
Aside from the Oath, Hippocrates devoted four
more texts to morality and decorum of physicians.
The text entitled The Law comprises notes from a
public speech given at a time when there was no
state-organised medical practice, which was full
of charlatans looking for quick money. Under the
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influence of stoic philosophy, it demands that prior to taking on medical practise, physicians first
must obtain proper education and that one who
is not naturally predisposed to be a physician is
rejected from the profession. “The learning of
medicine may be likened to the growth of plants.
Our natural ability is the soil. The views of our
teachers are as it were the seeds. Learning from
childhood is analogous to the seeds falling betimes upon the prepared ground.”25 The text Physician teaches us about the good manners which
any medical practitioner should nurture. In order to gain the respect of the people and to attract patients, a physician must epitomise health,
should wear decent clothes, should be clean and
have a pleasant scent. They must be controlled,
calm and kind, just, close to the patient, serious,
but not strict.26 The book Decorum was not meant
to be published. It is a set of fragmented notes
for public lectures on proper behaviour towards
the patient.27 It requires physicians to possess
the virtues of a stoic sage: wisdom (to know the
difference between good and bad), courage (to
know what to fear and what not), self-control (to
know which urges to support, which to moderate,
and which to ignore). It requires physicians to
make gracious speeches, build a good reputation,
be merciful to those who are ill and do not have
money to pay for treatment, anticipate problems,
respond to questions and objections, examine patients carefully, visit and encourage the patient
frequently, task his students with overseeing the
administration of therapy. The book Precepts was
written in a vague aphoristic style with a noticeable influence of Epicurean philosophy. The first
part of the text points out that medicine must be
based on the observation of the facts and verification of hypotheses. The second part of the text
expresses humanism: “For where there is love of
man, there is also love of the art.”28 It is advised
that the treatment is charged only after successful completion and that the poor are treated completely free of charge; that expensive gifts should
be refused, because they damage one’s reputation; but also that it is unbecoming to honour a
patient’s gratitude by accepting symbolic gifts.
Fellow physicians are referred to as “brothers
in art” and forbids any kind of jealousy as a sign
of an unrefined character. It offers several other
pieces of advice on how to keep a successful practice and achieve high reputation, give public lectures, treat charlatan healers and cope with the
patients’ whimsy.
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The Currency of the Hippocratic
Oath
A few objections can be made to the Hippocratic Oath. As it is presented, most of the Oath does
not address treatment. The parts on abortion and
euthanasia are not so direct and are therefore
subject to various interpretations. The responsibility of the physician towards the community is
not defined. Slavery as a social system is accepted.
There is no clearly defined punishment for violation of the oath. On that note, Plato added to it
the suggestion that a physician who deliberately
administers poison to a patient should be put to
his death by the same means and if his negligence
causes a patient's death, he should be put to public
trial.29 It lacks the cooperative model of the physician–patient relationship.30 The physician makes
paternalistic decisions on everything and the patient’s only task is to obey.31 Other objections are
that it is pagan, contrary to the values of the Judeo-Christian West;32 that it is out of date because
it is based on obsolete medicine and is not suitable
for the modern-day research-based pharmacology and modern technologies;33 or that it is incomplete and fails to express all the values of medical ethics: non-maleficence (primum non nocere),
beneficence (act in the interest of the patient),
confidentiality (secrecy in the physician–patient
relationship), dignity (the patient is entitled to being treated with respect), autonomy (the patient’s
right to refuse or chose the course of treatment),
fairness (equal distribution of benefits and risks).
It can be said that the Oath explicitly states the
first value and implicitly the second one. It would
agree with the third and fourth, while it would not
recognise the fifth and sixth value.34
It is because of these objections that one can rightly ask how relevant the Hippocratic Oath is for
modern-day man. Contemporary society has witnessed vast scientific and technological advancements and significant economic and geopolitical
changes. Today’s students who put on their white
robes for the first time, face technologies which
were unknown to Hippocrates. One can only imagine what Hippocrates would think if he were to attend complex remote-controlled surgery using robotics, heart transplants, the use of radiology and
ultrasound in diagnostics, mechanical respirators
and artificial organs. He would certainly have been
amazed with the progress, but it is hard to imagine
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he would be happy that his medicine has become
a profitable industry, that it forgot about the patients and turned them into anonymous numbers,
turned treatment into a list of administrative procedures and medicine into a business model.
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Abstract
Pharmacy activity in Bosnia and Herzegovina was regulated in 1879 by an Order
of the Provincial Government, at the beginning of the Austro-Hungarian occupation. The pharmacy owner had to have a doctorate in chemistry or a master's degree in pharmacy obtained at an Austro-Hungarian faculty. The Law on Pharmacies was adopted in 1907.
The first modern pharmacy in Banja Luka was opened by Moritz Brammer in
1879. The pharmacy was inherited by his son Robert, who had sons, Ernest, Hans
and Alfred, pharmacists. Ernest inherited father's pharmacy, where he worked as
of 1921. Hans, also a writer and a publicist, worked in this pharmacy (1921-1930).
He emigrated to Israel in 1949. Before World War II, Alfred owned a pharmacy
and a drugstore in Zagreb. The Brammer family, a well-known one in Banja Luka,
contributed greatly to the cultural and social development of the city in the time
in which they lived.
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Introduction
Little attention was paid to the health of the population during the Ottoman rule, so the health and
hygiene conditions of the population were poor.
There were very few trained medical professionals and patients were entrusted to ignorant, often
speculative people without any medical education, except for some doctors who were educated at the Imperial Military School of Medicine in
Constantinople and thus people's health and lives
were often victims of their ignorance.1 However,
there were many barbers (they presented themselves as surgeons), charms, sorcerers, Jewish
doctors-hakims, Jewish and Muslim attar-druggists, traditional and herbal drug sellers. The
Austro-Hungarian authorities tried to suppress
quackery and forbade such people to work.2

