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Principles of bioassay

In Sarajevo, for my daily research, I used a bioas-
say with frog rectus abdominis muscle to deter-
mine acetylcholine level in various regions of the 
pigeon's brain. With this tool, I developed a meth-
od to estimate amounts of "free" and "bound" 
acetylcholine and Ulf Svante von Euler4 suggest-
ed that I should publish these findings in a good 
international research journal.5

Let me explain the principle of bioassay. It is an 
analytical method for determination of the rela-
tive strength (concentration or potency) of a sub-
stance by comparing its effect on a test organism 
(living animal, cells or tissues) with that of a stan-
dard preparation. Bioassays are used in pharma-
cology mainly to determine the concentrations 
of hormones or drugs, eg biologically active pep-
tides, acetylcholine, catecholamines, prostaglan-
dins, histamine and prostacyclin. However, there 
are other forms of bioassay in which one can use 
isolated tissues and determine actions of their 
nerves, such as the nerve to the diaphragm from 
rats. Bioassays may also be done in vivo in indi-
vidual humans. The assessment of drug effects 

in humans is designated by clinical pharmacolo-
gists as a clinical trial. Such trials often require 
hundreds or sometimes thousands of patients in 
order to test efficacy and safety of any new drug 
before it can be marketed. If the human investiga-
tions produce unexpected results, quite different 
of those obtained in the animal experiments the 
trials must be redesigned, to examine why and 
how this occurred. There are many examples of 
how such discoveries resulted in new clinically 
useful medications (eg, discovery antihyperten-
sive effect of beta-adrenergic blocking agents).6 
Accordingly, the pharmacologists have the bioas-
says, as a tool, which help them in the discovery 
process.

I wrote on the renowned pharmacologist Professor Ervin G Erdös and his scientific opus in my 
reminiscence article written on the occasion of his death in 2019.1 When I attended the Fourth 
International Congress in Pharmacology in Basel in 1969, Dr Ervin G Erdös invited me to join his 
laboratory. Thus, in April 1970, I arrived in Oklahoma City as a Fulbright Fellow to work with him 
for two years. Later on, as a visiting scientist I frequently worked in his research laboratories in 
Dallas and Chicago and we shared research interests through visits across the Atlantic between 
the former Yugoslavia and the United States.2, 3

How bioassay became a useful 
tool
In 1903, Rudolph Magnus, a German pharmacolo-
gist and physiologist, suspended an isolated por-
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Figure 1: Organ bath for isolated muscle preparations

Figure 2: Ludwig's original kymograph

2

tion of smooth muscle in a chamber containing 
nutrient fluids and measured changes in tissue 
tone.7 Sir Henry Dale, an English pharmacologist 
and physiologist, improved upon this with spe-
cifically designed organ baths (Figure 1) which 
are much like the ones used today. To record 
changes of isotonic pressure in contractile tis-
sues researchers attached a piece of thread to 
one end of a strip of isolated tissue and attached 
the other end to hold it upright within an oxygen-
ated organ bath; the thread was then connected 
to a stylus that would scratch a smoked sheet 
of paper wrapped around the kymograph drum 
(Figure 2). The smoked drum would turn to re-
cord the contraction or relaxation of a lever con-
nected to the smooth muscle organ with time. At 
the end of the experiment, recordings were pre-
served by immersing the paper in a liquid shel-
lac fixative and drying them. This bioassay was 
an extraordinarily laborious process, although 
it was used for many years to measure amounts 
of biologically active substances and it featured 
prominently in many important studies of that 
time.

The bioassay uses strips of various muscles (eg, 
frog rectus abdominis, rabbit aorta, rat uterus, 
rat colon and guinea pig ileum) for detection and 
quantification of minute quantities of biological-
ly active substances. John Vane, who won a No-
bel Prize in Physiology and Medicine in 1982, is 
among those scientists who used a special modi-
fication of the bioassay which perfused the lungs 
from a guinea pig with Krebs' solution and su-
perfused a rat colon with the effluent. With these 
studies he showed the conversion of inactive de-

When in 1970 I watched a technician, Ms Deb-
orah Downs, in Dr Erdös' Oklahoma laboratory 
doing a bioassay with a strip of rat uterus, I was 
astonished. She explained that this instrument, 
composed of a transducer and an electronic re-
corder (Figure 2), was Dr Erdös’ invention and it 
was described in a paper published in the Jour-
nal of Applied Physiology in 1962.9 Later on, in the 
Dr Erdös' laboratory (at first in Oklahoma City, 
then in Dallas and finally in Chicago) I used this 
original instrument and we published the data in 
several journals. Soon, miniaturised electronic 
devices for registration of isotonic and isomet-
ric muscle contractions became commercially 
available and widely used in many laboratories. 
The kymographs became history. We all mar-
velled this instrument, originally invented in the 
1840s by Carl Ludwig, a German physiologist, to 
monitor blood pressure in animals and only later 
used for the bioassay. Now, after more than half 
a century, thanks to Dr Erdös invention, we had a 
valuable laboratory instrument to replace those 
smoky kymographs.

Dr Erdös' laboratory surprised me 

capeptide angiotensin I to very biologically active 
octapeptide, angiotensin II.8 Such studies showed 
that the lungs have an important metabolic func-
tion; one that has become a field of research of its 
own.

Igić. Scr Med 2022 Mar;53(1):1-3.
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Figure 3: Schematic presentation of the first transducer (invented by Ervin G. Erdös) and electronic recording for isotonic contractions 
of smooth muscles. FIG. 1. Instrument for recording contractions of smooth muscles. 1 - inlet for Tyrode’s or De-Jalon's solution; 
2 - inlet for oxygen; 3 - outlet; 4 - muscle bath; 5 - balance arm; 6 - balance pan; 7 - differential transformer; 8 - balance support; 
9 - flexible copper wire; 10 - balance stand; 11 - adjustable balance support; 12 - fine sensitivity adjustment; 13 - coarse sensitivity 
adjustment; 14 - zero adjustment; 15 - demodulator box; 16 - recorder; 17 - recording pen; 18 - sensitivity control on recorder. FIG. 
2. Electrical circuit diagram.

3

A new technique for registering 
contractile responses of the 
isolated tissues

Could we ever expect that the mechanical sen-
sors would be replaced? In order to avoid the 
tissue damage caused by the hooks or threads 
used with mechanical transducers and to ob-
tain recording of contractions by monitoring the 
inner pressure, a new method used to measure 
blood vessel rings and other luminal organs, 
such as  the rat trachea, blood vessels and uter-
us.10 This method, using less complicated equip-
ment (transducers, classic organ-bath, etc.) is 
faster and less expensive for recording contrac-
tile responses. However, it is hard to predict the 
next-generation tool for measuring the contrac-
tile effects of drugs on various isolated tissues. 
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Abstract
Background/Aim: Antibiotic use and resistance represent a growing public 
health issue, with a specific risk of uncontrolled use of antibiotics in children. 
The aim of the study was to examine differences in parental knowledge, atti-
tudes and practices about antibiotic use in children between urban and rural 
areas of the Republic of Srpska. 
Methods: A cross-sectional study was conducted among 1459 parents of chil-
dren under 6 years of age, out of which 1201 (82.3 %) lived in urban areas while 
258 (17.7 %) lived in rural areas. The research is conducted among parents who 
brought their children to the selected primary healthcare centres and among 
parents of children in preschool institutions.  
Results: The majority of respondents (98.4 %) state that doctors are their main 
source of information. Only 61.2 % of respondents precisely know which drug is 
an antibiotic when offered different drugs and respondents from rural areas 
(54.3 %) more often (p = 0.012) gave more accurate answers when compared to 
respondents from urban areas (37.3 %). Among parents, 86 % agree with the 
statement that improper use of antibiotics reduces their effectiveness and leads 
to bacterial resistance, regardless of groups. More than a half of respondents 
(52.4 %) do not think that children with flu or common cold symptoms recover 
faster when they receive antibiotics, significantly more respondents from urban 
areas (p = 0.001). Respondents from rural areas significantly more often believe 
that antibiotics can produce harmful effects compared to respondents from ur-
ban areas (p = 0.049). Respondents from rural areas significantly more often 
think that antibiotic use can prevent complications caused by inflammation of 
the upper respiratory tract (p = 0.006). Parents from rural areas give their chil-
dren antibiotics without a paediatrician’s recommendation significantly more 
often (4.3 %) compared to respondents from urban areas (0.6 %) (p < 0.001).
Conclusion: There are differences in parental knowledge, attitudes and practic-
es regarding antibiotic use and antimicrobial resistance among parents in rural 
and urban areas. There is need for additional education of parents and for great-
er engagement of paediatricians in providing guidance and explanations regard-
ing the use of antibiotics.

Key words: Antibiotic prescribing; Antimicrobial resistance; Parents; Attitudes; 
Knowledge; Practice.
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Methods

The research was conducted in 2020 among 1459 
parents of children under 6 years of age who 
brought their children to the selected primary 
healthcare centres and among parents of children 
under 6 years of age that attend preschool institu-
tions in selected municipalities.