Austro-Hungarian Monarchy had great impact
on healthcare in Bosnia and Herzegovina as the
health conditions in the country changed significantly. At the beginning of the occupation,
the Austro-Hungarian government sent a public
invitation to all interested educated personnel
in the Monarchy to settle in Bosnia and Herzegovina. Among the first to settle were Austrians,
Germans, Hungarians, Ashkenazi Jews, Poles and
Czechs, experts in various professions, including
doctors, veterinarians and pharmacists.3 This period marked a significant reversal, as the Europeanisation of medicine and pharmacy began from
that time. The organisation of the health service
according to the canons that ruled in the Monarchy itself was approached at the very beginning.
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The pharmacy service was regulated in 1879 by
the Order of the Provincial Government, as a craft
rather than a health service. For an independent
management of the pharmacy the owner or provisor had to have a doctor's degree in chemistry
or a master's degree in pharmacy obtained at an
Austro-Hungarian faculty.4 As of then, the opening of an increasing number of public civil pharmacies has begun. Concessions for the opening
of pharmacies were mostly obtained by pharmacists from other parts of the Monarchy as there
were no domestic ones available. The Law on
Pharmacies was adopted in 1907.5 After almost
30 years, the pharmacy service was regulated in
a more comprehensive way, although public pharmacies still remained within the craft service.
The first public pharmacy with a graduated
pharmacist was opened in Banja Luka in 1879.
This also meant the closure of the Kalma Altarac pharmacy who had no diploma. He inherited
the pharmacy from Isak Papo, one of the military
doctors (hakims) who came to Banja Luka with
the army and treated the citizens along the way.
The second pharmacy was opened in 1890 by
the pharmacist Otto Löschner, which was taken
over by the pharmacist Tomo Mirković in 1907.6
Over 40 years, from the Austro-Hungarian occupation to the end of the First World War, only
two pharmacies operated in the city despite the
population growth. When the first pharmacy
was opened, the city had 9,560 inhabitants,7 and
in 1910, 14,800 inhabitants.8 An attempt to open
the third pharmacy in 1912 was not realised, as
the opinion regarding jeopardised survival of the
existing pharmacies due to the predominantly
poor population was submitted to the Pharmacy
Guild by the two already operating pharmacists.
The aim of this article is to present the family of
pharmacists Brammer, whose three generations
have run the pharmacy in Banja Luka since its
founding in 1879.
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Figure 1: Brammer pharmacy (left), Serbian Reading Room
(right), 1898-1899.