In Bosnia and Herzegovina, 40 to 60 percent of 
the population is living in rural areas according to 
the definition of the United Nations Development 
Programme (UNDP).13 There are several defini-
tions of “rural” in common use. Some of them are 
“area-based approaches” that typically define a 
region, municipality or province as rural or urban 
according to the population density while others 
have “settlement-based approaches” and classify 
individual settlements as urban or rural accord-
ing to their size or administrative classifications 
stipulated by state authority. According to 2020 
estimates, there are 1.136.274 inhabitants in the 
Republic of Srpska. Regarding settlement-based 
approach in the Republic of Srpska, four cities 
with urban status (Banja Luka, Derventa, Bijelji-
na, Istočno Sarajevo) and four municipalities with 
rural status (Foča, Berkovići, Ljubinje and Bileća) 
were randomly selected.

The cross-sectional study was conducted at the 
same time in all selected cities and municipalities 
and included all parents (legal representatives or 

Introduction

There is widespread public misconception on an-
tibiotic use and antibiotic resistance. Preschool 
children are at particular risk of receiving unnec-
essary antibiotics.1 Antibiotic abuse has become 
a global public health issue, especially due to the 
rapid development of antibiotic resistance, lead-
ing to high morbidity and mortality.2 Over the last 
few years, there has been an increase in antimi-
crobial resistance across Europe, with extreme 
differences in knowledge, attitudes and beliefs, 
with the highest level of misconception leading to 
the inappropriate use of antibiotics in southern 
and eastern countries.3-5

In the Republic of Srpska, many activities are be-
ing undertaken in the field of prevention of an-
tibiotic abuse and antimicrobial resistance. Ac-
cording to the regulation in the field of infectious 
diseases, there is the Committee for Antimicrobial 
Resistance Control in the Republic of Srpska. This 
Committee suggests adoption of the Antimicrobi-
al Resistance Program in the Republic of Srpska. 
Based on data from healthcare institutions, the 
Public Health Institute of the Republic of Srpska 
monitors use of antimicrobial drugs in the Repub-
lic of Srpska and prepares an annual report on an-
timicrobials use for the territory of the Republic 
of Srpska.

The studies about knowledge, attitudes and prac-
tices among parents were conducted in many sur-
rounding countries. Baseline data in the former 
Yugoslav Republic of North Macedonia in Septem-
ber 2014 before their intervention programme 
show that 40 % of parents believed antibiotics 
could kill viruses while one third of parents ex-
pressed dissatisfaction with doctors who would 
not agree with them on antibiotic use.6 In Greece 
parents have a trusted relationship with their pae-
diatrician and rarely give antibiotics without med-
ical advice.7 In the Turkey study, which was held 
between 14 December 2020 and 1 April 2021, 37 
% of parents believed that antibiotics could cure 
infections caused by viruses and 6.3 % of par-
ents declared that they put pressure on paedia-
tricians to prescribe antibiotics.8 In the Croatia, 
study from 2017 specifically compared parental 
knowledge and awareness between urban and 
rural areas and it was found that the knowledge 
about antibiotics was higher in urban parents, 
but it was not reflected on the level of antibiotic 
consumption.9 In Italian study families from 

low-income settings or those born abroad have 
significantly more misconceptions about import-
ant antibiotic practices.10 In the countries which 
are geographically far from Republic of Srpska, 
such as China, low levels of knowledge on the use 
of antibiotics and a high prevalence of self-med-
icating children with antibiotics were observed 
among parents in rural areas of this country.11 A 
total of 79.7 % of Palestinian parents were atten-
tive to the truth that antibiotic misuse is responsi-
ble for bacterial resistance, but 70.1 % would still 
give antibiotics to their child because they thought 
this would lead to a faster recovery.12

The aim of the present study was to examine dif-
ferences in knowledge, attitudes and practices 
among parents in urban and rural areas of the Re-
public of Srpska regarding antibiotic use in chil-
dren and antimicrobial resistance.

5Mijović et al. Scr Med 2022 Mar;53(1):4-12.
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Parental gender

     Male

     Female

Mother’s education

     Primary school

     High school 

     College

     University degree 

Father’s education

     Primary school

     High school 

     College

     University degree 

Family income

     Very low

     Low

     Average

     High

     Very high

Relationship with paediatrician

     Professional

     Friendly

     Familiar

Results

Out of 1459 respondents, 1201 (82.3) lived in 
urban areas, while 258 lived in rural areas. The 
majority of parents were female parents (75.5 %) 
and significantly more women from rural areas 
were surveyed (80.6 %) compared to urban ar-
eas (74.4 %) (p = 0.036). The largest number of 
mothers had a university degree (49.3 %), degree 
in secondary school education (43.1 %), college 
degree (5.3 % of mothers) and 2.2 % of mothers 
completed the primary school only. Significantly 
larger number of mothers from urban areas had 
a university degree (52 %) compared to mothers 
from rural areas (37.2 %) (p < 0.001). The large 
percentage of fathers (54.1 %) had a degree in 
secondary school education, 1.9 % of them com-
pleted the primary school, 6.9 % a college degree 
and 37.1 % university degree; no significant dif-

guardians) who brought their children to public 
preschools or to the primary healthcare centres 
and agreed to participate in the study and signed 
informed consent. The study was approved by the 
Ethics Committee of the Public Health Institute 
of the Republic of Srpska. Participation was vol-
untary and all collected data were encrypted and 
thus entered into the database.

A structured questionnaire, specially designed for 
this research, was used as a research instrument. 
Questionnaires were distributed to parents upon 
picking up their children from preschools.

The questionnaire consisted of 44 questions giv-
en in four chapters and was developed after re-
viewing the similar published studies.6, 7 It was 
pre-tested on 20 parents. The first chapter of the 
questionnaire included basic sociodemograph-
ic characteristics. The second chapter included 
questions about parental knowledge of antibiot-
ics. The third chapter was related to the parental 
use of antibiotics, knowledge, attitudes and be-
haviour. The fourth chapter examined parental 
attitudes towards antibiotic prescribing in paedi-
atric practice.

Statistical analysis was performed in SPSS soft-
ware package version 21.0 (Statistical Package 
for Social Sciences SPSS 21.0 Inc, USA). Data were 
presented as frequencies and percentiles and the 
chi-square test was used to assess the statistically 
significant difference.

ference was observed in the level of education of 
fathers among groups of respondents distributed 
by place of residence. From all respondents, 1.2 % 
assessed their financial income as very low, 9.8 
% as low, 81.5 % as average, 7.5 % as high and 
only up to 0.1 % as very high. A significantly 
higher number of respondents from rural areas 
assessed their financial income as very poor (2.7 
%) compared to respondents from urban areas 
(0.8 %) (p = 0.023). Sixty-four percent of respon-
dents (63.7 %) had a professional relationship 
with their child’s paediatrician, 34.3 % think they 
had a friendly relationship while 2 % of respon-
dents state familiar relationship. Significantly (p 
= 0.001) larger number of respondents from rural 
areas (43.4 %) assessed relationship with their 
child’s paediatrician as friendly compared to re-
spondents form urban areas (32.3 %) (Table 1).

Table 1: Demographic characteristics of the study population

Demographic 
characteristics

Urban
(n = 1201)
n n n% % %

Rural
(n = 258)

Total
(n = 1459)

P
(χ2)

1201

307

894

30

485

62

624

24

655

74

448

10

126

979

85

1

792

388

21

258

50

208

2

144

16

96

3

135

27

93

7

17

210

24

0.0

138

112

8

1459

357

1102

32

629

78

720

27

790

101

541

17

143

1189

109

1

930

500

29

82.3

25.6

74.4

2.5

40.4

5.2

52.0

2.0

54.5

6.2

37.3

0.8

10.5

81.5

7.1

0.1

65.9

32.3

1.7

17.7

19.4

80.6

0.8

55.8

6.2

37.2

1.2

52.3

10.5

36.0

2.7

6.6

81.4

9.3

0.0

53.5

43.4

3.1

100.0

24.5

75.5

2.2

43.1

5.3

49.3

1.9

54.1

6.9

37.1

1.2

9.8

81.5

7.5

0.1

63.7

34.3

2.0

0.036a

< 0.001a

0.080

0.023a

0.001a

Responders

χ2 - Chi-square test; a - statistically significant

Ninety-eight percent (98.4 %) of surveyed par-
ents stated that doctors are their main source of 
information when deciding on antibiotic treat-
ment of their children, 2.7 % state TV as the main 
source of information, then 0.8 % newspapers, 
4.3 % friends, 3.3 % cousins; no significant dif-
ference was observed in the main source of in-
formation according to place of residence. Four 
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Panklav

     No

     Yes

Paracetamol

     No

     Yes 

Pulmicort

     No

     Yes 

Pancef

     No

     Yes 

Ibuprofen 

     No

     Yes 

Amoksicilin

     No

     Yes 

Flavamed

     No

     Yes 

Eritromicin

     No

     Yes 

Summed answer

     No

     Yes

percent of respondents state other sources of 
information not mentioned in the questionnaire.  
Respondents from rural areas more often (6.6 %) 
state this compared to urban areas (3.4 %) (p = 
0.018) (Table 2).

Table 2: Main sources of information when deciding on the use 
of antibiotics

Statement about 
the main source 
of information

Urban
(n = 1201)
n n n% % %

Rural
(n = 258)

Total
(n = 1459)

P
(χ2)

22

1179

1171

30

1195

6

1190

11

1153

48

1165

36

1160

41

1

257

249

9

258

0

257

1

243

15

246

12

241

17

23

1436

1420

39

1453

6

1447

12

1396

63

1411

48

1401

58

1.8

98.2

97.5

2.5

99.5

0.5

99.1

0.9

96.0

4.0

97.0

3.0

96.6

3.4

0.4

99.6

96.5

3.5

100.0

0.0

99.6

0.4

94.2

5.8

95.3

4.7

93.4

6.6

1.6

98.4

97.3

2.7

99.6

0.4

99.2

0.8

95.7

4.3

96.7

3.3

96.0

4.0

0.091

0.371

0.091

0.225

0.193

0.177

0.018a

Doctors

     No

     Yes

Television

     No

     Yes 

Radio

     No

     Yes 

Newspapers

     No

     Yes 

Friends 

     No

     Yes 

Cousins

     No

     Yes 

Other sources

     No

     Yes 

χ2 - Chi-square test; a - statistically significant

Table 3: Knowledge about antibiotics

Statement
Urban

(n = 1201)
n n n% % %

Rural
(n = 258)

Total
(n = 1459)

P
(χ2)

253

948

1111

90

1155

46

595

606

1128

73

105

1096

1153

48

468

733

448

753

29

229

246

12

235

23

98

160

238

20

26

232

250

8

70

188

118

140

282

1177

1357

102

1399

69

693

766

1366

93

131

1328

1403

56

538

921

566

893

21.1

78.9

92.5

7.5

96.2

3.8

49.5

50.5

93.9

6.1

8.7

91.3

96.0

4.0

39.0

61.0

37.3

62.7

11.2

88.8

95.3

4.7

91.1

8.9

38.0

62.0

92.2

7.8

10.1

89.9

96.9

3.1

27.1

72.9

45.7

54.3

19.3

80.7

93.0

7.0

95.3

4.7

47.5

52.5

93.6

6.4

9.0

91.0

96.2

3.8

36.9

63.1

38.8

61.2

< 0.001a

0.104

< 0.001a

0.001a

0.318

0.496

0.497

< 0.001a

0.012

χ2 - Chi-square test; a - statistically significant; Panklav - INN: amox-
icillin and clavulanic acid; Pulmicort - INN: budesonide; Pancef - INN: 
cefixime; Flavamed - INN: ambroxol hydrochloride;

When asked which of the listed drugs are antibi-
otics, 80.7 % knew that Panklav (INN: amoxicil-
lin and clavulanic acid) was an antibiotic while 
respondents from rural areas (88.8 %) showed 
significantly (p < 0.001) better knowledge com-
pared to respondents from urban areas (78.9 %). 
Ninety-three percent of respondents knew that 
paracetamol was not an antibiotic and 93.6 % 
knew that ibuprofen was not an antibiotic. Also, 
95.3 % knew about Pulmicort (INN: budesonide) 
and 96.2 % about Flavamed (INN: ambroxol hy-
drochloride) that they were not antibiotics while 
91 % knew about amoxicillin and 52.5 % about 
Pancef (INN: cefixime) that they were antibiot-
ics, with no significant difference in knowledge 
about paracetamol, ibuprofen, Flavamed and 
amoxicillin between respondents from rural 
and urban areas. However, it was noticed that 
respondents from rural areas significantly more 
often consider Pulmicort as an antibiotic (8.9 %) 
compared to respondents from urban areas (3.8 
%) (p < 0.001) and respondents from rural areas 
know better that Pancef is an antibiotic (62 %) 

compared to the urban respondents (50.5 %) (p 
< 0.001). By summarising the answers, it was no-
ticed that a total of only 893 (61.2 %) respondents 
knew how to accurately identify the antibiotic out 
of the drugs offered, with more accurate answers 
given significantly more often (p = 0.012)  by ru-
ral respondents (54.3 %) compared to urban re-
spondents (37.3 %) (Table 3).

The majority of surveyed parents (82.4 %) dis-
agreed with the statement that antibiotics should 
be given to every child with a fever, 10 % had a 
neutral attitude while 7 % of respondents agreed 
with this statement. Twenty-six percent of re-
spondents disagreed that scientists can produce 
new antibiotics to destroy resistant bacteria, 
39.5 % had a neutral attitude while 34.2 % of re-
spondents agreed with this statement. Eighty-six 
percent of respondents agree with the statement 
that improper use of antibiotics reduces their 
effectiveness and leads to bacterial resistance. 
There was no significant difference in knowledge 
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Table 4: Knowledge about antibiotics

Statement 
Urban

(n = 1201)
n n n% % %

Rural
(n = 258)

Total
(n = 1459)

P
(χ2)

1002

121

78

328

439

434

657

331

213

320

477

404

67

243

891

47

120

1034

150

445

606

200

34

24

86

102

70

107

91

60

64

99

95

21

38

199

7

30

221

34

69

155

1202

155

102

414

541

504

764

422

273

384

576

499

88

281

1090

54

150

1255

184

514

761

83.4

10.1

6.5

27.3

36.6

36.1

54.7

27.6

17.7

26.6

39.7

33.6

5.6

20.2

74.2

3.9

10.0

86.1

12.5

37.1

50.5

 

77.5

13.2

9.3

33.3

39.5

27.1

41.5

35.3

23.3

24.8

38.4

36.8

8.1

14.7

77.1

2.7

11.6

85.7

13.2

26.7

60.1

82.4

10.6

7.0

28.4

37.1

34.5

52.4

28.9

18.7

26.3

39.5

34.2

6.0

19.3

74.7

3.7

10.3

86.0

12.6

35.2

52.2

0.074

0.001a

0.607

0.049a

0.500

0.006a

0.016

An antibiotic should be given to every child who has a fever

     Disagree

     Neutral

     Agree

Since most inflammations of the upper RT are of viral origin, antibiotics should not be given

     Disagree

     Neutral

     Agree

Children who have flu or common cold symptoms recover faster if they receive antibiotics

     Disagree

     Neutral

     Agree

Scientists can produce new antibiotics that could destroy resistant bacteria

     Disagree

     Neutral

     Agree

Antibiotics can produce harmful effects

     Disagree

     Neutral

     Agree

Improper use of antibiotics reduces their effectiveness and leads to bacterial resistance

     Disagree

     Neutral

     Agree

The use of antibiotics can prevent complications caused ba inflammation of the upper RT

     Disagree

     Neutral

     Agree

RT – respiratory tract; χ2 - Chi-square test; a - statistically significant

between the use of antibiotics for fever, the abili-
ty of scientists to produce better antibiotics or the 
effect of improper antibiotic use among groups of 
respondents according to place of residence. 

However, 34.5 % of respondents believed that an-
tibiotics should not be given since inflammation 
of the upper respiratory tract is most often of vi-
ral origin, with a significantly higher number of 
respondents from urban areas (36.1 %) than re-
spondents from rural areas (27.1 %) (p = 0.016). 
Also, more than half of the respondents (52.4 %) 
did not think that children with flu or common 
cold symptoms recover faster if they receive anti-
biotics, significantly more urban respondents 
think so (54.7 %) compared to rural respondents 
(41.5 %) (p = 0.001). Seventy-five percent (74.7 
%) of respondents believe that antibiotics can 
cause harmful effects, significantly more rural 
respondents believed so (77.1 %) compared to ur-
ban respondents (74.2 %) (p = 0.049). More than 
half of the respondents (52.2 %) believed that the 
use of antibiotics can prevent complications 

caused by inflammation of the upper respiratory 
tract, significantly more often rural respondents 
believed so (60.1 %) compared to urban respon-
dents (50.5 %) (p = 0.006) (Table 4).

The majority of parents (90.6 %) believed that a 
paediatrician should not prescribe antibiotics to 
treat colds, significantly more often respondents 
from rural (96.1 %) compared to urban places 
(89.4 %) (p = 0.004). Ninety-three percent of re-
spondents believed that antibiotics should not be 
prescribed for runny nose while 85.7 % believed 
that vomiting does not require the use of antibi-
otics, with no significant difference between re-
spondents from urban and rural areas. However, 
72.8 % of respondents did not think that a pae-
diatrician should prescribe antibiotics for sore 
throat, significantly more often respondents 
from urban (74.6 %) compared to rural areas 
(64.3 %) (p = 0.001). Also, 80.3 % believed that 
the use of antibiotics is not necessary for chil-
dren’s cough, significantly more often this was 
urban respondents’ opinion (81.8 %) compared 
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Lack of free time to visit a pediatrician or lack of enough money to pay for treatment

     Never

     Frequently

     Allways

Belief that child's health is not seriously endangered

     Never

     Frequently

     Allways

Pediatrician has previously prescribed the same antibiotic for the same symptoms

     Never

     Frequently

     Allways

Pharmacist has recommended an antibiotic

     Never

     Frequently

     Allways

Friends / relatives recommended an antibiotic

     Never

     Frequently

     Allways

Discussion

to rural respondents’ opinion (73.3 %) (p = 
0.002). Twenty percent (20.6 %) of respondents 
believed that a paediatrician should always pre-
scribe antibiotics in case of fever, significant-
ly more often respondents from rural (27.1 %) 
compared to urban (19.2 %) (p = 0.003). For-
ty-three percent of respondents believed that a 
paediatrician should always prescribe an anti-
biotic to treat ear pain, significantly more often 
respondents from rural (51.9 %) compared to 
urban areas (41.2 %) (p = 0.004) (Table 5).