Austro-Hungarian Army on 30 December 1878
and opened the pharmacy on 1 April 1879. The
house with the pharmacy was located at the beginning of the Gospodska street, next to the house
where the Serbian Reading Room was (Figure 1).
At the beginning of the 20th century a restaurant
and cafe Balkan was built,6 and the spatial and
decorative solutions of the pharmacy and cafe defined the Gospodska Street (Figure 2). The architectural forms and decorations of the pharmacy
building, in terms of its representativeness and
general construction concept, later served as a
model for future buildings in this street.9

Figure 2: Cafe Balkan on the right corner, next to it Brammer's
pharmacy with a protruding bay window, before 1930.

First modern pharmacy in Banja
Luka
Moritz Brammer, a Hungarian Jew, opened the
first modern pharmacy modelled on the European ones and was succeeded by his son and later
grandchildren. He received the concession from
the Military Command of the 2nd Army of the

A written trace of the work of this pharmacy was
found in advertisements in newspapers from that
time. During the 19th century, advertising of various products available in pharmacies became
more visible in daily newspapers, magazines and
other publications, because the press became
more accessible to the general population and
advertising began to contribute significantly to
their sales. Thus, various products for the care of
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Figure 3: Advertisement for Nestle milk for children available
also at Mr Brammer's pharmacy, 1887.

teeth, mouth and body of Dr Popp from Vienna,
advertised in 188410 and Nestle milk for children
in 1887 (Figure 3)11 could also be found at the M.
Brammer’s pharmacy.

The next generations of pharmacists of the Brammer family
Robert Brammer (26 February 1870 – 22 February 1916) graduated on 28 July 1892 in Vienna. He inherited his father's pharmacy and by a
Decision of 2 October 1892, the Provincial Government for Bosnia and Herzegovina granted him
a concession for the further management of the
pharmacy.6 The name of the pharmacy was “To
the Golden Snake“ (Zur Goldenen Schlange). It was
registered in the Register of Independent Companies on 27 May 189312 and, as a craft service,
in the Trade Register of the City of Banja Luka as
well.13 He was married to Jozefina, née Büchler
(20 March 1880 – 14 June 1959) and they had
sons Ernest, Hans and Alfred, later also pharmacists. A document from the period of his work is
shown in Figure 4. It is a notification sent to Mr
Brammer by the Banja Luka District Government
in May 1899 that he was sending the pharmacy's
prescriptions for retaxation to the district physician Dr Januszewski (Figure 4).14 Drug bills for
the medicines dispensed to the city hospital were
later submitted for examination and retaxation,
too.15

Figure 4: Pharmacist Robert Brammer's prescriptions sent for
retaxation to a district doctor Januszewski, a cover letter, 1899.

He was a member of the Steering Board and
vice-president of the Directorate the First Banja
Luka Savings Bank Ltd. This was the first bank
established in Banja Luka in 1894 and its founders and shareholders were also settlers, pharmacists Brammer and Löschner. Brammer was on
the Steering Board from 1906 until his death, and
a vice-president from 1912.16 He was one of the
founders of the Serbian Reading Room and the
Directory of Founding Members preserved from
1914 was published in the newspaper the Vrbaske
novine in 1938 as an example of helping cultural
folk institutions that can serve as an incentive for
the younger generation.17
Pharmacies were subject to inspections in accordance with regulations. According to the 1905
inspection report, the handling of the pharmacy
was orderly and impeccable and the dispensing
and sales of medicines was carried out properly (Figure 5).6 Subsequent examinations also
showed a perfect condition without any objec-
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Figure 6: Advertisement for "Brammer hair water", 1906.