By examining the reasons why parents gave anti-
biotics to their children without a paediatrician’s 
recommendation, 1.3 % of parents were found 
do it often and 0.9 % always. Respondents from 
rural areas (4.3 %) gave them significantly more 
often than respondents from urban areas (0.6 %) 
(p < 0.001). Almost two percent (1.9 %) of respon-
dents often gave antibiotics to a child without a 

Table 5: Attitudes about how often parents would like a pae-
diatrician to prescribe antibiotics to their child when he or she 
has symptoms such as common cold, runny nose, sore throat, 
a cough, vomiting, fever and ear pain

Table 6: Parental reasons for administering antibiotics without 
a paediatrician’s recommendation

Symptoms

Statement
Urban

(n = 1201)

Urban
(n = 1201)

n

n

n

n

n

n

%

%

%

%

%

%Rural
(n = 258)

Rural
(n = 258)

Total
(n = 1459)

Total
(n = 1459)

P
(χ2)

P
(χ2)

1074

48

79

1109

41

51

896

143

162

983

97

121

1032

68

101

814

157

230

500

206

495

248

4

6

247

6

5

166

52

40

189

38

31

218

19

21

147

41

70

81

43

134

1322

52

85

1356

47

56

1062

195

202

1172

135

152

1250

87

122

961

198

300

581

249

629

89.4

4.0

6.6

92.3

3.4

4.2

74.6

11.9

13.5

81.8

8.1

10.1

85.9

5.7

8.4

67.8

13.1

19.2

41.6

17.2

41.2

96.1

1.6

2.3

95.7

2.3

1.9

64.3

20.2

15.5

73.3

14.7

12.0

84.5

7.4

8.1

57.0

15.9

27.1

31.4

16.7

51.9

90.6

3.6

5.8

92.9

3.2

3.8

72.8

13.4

13.8

80.3

9.3

10.4

85.7

6.0

8.4

65.9

13.6

20.6

39.8

17.1

43.1

0.136

0.001a

0.060

0.002a

0.576

0.428

0.003a

0.866

0.004a

0.272

0.004a

< 0.001aCommon cold

     Never

     Frequently

     Always

Runny nose

     Never

     Frequently

     Always

Sore throat

     Never

     Frequently

     Always

A cough

     Never

     Frequently

     Always

Vomiting

     Never

     Frequently

     Always

Fever

     Never

     Frequently

     Always

Ear pain

     Never

     Frequently

     Always
χ2 - Chi-square test; a - statistically significant

paediatrician’s recommendation because they 
think that the child’s health condition is not se-
riously endangered while 2.8 % always do so. 
Almost three percent (2.6 %) often and 3.1 % 
always gave antibiotic to a child without a pae-
diatrician’s recommendation because the pae-
diatrician has previously prescribed the same 
antibiotic for the same symptoms. Two percent 
of respondents often gave antibiotics to a child 
because the pharmacist recommended it and al-
most two percent (1.7 %) of respondents always 
do so. One percent (1.2 %) of respondents often 
and 1.3 % always give antibiotics to their child 
because a friend or relative recommended it. No 
significant difference was observed between the 
groups of respondents distributed by place of 
residence in these reasons for the use of antibi-
otics without a paediatrician’s recommendation 
(Table 6).

RT – respiratory tract; χ2 - Chi-square test; a - statistically significant

So far, there have been no studies in the Republic 
of Srpska that investigated the parental knowl-
edge, attitudes and behaviour regarding the use 
of antibiotics in children. Misconceptions and 
wrong attitudes lead to improper use of antibiot-

1159

7

13

1090

18

36

1064

28

38

1082

23

19

1094

15

17

246

11

0

246

8

3

244

8

5

249

4

4

254

2

1

1405

18

13

1336

26

39

308

36

43

1331

27

23

1348

17

18

98.3

0.6

1.1

95.3

1.6

3.1

94.2

2.5

3.4

96.3

2.0

1.7

97.2

1.3

1.5

 

95.7

4.3

0.0

95.7

3.1

1.2

94.9

3.1

1.9

96.9

1.6

1.6

98.8

0.8

0.4

 

97.8

1.3

0.9

95.4

1.9

2.8

94.3

2.6

3.1

96.4

2.0

1.7

97.5

1.2

1.3
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ics and encourage overuse, so understanding at-
titudes and behaviours can be a starting point for 
public health interventions.

Evidence-based literature review, which included 
studies from 20 countries published in the last 20 
years, shows that parental knowledge still plays 
a major role in when and how to use antibiotics in 
children. The study also shows that parents are 
not disappointed if a doctor does not prescribe 
antibiotics to their children, provided they re-
ceive appropriate explanations.14 

When deciding on the antibiotic treatment for 
their children, the main source of information for 
89.4 % of our parents was doctors, with no differ-
ences in relation to place of residence. It is very 
similar result with Greek study where ninety per-
cent of parents obtained information on judicious 
antibiotic use from paediatricians.7 It, however, is 
not in line with the results of a study in Croatia, 
where respondents state that they get informed 
on antimicrobial resistance through TV (60.4 %, 
the Internet (57.1 %) and newspapers (44.2 %).9 
In this study, 4 % of respondents state that they 
use other sources of information more often in 
rural areas (p = 0.018). By summarising the cor-
rect answers about the knowledge on antibiotics, 
it was noticed that a total of only 893 (61.2 %) 
respondents know how to accurately identify the 
antibiotic from the drugs offered, with more ac-
curate answers given significantly more often (p 
= 0.012) by rural respondents (54.3 %) compared 
to urban respondents (37.3 %). This is a higher 
percentage in comparison with Greek data where 
parents were given a list of drugs including anti-
biotics, antipyretics, bronchodilators and expec-
torants and were asked to distinguish antibiotic 
products from other drugs and 30.4 % of them 
made no mistakes at all, 42.1 % made one mis-
take and 27.5 % made two or more mistakes.7 In 
the Republic of Srpska the majority of surveyed 
parents (82.4 %) disagree with the statement 
that antibiotics should be given to every child 
with a fever, 10 % have a neutral attitude while 7 
% agree with this statement. There were no dif-
ferences in relation to place of residence. In pro-
spective observational study that was conducted 
in Italy in 2020, 92.9 % knew that the antibiotic 
has no direct effect on fever.10 In a study conduct-
ed in Lebanon, 55.9 % of respondents still believe 
that antibiotics should be given to treat fever, 50 
% were unaware of the consequences of antibi-
otic abuse, 58.4 % think it is OK to give a child 
antibiotics without a doctor’s recommendation 

and 66.7 % trust the pharmacist; parents earned 
a university degree have a better knowledge.15 
The result are worse in Jordan where 72.4 % of 
parents believed that a child should be given an 
antibiotic if it develops fever, even though 60 % 
they were aware that most upper respiratory 
tract infections were viral in nature.16

Among respondents presented in this study, 86 
% agree with the statement that improper use of 
antibiotics reduces their effectiveness and leads 
to bacterial resistance, regardless of place of res-
idence. It is very similar with Greek result where 
a total of 88 % of the parents were aware of the 
fact that antibiotic misuse drives bacterial resis-
tance.7 However, in the present study 34.5 % of 
respondents believe that antibiotics should not 
be given since inflammation of the upper respira-
tory tract is most often of viral origin, with a sig-
nificantly higher number of respondents from ur-
ban areas (36.1 %) than respondents from rural 
areas (27.1 %) (p = 0.016). Also, more than half of 
the respondents (52.4 %) do not think that chil-
dren with flu or common cold symptoms recov-
er faster if they receive antibiotics, significantly 
more urban respondents think so (54.7 %) com-
pared to rural respondents (41.5 %) (p = 0.001). 
In Greece 24.7 % parents would still give antibi-
otics to children with flu like symptoms because 
they thought that recovery would be quicker.7 In 
the Republic of Srpska this result is somewhat 
better where 18.7 % of parents think that chil-
dren with these symptoms recover faster if they 
receive antibiotics.

Seventy-five percent (74.7 %) of respondents be-
lieve that antibiotics can cause harmful effects 
and significantly more often rural respondents 
(77.1 %) compared to urban respondents (74.2 
%) (p = 0.049). More than half of the respondents 
(52.2 %) believe that the use of antibiotics can 
prevent complications caused by inflammation 
of the upper respiratory tract, significantly more 
rural respondents (60.1 %) compared to urban 
respondents (50.5 %) (p = 0.006). Greek authors 
have investigated the use of antibiotics in upper 
respiratory tract infections in children. Of the 
parents surveyed, 74 % expected to receive an-
tibiotics for their children and ear pain was the 
most common symptom for which parents ex-
pected antibiotics. They rarely gave antibiotics to 
their children without a prescription (10 %) and 
the majority (88 %) believed that unnecessary 
use of antibiotics caused antibiotic resistance 
and were happy to receive symptomatic therapy 
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Conclusion

There are differences in parental knowledge, 
attitudes and behaviour about antibiotic use 
and resistance. It is necessary to work on ad-
ditional education of parents. There is also a 
need for greater engagement of paediatricians 
in providing instructions and explanations re-
garding the antibiotic use.

The authors thank the World Health Organization 
for financial support of the project whose pur-
pose was not only to research parental knowl-
edge, attitudes and behaviour regarding the use 
of antibiotics in children but also to conduct ed-
ucational campaigns for paediatricians. We also 
thank to all preschool institutions and parents of 
children who accepted to participate in the study.
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prescribed by a doctor.7 In the Turkey study, 85.6 
% of the parents declared that they never gave 
their children antibiotics without a prescription 
when they had a fever.8

In this study, 43 % believe that a paediatrician 
should always prescribe antibiotic to treat ear 
pain, significantly more often respondents from 
rural (51.9 %) compared to urban areas (41.2 %). 
A survey of Lebanese parental knowledge, atti-
tudes and behaviour found that 33.9 % of par-
ents believe that antibiotics help in treating the 
common cold and 36.2 % believe that antibiotics 
speed up children recovery from a cold. Also, par-
ents have no knowledge of antibiotic coverage, as 
37.9 % believe that antibiotics cure viral infec-
tions. Also, 20 % believe that they can reduce the 
dose of antibiotics upon recovery.17

Examining parental reasons to give their chil-
dren antibiotics without a paediatrician’s recom-
mendation led to the following results - 1.3 % do 
it often and 0.9 % always. Respondents from ru-
ral areas (4.3 %) are significantly more likely to 
do so than respondents from urban areas (0.6 %) 
(p < 0.001), which can be explained by less acces-
sible healthcare in rural areas.

In researching knowledge and attitudes towards 
the antibiotic use and resistance in the Swedish 
population, respondents expressed confidence in 
doctors who decided not to prescribe antibiotic.18

The study has limitations in terms of sample se-
lection in preschools. It is likely that some chil-
dren from rural areas do not attend preschool 
so perhaps children from rural areas who at-
tend them are not representative of all children 
from rural areas. In addition, parents filled out 
surveys at home, so the answers may have been 
influenced by information they found online or 
received from friends. Although the obtained re-
sults cannot be generalised to the population of 
parents of the Republic of Srpska, the obtained 
results can be applied to the improvement of pub-
lic health activities aimed at reducing the abuse 
of antibiotics.

A number of public health interventions can be 
initiated. A study by Goggin et al showed that 
even short video promotional materials can help 
reduce parents’ interest in taking antibiotics.19 
This intervention could be used globally to pro-
mote the reduction of antibiotic use and could be 
part of a campaign in the Republic of Srpska and 
beyond.

Attention should also be paid to those who pre-
scribe antibiotics. A study conducted in Denmark 
shows that interventions to optimise the use of 
antibiotics should primarily focus on those who 
prescribe drugs. The Danish legal framework 
prevents the over-the-counter dispensary of the 
antibiotics. The study showed that 97 % of the 
antibiotics used were obtained after a medical 
consultation.20 This is supported by a survey in 
the rural population of Greece in which as many 
as 44.6 % of respondents reported that they had 
used over-the-counter antibiotics at least once. 
The largest source of purchasing over-the-count-
er antibiotics was the pharmacy, in as many as 
76.2 % of self-medication cases.21 

In the study conducted by Napolitan et al in Ita-
ly, self-medication by antibiotics was more often 
seen in people aged less than 40, who had a lower 
health status and who did not know that antibi-
otics were not indicated for flu, common cold and 
sore throat treatment.22 In the study conducted 
by Farkas et al, knowledge on antibiotic use be-
tween urban and rural population in Croatia was 
compared. Although knowledge of urban parents 
was better, it did not affect the antibiotic use. The 
authors think that healthcare workers should ex-
plain patients more about problems of antibiotic 
use and resistance.9

11Mijović et al. Scr Med 2022 Mar;53(1):4-12.
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Abstract
Background / Aim: Competence can be acquired in medical education if the 
assessment of students is multidimensional. Traditional practical assessments 
focus on testing the cognitive domain and compromise practical skills evalua-
tion. The Objective Structured Practical Examination (OSPE) assesses skill-
based competencies. The present study evaluates the feasibility and acceptabili-
ty of OSPE through the perception of students and mentors.
Methods: In this cross-sectional study, 100 medical students and 15 medical 
faculties enrolled from Pandit Deendayal Upadhyaya medical college, Churu (Ra-
jasthan, India). The study included OSPE stations, conducted three OSPE session-
sand obtained post-session feedback through a questionnaire, answered on 5 
points Likert scale. The researchers calculated the response on various aspects 
of OSPE with percentages. 
Results: Students showed 94.4 % agreement for OSPE as a good learning experi-
ence and 93.5 % were satisfied with the content of OSPE. Students' perception of 
OSPE as a reliable and fair tool for examination and administration was 94.66 % 
and 56.40 %, respectively. Although, 69.5 % of students agreed upon OSPE as a 
valuable tool compared with the traditional reviews. The overall agreement of 
faculty for the competence of OSPE was 75.74 %.
Conclusion: The acceptance of OSPE by medical students and faculty may lead to 
the introduction of this tool in assessing practical skills in medical teaching and 
helping students better acquire knowledge and skills and assisting faculty in 
teaching modifications, as per the needs of students. So, OSPE supplements the 
traditional methods in clinical physiology practical assessments.

Key words: Assessment; Cognitive domain; Competence; Medical teaching; 
OSPE; Practical skills.
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Introduction

Competence in medical education requires assess-
ment at regular intervals.1 Assessment of skills 
and attitude should be the central part of practical 
examination which is often lacking. Usually, prac-
tical tests assess knowledge alone. As known that 
"learning is assessment-driven",2 changes in stu-
dent learning behaviour are possible by changes 

in evaluation tools and methods.3 The traditional 
evaluation methods in practical examinations are 
highly subjective, which breaks the correlation be-
tween marks awarded and the performance of the 
same candidate by different examiners.4 Examina-
tion skills and attitudes towards the patient are 
often not evaluated in conventional methods. Pro-
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This cross-sectional descriptive study assessed 
the perception of medical students and faculty re-
garding OSPE that examine practical skills of med-
ical students. After approval from the institutional 
ethics committee, one hundred first-year under-
graduate medical students aged 18 to 25 years and 

viding effective feedback about the performance 
is also lacking in traditional ways.5 The practical 
examinations are meant to assess "shows” and 
"shows how” aspects of Miller’s pyramid of com-
petence, but traditional methods mainly focus 
on the "knows” and "knows how” aspects alone.6 
The Objective Structured Practical Examination 
(OSPE) is a method of objectively testing the prac-
tical knowledge and skills acquired during pre-
clinical years of the medical curriculum.7 The OSPE 
focuses on the "shows” and "shows how” aspects 
at the base of Miller’s pyramid of competence. The 
All India Institute of Medical Sciences, New Del-
hi, standardised this method.8 It is a modification 
of the Objective Structured Clinical Examination 
(OSCE).9 OSPE conduction requires setting up sta-
tions to assess various skills and attitudes related 
to patient history taking, examination and man-
agement, equipment usage in experiments, se-
quence of steps followed in experiments and data 

Table 1: Questionnaire for students to get feedback about the perception of The Objective Structured Practical Examination (OSPE)

Section A: Is OSPE a better learning stimulus

Section B: Content of OSPE

Section C: Is OSPE a reliable and fair examination

Section D: Administration of OSPE

OSPE encourages us to pay more attention to the practical examination.
OSPE tests details of procedures in steps.
OSPE covers a wide range of knowledge. 
OSPE helps in identifying lacunae in the clinical skills.
OSPE is a good form of examination as well as a learning experience.

The instructions were clear and adequate.
There is ample time given at each station.
OSPE is less stressful (less fear of examiners).
It is confusing to switch from one station to another.
OSPE is physically tiring.

Checklists provide a fair and unbiased system of marking.
OSPE decreases the element of luck in examination.
OSPE is more uniform and objective.

OSPE measures practical skills better.
OSPE covers relevant and essential topics consistent with the learning objectives of 
the syllabus.

Question No Question description

Q1
Q2
Q3
Q4
Q5

Q1
Q2
Q3
Q4
Q5

Q1
Q2
Q3

Q1

Q2

Methods

interpretation. In a fixed time interval, students 
rotated within stations. The examiner silently 
observes the stepwise performance on a one-to-
one basis.10 The examination validity improved in 
OSPE as this tool tests both the process and the 
product with much importance to individual com-
petency.2 The assessment tool decides the degree 
of improvement in student performance and its 
consequent effect on study strategy.11

OSPE is a more comprehensive, objective, unbi-
ased and structural assessment tool in evaluating 
higher levels of competence in Miller’s Pyramid, 
so it was decided to introduce and receive the stu-
dent’s and faculty’s perception regarding OSPE 
in clinical physiology assessments in this college. 
The present study assesses the feasibility and ac-
ceptability of OSPE through the perception of stu-
dents and mentors.

15 mentors enrolled from Pandit Deendayal Upa-
dhyaya medical college, Churu (Rajasthan, India). 
The first-year undergraduate medical students ex-
cluded from the study who were absent from the 
OSPE session.

SD D N A SA

Sharma et al. Scr Med 2022 Mar;53(1):13-20.14
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Table 2: Questionnaire for mentors to get feedback about the perception of OSPE 

Likert scale: SD - strongly disagree, D - disagree, N - neutral, A - agree, SA - strongly agree.