After the early death of Robert Brammer, the
pharmacy owners became his widow Jozefina and
their three underage sons. In that case pharmacy
had to have a provisor who was a pharmacist. By
the decision of the Provincial Government of 24
July 1916, the provisor of the pharmacy became
Binim Bleiberg, born in Narayov (Galicia) and
graduated in 1914 in Lawow. The pharmacy was
registered in the Register of Socially-owned Companies on 16 June 1919, from which the underage
sons were deleted on 21 April 1934.23

Figure 5: A prescription for a medicine dispensed at R. Brammer’s pharmacy „Zur Goldenen Schlange“ ("To the Golden
Snake“), 1905.

tions from the commission to the work of the
pharmacy.18 Brammer's hair water preparation
was advertised in a newspaper (Figure 6).19
Robert Brammer has supported numerous charitable activities for the benefit of various societies
and their beneficiaries through voluntary financial contributions. At a party held for the benefit
of the Gajret, Sirotište and Fadilet Societies on 19
February 1914, he donated 10 Crowns,20 to the
Fund for Widows and Orphans of Fallen Heroes in
1915, 100 Crowns,21 and 50 Crowns at a charity
concert in favour of the Red Cross held the same
year. At that time, Brammer was among those
who donated larger sums.22

Robert Brammer's house and the Balkan cafe
were demolished in 1930 to build the object of
Ban’s Palace (Banski Dvor). In 1936, the pharmacy moved to a building located across the former
pharmacy. Built on two floors, it was among the
taller and more modern ones. Jozefina Brammer,
the owner of the house, addressed the city administration in 1935 with a request to be allowed
to adapt the house, which was in a neglected
construction condition. After the adaptation, the
value of which was 60,000 dinars,24 the pharmacy itself was larger, more spacious and gave the
appearance of a metropolitan pharmacy.25 The
house of Aleksandar Masleša, father of Veselin
(revolutionary and People’s Hero of Yugoslavia),
was bought and adapted.26
The pharmacy was inhereted by Ernest Brammer, called Puba (22 September 1899 – 11
March 1960) (Figure 7, Figure 8). He attended
the Great Real Gymnasium in Banja Luka in the
school year 1909/10 and graduated in 1917/18.27
He studied pharmacy in Zagreb (1919-1921),
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Figure 8: Ernest Bramer, first on the right, around the 1950s.

ees of the Brammer pharmacy were pharmacists
Adem Kovačević and Slavko Flegar. The decision
to return the pharmacy ownership to Ernest
Brammer was made in 1945. A two-storey family house at Veselina Masleše Street 18, with two
apartments and business premises, came under
nationalisation in 1958 when the pharmacy was
nationalised.27
Figure 7: Ernest Brammer, 1924.

He was married to Franciska Šolić (1903-1995),
called Zula, and had no children. Since 1914, the
Brammer pharmacy has had a telephone with the
telephone number 9.30 In 1933, Ernest Brammer
was elected a member of the Steering Committee
of the Tennis Club.31 He was also engaged in philately. In 1937 he was elected member of the Supervisory Board of the Philatelist's Association32
and was a member of the Philatelist’s Federation
of Bosnia and Herzegovina.33

Ernest Brammer worked in his father's and then
his own pharmacy from 1921 to 1944, as an intern, a pharmacist and the pharmacy provisor.
From then until 1945, he worked in the free territory in partisan pharmacies in Sanski Most, Jajce
and Travnik and in his own pharmacy until takeover by the City Pharmacies Banja Luka in 1948.
He was admitted to the civil service with the title
of pharmacist and was recognised for his work
in the private service in the period 1921-1948. In
the City Pharmacies Banja Luka, he performed
professional-scientific, organisational, administrative and practical work. As he had over 28
years of service in his profession, in 1951 he was
exempted from taking the professional exam. In
1953 he was appointed as director of the Head
Office of the City Pharmacies in Banja Luka.28
He was buried in the family tomb at the Mirogoj
Cemetery in Zagreb, together with his parents,
wife and brother Alfred.

On the list of Jews arrested and separated for
transportation to the Jasenovac concentration
camp, composed on 29 July 1941 by the Ustasha Police Directorate, he was also registered,
but was released from prison by Anton Rebac.
During the operation of the Ustasha headquarters, the pharmacies of the Jewish owners had
commissioners, who paid them a monthly fee for
working in the pharmacy. The owners and trust-

Hans Brammer (22 September 1903 – 13 April
1989) completed the First Public School for Boys
(1909 - 1913), the Great Real Gymnasium (1913 1921) and gratuated pharmacy in 1925 in Zagreb.
He was fluent in German, English, Hebrew and
French. As of 1922 he worked in his father's pharmacy.27 In a personal description of the request
for issuance of the passport in 1928 was stated that he was of medium height, had oval face,

graduated with honours in 1921 and began working in his father's pharmacy the same year.28 In a
personal description of the request for issuance
of the passport in 1921 was it stated that he was
of medium height, had oval face, black hair and
eyes and wore glasses.29 He often travelled to
Germany, Austria, Italy, Czechoslovakia, France
and Hungary for conducting business.
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brown hair and eyes and wore glasses. He often
went on scientific and business trips to Austria,
Italy, Hungary, Switzerland and Germany.34 From
a young age, he participated in the work of the Zionist youth in Banja Luka.35 He married Flora Salom in 1930 (29 November 1903 - ?) and has lived
in Zagreb ever since. They had a daughter, Maja.
During 1930, he expanded the activities of the
pharmacy, which has since operated as a medical drugstore called Vesna. By the decision of
the Ustasha headquarters, the shop was sold to
Slavica Maričić on 10 June 1941.36 With an engineer A. Miljević, he was a co-owner of the chemical-pharmaceutical company Mibra in Zagreb,
13 Svačič Square.37 In the interwar period (19391941) and after 1945 he was a co-owner of Saint
Trinity Pharmacy in 43 Ilica Street (Figure 9).38
This pharmacy still operates at the same address
within the City Pharmacy Zagreb, and its Art
Nouveau appearance has not been preserved over
time.

Figure 9: Medicine bottle from the
Saint Trinity Pharmacy, Zagreb, coowned by Hans Brammer, around
1935.

He was arrested in Zagreb in 1943 and detained
in a military prison for six months and afterwards sent to the Military Pharmacy in Bosanski
Brod. In 1944, he escaped to the free territory ,
controlled by the Yugoslav Partisans (officially,
National Liberation Army and Partisan Detachments of Yugoslavia) and was a pharmacy officer
in the XII Assault Division.27 He emigrated to Israel in 1949 and settled in Jerusalem, where he
opened a pharmacy in the city centre. He was also
a journalist and a writer. He published poems,
short novels, dramas, literary essays, articles and
stories in many newspapers and magazines. He
wrote poetry and prose in the newspapers Gideon
and Hanoir, dealt with Jewish history and collaborated with Pinkas Hakehilot, the Encyclopaedia of
Jewish Communities in Yugoslavia. The pharmacy, next to his home, served for years as a meeting
place for members of the Bulletin of the Associ-
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ation of Immigrants from the Former Yugoslavia
(Hitahdut Olej Jugoslavia) in Israel called GešerMost (the Bridge) whose one of the founders and
editor he was.35
Alfred Brammer (30 August 1912 – 18 July
1985) graduated in the school year 1929/30 at
the Real Gymnasium in Banja Luka.27 He graduated pharmacy in 1938 in Zagreb, and was the owner of a pharmacy and a store of hygienic and sanitary materials in Zagreb, Frankopanska Street,
before Second World War. He joined the Yugoslav
National Army as a pharmacy officer of the XV
division. After the war he returned to Zagreb,35
remained in the Army and retired as a Colonel,
Medical Corps. He was a holder of four military
decorations.39