Likert scale: SD - strongly disagree, D - disagree, N - neutral, A - agree, SA - strongly agree. OSPE - The Objective Structured Practical Examination;

Section E: Value of OSPE as an assessment method compared to the traditional examination

OSPE is more uniform and objective.
OSPE covers relevant and essential topics consistent with the learning objectives of the syllabus.
OSPE measures practical and clinical skills better.
OSPE needs critical thinking.
OSPE is more time-saving compared with the traditional examination.
OSPE eliminates examiners' bias.
OSPE decreases the element of luck in the examination.
OSPE will be tiring to conduct.
Students will be able to perform the given task in the prescribed time.
OSPE is suitable for all levels of students. 
OSPE can be replaced for practical table viva.
The introduction of OSPE for evaluation will be favorable to students. 
OSPE helps in identifying lacunae in teaching clinical skills.
The introduction of OSPE for evaluation should be done in formative assessment.
The introduction of OSPE for evaluation should be done in summative assessment.

OSPE is more satisfying compared to the traditional method of assessment.
One cannot pass OSPE without attending practical classes.
OSPE reduces the chance of failing in exams compared to traditional examinations.
The traditional examination has more interaction compared to OSPE.

Question No

Question No

Question description

Question description

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9

Q10
Q11
Q12
Q13
Q14
Q15

Q1
Q2
Q3
Q4

SD D N A SA

SD D N A SA

Conduction of OSPE sessions 
1. Before the actual conduction of OSPE sessions, 
both faculty and students sensitisation to the 
OSPE as an assessment tool.
2. Preparation and validation of OSPE station 
checklists.
3. OSPE sessions were conducted on three differ-
ent days in 3 batches for participating undergrad-
uate medical students. Researchers framed five 
procedural stations from the clinical physiology 
practical syllabus and allotted 3 minutes to each 
station. 

Station 1 – Cardiovascular system examination
Station 2 – Respiratory system examination
Station 3 – Examination of abdomen
Station 4 – Cranial nerve examination
Station 5 – Central nervous system examination

After every OSPE session, feedback was given to 
the students to reinforce the positive aspects and 
to correct the mistakes committed during the ex-
amination.

Post-session feedback  
Post-session feedback regarding feasibility and ac-
ceptability of OSPE was taken from the students 
and faculty using a questionnaire12, 13 graded on a 
Likert scale (Tables 1 and 2).

The assessment evaluated various perception at-
tributes using a questionnaire, divided into many 
sections and each section consisted of multiple 
questions.

Statistical analysis 
The responses acquired through the question-
naire were on a Likert scale. The responses were 
positive (strongly agree, agree), neutral, or neg-
ative (disagree and strongly disagree). The aver-
aged reactions of each section (including various 
questions) showed in percentage. The level of sig-
nificance was considered at 5 %. The researchers 
used Microsoft Excel 2019 and MATLAB for statis-
tical analysis.

Sharma et al. Scr Med 2022 Mar;53(1):13-20. 15



CONTENT

Figure 1: Bar plot showed 
medical students’ responses 
for Section A: Is OSPE a bet-
ter learning stimulus
OSPE - The Objective Struc-
tured Practical Examination;

Figure 2: Bar plot showed 
medical students’ responses 
for (a) Section B: Content of 
OSPE' (b) Section C: Is OSPE 
a reliable and fair examina-
tion
OSPE - The Objective Struc-
tured Practical Examination;

Results

There was 94.40 % agreement for OSPE as a good 
learning experience among medical studentsand 
93.50 % were satisfied with the content of OSPE. 
Students' perception of OSPE as a reliable and 
fair tool for examination and administration was 
94.66 % and 56.40 %, respectively. Although, 69.5 
% of students agreed upon OSPE as a valuable 

Table 3: The response of medical students and faculty regarding various attributes of perception

Is OSPE a better learning stimulus
Content of OSPE
Is OSPE a reliable and fair examination
Administration of OSPE
Value of OSPE as an assessment method in comparison with the traditional examination.
Overall perception about acceptance by faculty

Attributes of Perception SD

0.20
0
0
960
0
1.40

0.60
1
0
11.20
3.75
5

4.80
5.50
5.33
22.8
26.50
17.87

33.20
31.50
39
30.20
19.50
19.27

61.20
62
55.66
26.20
50
56.47

D N A SA

Likert scale: SD - strongly disagree, D - disagree, N - neutral, A - agree, SA - strongly agree. Values are presented in percentages.
OSPE - The Objective Structured Practical Examination;

tool compared with traditional tests. The overall 
agreement of faculty for the competence of OSPE 
was 75.74 % (Table 3).

Further analysis of various attributes of percep-
tion was performed.

Sharma et al. Scr Med 2022 Mar;53(1):13-20.16
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Figure 3: Bar plot showed the 
responses of medical stu-
dents Section D: Administra-
tion of OSPE
OSPE - The Objective Struc-
tured Practical Examination;

Figure 4: Bar plot showed 
medical students’ respons-
es Section E: Value of OSPE 
as an assessment method 
compared to the traditional 
examination
OSPE - The Objective Struc-
tured Practical Examination;

 Section A: Is OSPE a better learning stimulus
72 % of the students felt that the OSPE paid more 
weight to the practical details of the clinical proce-
dure. They also felt that OSPE helps in identifying 
the weakness in their performances. Around 70 % 
of the students strongly agreed that OSPE is a good 
examination form and a learning experience.

Section B: Content of OSPE
96 % of the students felt that OSPE measures prac-
tical skills better. Around 56 % of the students 
strongly agreed that OSPE covers relevant and es-
sential topics consistent with the learning objec-
tives of the syllabus (Figure 2).

Section C: Is OSPE a reliable and fair exam-
ination
95 % of the students favoured checklists as 
a method of unbiased and honest evaluation. 
Around 50 % of the students strongly agreed that 

OSPE is a uniform method of examination that re-
duces the element of luck (Figure 2).

Section D: Administration of OSPE
The majority of students were satisfied by the ar-
rangements of the OSPE. Almost 48 % felt OSPE 
was less stressful. The majority of the students 
also did not feel the presence of examiners at the 
observed stations intimidating. OSPE was physi-
cally tiring and switching from one station to an-
other showed a mixed response (Figure 3).

Section E: Value of OSPE as an assessment 
method in comparison with traditional exam-
ination 
A total of 54 % of the students found OSPE more 
satisfying than the traditional assessment method. 
Nevertheless, at the same time, around 70 % of the 
students also felt a lack of interaction (Figure 4).

Sharma et al. Scr Med 2022 Mar;53(1):13-20. 17
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Figure 5: A stacked bar plot 
showed mentors’ responses 
regarding the acceptability 
of OSPE
OSPE - The Objective Struc-
tured Practical Examination;

The majority of the students felt the need to con-
duct OSPE at regular intervals. Some thought it 
to perform along with the traditional method. 
Among 15 faculties who participated in the pres-
ent study, more than 80 % believed that OSPE 
helps test objectivity and skills, promotes critical 
thinking in students, is suitable for all students 
and helps enhance teaching skills. A total of 63 % 
of the faculty believed that it is time-saving and 
at the same time, 76 % said it is tiring to conduct 
OSPE. More than 80 % of faculty thought that 
OSPE is a uniform assessment tool, there is no 
examiner's bias. More than 50 % of faculty mem-
bers disagree with including OSPE in the summa-
tive assessment (Figure 5).

The majority of the faculty felt that preparing 
OSPE station checklists is a tough job and facul-
ty needs training in it. Some faculty highlighted 
the lack of interaction with the students. Some 
appreciated this method as it can assess all the 
domains simultaneously.

Discussion

Medical students and faculty's feedback about 
various assessment methods is meaningful and 
valuable for the continuous improvement of med-
ical education. The present study assesses the 
acceptability and feasibility of OSPE among stu-
dents and faculty as it was a relatively new as-
sessment tool. Such studies form the basis of fu-
ture development to reform and refine the OSPE 
as an assessment tool. Overall, the present study 
showed favourable feedback for implementing 
OSPE as an assessment method.

In a survey conducted by Duffield on 381 stu-
dents at Newcastle Medical School, authors eval-
uated the fairness of assessment using a 19-item 
questionnaire. The response rate was 82 % and 
most of the students (> 95 %) agreed that assess-
ment should ensure competence, feedback and 
guidance.14 In a similar study at the University of 
Zahedan, Imami implemented Objective Structured 
Clinical Examination (OSCE) in the final examina-
tion of paediatric students. They found strong ac-
ceptance of OSCE concerning transparency (87 %), 
comprehensiveness (90 %), the authenticity of the 
required tasks (58-78 %) and fairness (57 %) as 
similar to the present study. However, students 
were anxious during the assessment.15 Wood-
burn used objective structured clinical examina-
tion (OSCE) to assess clinical skills in podiatry 
(chiropody) students. The program revealed rel-
atively low levels of repeatability and high levels 
of construct and stability in performance over 
time.16 Pierre explored OSCE at the University 
of the West Indies assessed students at the final 
examination in medicine and therapeutics. They 
found comprehensiveness (90 %), transparency 
(87 %), fairness (70 %) and authenticity of the re-
quired tasks (58–78 %) as similar to the previous 
study.17 Brand measured anxiety levels, self-per-
ception of preparation and expectation of success 
induced by OSCE and its effects on assessment. 
They found OSCE was a more anxiety-provok-
ing assessment method than other examina-
tions. The expectation to succeed was also found 
higher and state anxiety was associated with 
the level of preparation but not with scores ob-
tained. During the written examination, the state 
anxiety showed a positive relationship with the 
scores obtained, however, not with preparation 
or expectation to succeed.18 Adome introduced a 
twelve-point questionnaire on a 1-10 Likert scale 

Sharma et al. Scr Med 2022 Mar;53(1):13-20.18
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Conclusion

The present study concluded that OSPE is ac-
ceptable and feasible as a tool of practical skill 
assessment by students and faculty. However, 
multi-centric studies are required to determine 
the effect of traditional formats compared to 
OSPE on students' clinical performance and to 
ascertain the long-term impacts of OSPE on the 
clinical management of patients. The existing 
traditional method for assessing all learning 
domains in medical education requires supple-
mentation with OSPE.

The study involved students and faculty from 
a medical college. Due to time constraints, the 
study involved three sessions of OSPE, one for 
each batch. Ideally, the significance and results 
of the study required more sessions and data to 
conclude before a conclusion about improvement 
in students' learning outcomes.
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to evaluate students' perceptions of OSCE after 
their examination. They found that over 65 % of 
students prefer OSCE to ward-based review. In 
addition, 80 % disagreed with preferring viva 
voce to OSCE. Over 70 % indicated OSCE is instru-
mental and relevant to their study and the type of 
work after graduation.19

Gujjala studied the perceptions of 50 faculties 
engaged in medical education training at Govern-
ment Medical College, Ananthapuramu andhra 
Pradesh, India. They found strong agreement re-
garding OSPE as an excellent and valuable learn-
ing tool (96 %) and assessment tool (98 %), while 
100 % thought that OSPE assesses all three do-
mains. Further, 80 % agreed upon transparency, 
comprehensiveness and fairness. However, 90 % 
viewed the tool as mentally and physically tir-
ing and needed additional faculty. The present 
study observed similar findings. Although 100 % 
agreed that combining with traditional practical 
examination produced better results, 84 % fa-
voured replacing standard practical examination 
with OSPE.20 Verhoeven determined the effect of 
an individual written assessment on objective 
structured clinical examination, including 38 
volunteers from Maastricht Medical School. They 
found added value in combining the two formats. 
The written component compensated for the loss 
of reliability due to fewer stations in the OSCE.21

Rafique conducted a study at Nishtar Medical 
College, Multan, Pakistan and got feedback on 
various teaching and assessment methods. Al-
though there was no consensus on the best as-
sessment tool among the students, they agreed 
that OSPE was satisfactory. Most of the students 
(74 %) decided that multiple modes of assess-
ment improved their skills and knowledge.22 

Ranga conducted a cross-sectional study on 158 
second-year medical students at the Department 
of Pathology, Dr Pinnamaneni Siddhartha Insti-
tute of Medical Sciences & Research Foundation, 
Chinnaoutpalli. They compared traditional prac-
tical examination (TPE) with OSPE with all the 
students undergoing TPE and OSPE. They found 
significantly higher performance scores in OSPE 
(13.73 ± 2.49) than TPE (9.27 ± 1.86). The major-
ity of students agreed that OSPE was transparent 
and fairer than TPE. Most faculty members opined 
difficulty in the arrangement of OSPE. However, 
91 % favoured the inclusion of OSPE as a method 
of assessment. Most of the studies showed a pos-
itive perception of medical students and faculty 
regarding the implementation of OSPE as an as-
sessment tool.
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Abstract
Background / Aim: COVID-19 is acute virus disease caused by the Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS–CoV-2). It was proclaimed as pan-
demic starting from March 2020 and is still ongoing. COVID-19 pandemic forced 
all segments of the society, particularly the health sector, to function in changed 
and aggravating circumstances and because of the transmission and new strains 
of the virus it resulted in the change of the number of infected people with peaks 
and oscillations. Aim of this study was to make analysis of the data related to 
COVID-19 positive/suspect patients examined in the Primary Healthcare Centre 
Banja Luka in the period 15 March 2020 – 15 March 2021, which refers to the 
incidence of the infected persons, sex and age representation, laboratory diag-
nostics and clinical parameters, applied therapy, as well as the number of pa-
tients sent for the hospital treatment.
Methods: Data for the analysis were obtained by the retrospective analysis of 
the statistical data from the electronic medical record of the examined COVID-19 
positive/suspect patients in the Outpatient Clinic for Acute Respiratory Infec-
tions (ARI) and in the field. Pearson’s χ2 test of contingency was used for the 
comparison of differences of the observed characteristics of the examined 
groups.
Results: Personnel of the Emergency Department (ED) of the Primary Health-
care Centre Banja Luka, in the period 15 March 2020 – 15 March 2021, examined 
the total of 3,937 COVID-19 positive patients and patients suspect of COVID-19. 
Out of that number, 3,601 patients were examined in the ED – ARI and 336 pa-
tients were examined in the field. The biggest number of patients was registered 
in November 2020 (768). Male sex prevailed (55.50 %) and patients of 20-50 
years of age were most represented. There were 3.10 % of those highly febrile 
patients and 2.5 % of those with low SpO2 of under 90 %. 14.90 % of patients had 
higher values of troponin T and 45.50 % of them had higher values of D-dimer. In 
the field, 69.60 % of patients had pathological changes on lungs and 33.30 % had 
pathological ECG report. The number of patients sent from the ARI for further 
diagnostic procedure or hospitalisation to the Clinic for Infectious Diseases of 
the University Clinical Centre of Banja Luka was 1,191 and 258 patients were 
sent from the field.
Conclusion: For the purpose of preventing the spread of epidemics, the ED reor-
ganised the existing space by introducing temporary clinics – containers for the 
patients with acute respiratory infections and febrile status, COVID-19 suspects. 
Clinical parameters changed depending on the new virus strains, as well as on 
age distribution and infection complications.

Key words: COVID-19; Emergency Department; Outpatient Clinic for Acute Re-
spiratory Infections; Clinical parameters.
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COVID-19 is acute virus disease caused by the Se-
vere Acute Respiratory Syndrome Coronavirus 2 
(SARS–CoV-2). Coronaviruses most often caused 
mild infections of upper respiratory airways of 
people. However, in the last 20 years, coronavirus-
es caused three epidemics of global importance.1 
In March 2003, the World Health Organization 
proclaimed the epidemic of so far unknown re-
spiratory disease which was called Severe Acute 
Respiratory Syndrome - SARS, the cause of which 
was coronavirus SARS-CoV-1. In 2012, there ap-
peared a new infection caused by the coronavi-
rus and was called Middle East Respiratory Syn-
drome - MERS. The cause of this disease was the 
coronavirus called MERS-CoV. The latest epidemic 
caused by the coronavirus is represented by the 
still ongoing pandemic of the disease caused by 
the novel coronavirus 2019, later renamed SARS-
CoV-2.2 SARS-CoV-2 virus belongs to the group of 
RNA viruses, is composed of one-member ribonu-
cleic acid and is transferred by respiratory drops 
or in a close contact. The virus has four structur-
al proteins: S protein spike, E protein envelope, 
membrane protein and nucleocapsid protein. 
SARS-CoV-2 enters the host cells by bonding with 
the receptor angiotensin – converting enzyme 2 
(ACE2-R), while the chief protein for entering the 
host cells is Spike protein.3 

According to the seriousness of the clinical picture 
of the patients with confirmed COVID-19 infection, 
the patients are divided in groups: asymptomatic 
cases, mild, moderately serious, serious and very 
serious clinical picture.

- Mild clinical picture: Clinical symptoms are 
mild fever, headache, stuffy nose, weakness, loss 
of the sense of smell and taste, pain in muscles.
- Moderately serious clinical picture: Patients 
are with or without comorbidities with present 
pneumonia with signs of hypoxia, without signs of 
dehydration, sepsis or shallow breathing.
- Serious clinical picture: This group mostly in-
volves patients with comorbidities and more ex-
tensive pneumonia, heavy hypoxia followed by 
fever. Around 15 % of patients have a more seri-
ous form of pneumonia, which is characterised 
by significantly heavy breathing with the lesions 
spreading to more than 50 % of the pulmonary 
parenchyma, number of respirations is > 30 in a 
minute and saturation of arterial blood by oxygen 
(SaO2) < 90 %.

Introduction - Very serious clinical picture: This is a critical 
state appearing with around 5 % of the infected 
patients. The patients show signs of diffuse pul-
monary parenchyma, followed by the vascular 
permeability, appearance of infiltrates and loss of 
pulmonary function. Critically infected patients 
require treatment in the intensive care units.