Conclusion
The Brammers were one of the famous families in Banja Luka, who contributed a lot to the
cultural and social development of the city in
the time in which they lived. With the pharmacy business they positively contributed to the
development of the health situation in the city
over time, as well as to the community development with their different interests, together
with the contemporaries they lived with.
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Instructions to Authors
Scripta Medica (Banja Luka) is an Open Access Journal, abstracted/indexed by EBSCO, Google Scholar,
SCIndeks, Crossref and DOAJ. All articles can be downloaded free of charge from the web site (http://www.
scriptamedica.com/en) under the license: the Creative
Commons Attribution 4.0. International (CC BY 4.0)
(https://creativecommons.org/licenses/by/4.0/).

Papers should be prepared in accordance with the Vancouver Convention.

Scripta Medica publishes only papers not published
before, nor submitted to any other journals, in the order determined by the Editor-in-Chief. Any attempted
plagiarism or self-plagiarism will be revealed by the
plagiarism detecting software iThenticate. When submitting a paper to the Scripta Medica electronic editing
system (http://aseestant.ceon.rs/index.php), the following should be enclosed:

Preparation of the manuscript
Parts of the manuscript are: Title page; Abstract with
Key words; Text; Acknowledgements (optional), References.

1) a statement signed by all the authors that the paper, entirely and/or partly has not been submitted
nor accepted for publication elsewhere,
2) a statement specifying the actual contribution of
each author,
3) no conflict of interest statement that make them
responsible for meeting any requirements set.
Subsequently, each paper passes through a reviewing
and editing process at the SCIndeks editorial platform.
The manuscripts submitted to the Scripta Medica pass
the peer-review process. No processing or publishing
fees will be charged.
Scripta Medica publishes: editorials, original articles,
review articles, current topics, special articles, professional articles, history of medicine articles, case
reports, letters to the editor, book reviews, congress
reports, proceedings, obituaries and other.
Papers should be written on PC or MAC, using 12 pt
font, single-spaced, with 4 cm left margin. Bold letters
should be reserved for subtitles. Expressions like in
vitro, in vivo, in situ and other ones taken from Latin
should be written in italic. Routes of administration
should be written without dots (eg im, instead of i.m.)
For all other situations, the University of Oxford Style
Guide should be consulted. Original articles, reviews
and articles from history of medicine should not exceed
16 pages; special articles 10; case reports 6; letters to
the editor 3, and congress reports and book reviews 2.
All measurements should be reported in the metric
system of the International System of Units (SI), and
the standard internationally accepted terms (except
for mmHg and °C).
MS Word is recommended for word processing. Illustrations should be made using standard graphic formats (*pdf, *Ai, *cdr).
Photos should be delivered in *jpg format, 1:1, 300 Dpi
as separate files.

Scripta Medica uses the British spelling of the English
orthography. American spelling should be limited to
the official titles of the US institutions and the references only.

1. Title page
a) The title should be concise but informative, while
subheadings should be avoided. Words in the title
should be capitalised according to the Rules of the
AP Title Case.
b) Full names of the authors marked with ascending
Arabic numerals in superscript (eg 1, 2, 3).
c) Exact names and places of department(s) and
institution(s) of affiliation where the studies were
performed, city and the state for any authors, clearly
marked by standard footnote signs;
d) Contact data of the corresponding author.
2. Abstract and key words.
The second page should contain the title of the article
and a structured abstract (250-300 words for original
articles). In short, clear sentences the authors should
write the Background/Aim, major procedures – Methods (choice of subjects or laboratory animals; procedures, methods for observation and analysis), the
obtained findings – Results (concrete data and their
statistical significance), and the Conclusion. It should
emphasize new and important aspects of the study or
observations. A non-structured abstract of maximum
150 words should be used for editorials, review articles, current topics, special articles, professional articles, history of medicine articles and case reports.
Letters to the editor and obituaries do not have an
abstract. Below the abstract 3-5 key words should be
provided that describe the topic of the article. The key
words should be selected from Medical Subject Headings (MeSH). Letters to the editor and obituaries do not
need to have key words.
3. Text
The text of the articles includes the following chapters:
Introduction, Methods, Results and Discussion. Longer
articles may need subheadings within some sections
to clarify their content. Case reports should have four
sections: Introduction, Case history, Discussion and
Conclusion.
Introduction. After the introductory notes, the aim of
the article should be stated in brief (the reasons for the
study or observation), only significant data from the literature, but not extensive, detailed consideration of the
subject, nor data or conclusions from the work being
reported.
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Methods. Selection of study or experimental subjects
(patients or experimental animals, including controls)
should be clearly described. Methods, apparatus (manufacturer's name and address in parentheses) and procedures should be identified in sufficient detail to allow other workers to reproduce the results. References
should be cited for established methods, including the
statistical ones. Identify precisely all drugs and chemicals used, with generic name(s), dose(s), and route(s)
of administration. Statements on the study approval
by the Ethics Committee for human or animal studies
should be included.
Results should be presented in logical sequence in the
text, tables and illustrations. Emphasise or summarise
only important observations.
Discussion is aimed to emphasise new and significant
aspects of the study and conclusions that result from
them. Relate the observations to other relevant studies.
Conclusion should be linked with the goals of the
study, but avoid unqualified statements and conclusions not completely supported by your data.
Tables
Each table should be typed single-spaced on a separate
sheet, numbered in the order of their first citation in
the text in the upper right corner and supplied with a
brief title each. Explanatory notes are printed under
a table. Each table should be mentioned in the text. If
data from another source are used, acknowledge them
fully. Each table should be named in order to indicate
the author's name the number of the table, (eg Johnson_Table 1). The place of the table in the text should
be marked as in the following example: “(Table 1 near
here)”.
Illustrations
Any forms of graphic enclosures are considered to be
figures and should be submitted as additional databases in the System of Aseestant. Letters, numbers, and
symbols should be clear and uniform, of sufficient size
that when reduced for publication, each item will still
be legible. Each figure should be named in order to indicate the author's name and the number of the figure
(eg Johnson_Figure 1). If a figure has been published,
state the original source.
Captions for illustrations are typed on a separate page,
with Arabic numbers corresponding to the illustrations. If used to identify parts of the illustrations, the
symbols, arrows, numbers, or letters should be identified and explained clearly in the legend. The method
of staining and magnification in photomicrographs
should be explained. Captions should be detailed
enough to allow for understanding of the content of
the figure without previous reading of the text. The
place of the figure in the text should be marked as in
the following example: “(Figure 1 near here)”.

Abbreviations and acronyms
Authors are encouraged to use abbreviations and acronyms in the manuscript in the following manner:
abbreviations and acronyms must be defined the first
time they are used in the text and thereafter must be
consistently used throughout the whole manuscript,
abbreviations should be used only for terms that appear more than three times in text; abbreviations
should be sparingly used. Use of abbreviations in the
titles should be avoided. Even if used after its definition in the abstract, the same definition and repetition
of the abbreviation should be performed the first time
it is used in the text. In order to assure self-explanatory nature of the tables and figures, abbreviations
and acronyms should be defined in the captions and
then introduced, irrespective of whether it was done
earlier in the text.
4. References
References should be superscripted and numerated
consecutively in the order of their first mentioning
within the text. All the authors should be listed, but
if there are more than 6 authors, the first 6 should
be quoted, followed by comma and "et al". Abstracts,
secondary publications, oral communications, unpublished papers, official and classified documents should
not be used. References to papers accepted but not yet
published should be cited as ”in press“. Data from the
Internet are cited with the date of citation. Articles
from the e-journals should always contain DOI code.
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