COVID-19 infection is the disease linked with the 
significantly increased rate of cardiovascular dis-
eases. Although the mechanism has still not been 
sufficiently clarified, it is possible that the unde-
tected acute coronary syndrome, cardiac arrhyth-
mia and high rate of arterial and venous thrombo-
sis are the reason for unexplained cardiac arrests, 
which increases mortality out of and in hospitals.4 
COVID-19 is also related to the broad spectrum 
of cardiovascular sequelae, including acute cardi-
ac insufficiency, arrhythmia, acute coronary syn-
drome, myocarditis and cardiac arrest. However, 
cardiac impairments correlate also with the in-
creased intra-hospital mortality with COVID-19 
patients.5

COVID-19 pandemic caused an increased level 
of fear in patients, so that they avoided visits to 
health institutions exactly because of fear of get-
ting infected and they asked for medical assis-
tance only in case of dire need.6 Research showed 
that the patients with cardiovascular diseases 
and comorbidities (diabetes and high blood pres-
sure) ran a higher risk of getting bad results of 
COVID-19 treatment.7 Severe cardiovascular com-
plications appear with around 10 % to 20 % of 
hospitalised patients. According to the summary 
analyses, it is assumed that around 20 % of pa-
tients (in the scope of 5 % to 38 %) have an acute 
myocardial damage during COVID-19, depending 
on the used criteria.8-10 Direct and indirect effects 
of SARS CoV-2 infection, like serious immunolog-
ical response, advance of critical disease and hy-
poxia, can result in the development of thrombotic 
incidents, like disseminated intravascular coagu-
lation (DIC).11 COVID-19 is systemic, potentially 
serious and life-threatening disease, initiated by 
the SARS-CoV-2 infection, which includes immu-
nological and inflammatory responses, dysfunc-
tion of endothelial cells and hyper-coagulant 
state. The period of incubation lasts from two to 
14 days, with the median of five to six days. Infec-
tion may be asymptomatic or presented in differ-
ent symptoms which involve mild symptoms of 
upper respiratory airways, cytokine storm, failure 
of several organs, sepsis and coagulopathy relat-
ed to COVID-19, which causes serious thrombot-
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Methods

Results

ic complications.12-14 COVID-19 pandemic forced 
the whole world and all segments of the society 
and particularly the health sector, to function in 
extraordinary and changed circumstances. The 
Emergency Department (ED) got adjusted to the 
new situation with the goal to protect the person-
nel and patients and not to endanger for a single 
moment the provision of health care. The triage of 
patients at the reception and introduction of the 
triage questionnaire and epidemiological survey 
contributed to the decrease of spread of infection, 
by classifying COVID-19 positive patients and pa-
tients suspect of COVID-19 separately from the 
patients with other diagnoses. The introduction of 
improvised outpatient clinics for acute respirato-
ry infections was necessary in order to decrease 
the spread of infection. Personnel of the ED, in the 
period of 15 March 2020 -15 March 2021, treat-
ed the total number of 3,937 COVID-19 positive 
patients and patients suspect of COVID-19. Out of 
that number, 3,601 patients were examined in the 
Outpatient Clinic for Acute Respiratory Infections 
(ARI) of the ED and 336 patients were examined 
in the field.

Aim
Aim of this study was to make analysis of the data 
related to COVID-19 positive/suspect patients and 
clinical parameters with those patients examined 
in the ED in the period 15 March 2020 – 15 March 
2021, which refer to the incidence of the infected 
persons, sex and age representation, laboratory 
diagnostics and clinical parameters, applied ther-
apy and the number of patients sent for the hospi-
tal treatment.

The personnel of the ED of Primary Healthcare 
Centre Banja Luka examined the total of 3,937 
COVID-19 positive/suspect patients in the peri-
od of 15 March 2020 – 15 March 2021. Out of that 
number, 3,601 patients were examined in the ED 
ARI and 336 patients were examined in the field.
The lowest incidence of COVID-19 positive/suspect 
patients examined in the ARI was in the period 
March – August and then started to rise reaching 
the peak in the month of November (Figure 1).

The data for the analysis were obtained by the 
retrospective analysis of the statistical data from 
the electronic medical record of the examined 
COVID-19 positive/suspect patients by the use of 
electronic Web Medic program. The anonymity of 
the patients was preserved, because the data used 
were only those referring to the age and sex, with-
out using names, family names, initials or date 
of birth. The study was approved by the Ethical 
Committee of the Primary Healthcare Centre Ban-
ja Luka. The following parameters were analysed: 
sex, age, COVID-19 incidence, body temperature, 
saturation of blood with oxygen, auscultatory 

findings on lungs, blood pressure, electrocardio-
gram (ECG) report, values of D-dimer, troponin, C 
reactive protein (CRP), leucocytes, lymphocytes, 
number of patients sent to hospital for treatment, 
prescribed therapy.

The data were presented in the form of distribu-
tion of frequencies. Pearson’s χ2 test of contin-
gency was used for the comparison of differences 
of the observed characteristics of the examined 
groups. Statistically important values were p val-
ues in which p < 0.05. Software IBM SPSS Statis-
tics 24.0 and MS Excel 2019 were used for the 
statistical analysis and graphical presentation of 
the data.

Figure 1: Incidence of COVID-19 positive/suspect patients in 
the Outptient Clinic for Acute Respiratory Infections (ARI) of the 
Emergency Department (ED)

The differences in sex structure of the examined 
patients were not statistically significant (p = 
0.79), which can be seen even in Figure 2. The ob-
served statistically significant difference in the 
age structure of the examined patients was the 
following: younger patients were most frequent-
ly examined in the ARI, while the older patients 
were mostly examined in the field (p < 0.001). The 
biggest number of patients examined in the ARI 
belonged to the age group of 20-49 and in the field 
to the age group of 60-89 (Figure 3).
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Figure 2: Sex distribution of patients examined in the Outptient 
Clinic for Acute Respiratory Infections (ARI) of the Emergency 
Department (ED) and in the field

Figure 6: Values of blood pressure and ECG report of patients 
examined in the Outptient Clinic for Acute Respiratory Infections 
(ARI) and in the field

Figure 3: Age distribution of patients examined in the Outptient 
Clinic for Acute Respiratory Infections (ARI) of the Emergency 
Department (ED) and in the field

Figure 4: Body temperature of patients examined in the Outp-
tient Clinic for Acute Respiratory Infections (ARI) of the Emer-
gency Department (ED) and in the field

Figure 5: Saturation with oxygen (SpO2) and auscultatory find-
ing on the lungs of patients examined in the Outptient Clinic for 
Acute Respiratory Infections (ARI) of the Emergency Department 
(ED) and in the field

Raised body temperature was observed in 55.3 % 
patients examined in the ARI and 67.3 % patients 
in the field (Figure 4). There was statistically si-
gificant difference with regard to the raised body 
temperature between the patients examined in 

the ARI and patients in the field (p = 0.07). The 
patients examined in the field had significantly 
lower values of SpO2 as compared with the pa-
tients examined in the ARI (p < 0.001), which can 
be seen in Figure 5.

Pathological auscultatory findings on lungs were 
seen statistically much more in patients in the 
field than in the ARI (p < 0.001), which can be seen 
in Figure 5. No statistically significant difference 
was observed in the values of blood pressure 
between the patiets examined in the ARI and in 
the field (p = 0.18). The values of blood pressure 
beyond the referential ones were measured with 
30.4 % patients in the ARI and with 41.5 % pa-
tients in the field (Figure 6). Pathological ECG re-
port was present in 18 % ECG reports performed 
in the ARI and in 33.3 % ECG reports performed 
in the field (Figure 6), where a statistically signif-
icant difference was noticed (p = 0.01).
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Figure 10: Overview of antibiotics prescribed in the Outptient 
Clinic for Acute Respiratory Infections (ARI) by the groups of an-
tibiotics

Figure 7: C reactive protein (CRP), Troponin T, D dimer, leuco-
cytes and lymphocytes in the patients examined in the Outptient 
Clinic for Acute Respiratory Infections (ARI)

Figure 8: Overview of diagnoses of patients examined in the 
the Outptient Clinic for Acute Respiratory Infections (ARI) of the 
Emergency Department (ED) and in the field.
The International Classification of Diseases (ICD-10): B342: 
Coronavirus infection, unspecified; U071: COVID-19, virus iden-
tified; U072: COVID-19, virus unidentified; R50: Fever

Figure 9: Overview of therapies admin-
istered in the Outptient Clinic for Acute 
Respiratory Infections (ARI) of the Emer-
gency Department (ED) and in the field

Raised values of D-dimer were found with 32.4 % 
tested patients and raised values  of troponin T 
were found with 14.9 % tested patients, which 
implied the indication for anticoagulant therapy. 
Raised values of CRP were found with 45.5 % tested 
patients (Figure 7). There were 7.9 % tested pa-
tients with leucopenia and 22 % tested patients 
had leucocytosis. There were 32.6 % tested pa-
tients with lymphocytopenia and 3.2 % tested 
patients had lymphocytosis.

Out of the total number of patients examined in 
the ARI, 7.9 % patients were examined under the 
diagnosis of COVID-19, virus identified (U07.1) 
(the International Classification of Diseases - ICD-
10). and 25.4 % patients were examined under 

the diagnosis of COVID-19, virus not identified 
(U 07.2). Out of the total number of examined pa-
tients examined in the field, 23.8 % patients were 
examined under the diagnosis of U 07.1 and 40.8 
% patients were examined under the diagnosis of 
U 07.2 (Figure 8). There were 1,191 patients from 
the ED of the ARI and 258 patients examined in 
the field that were sent to the Clinic for Infectious 
Diseases of the University Clinical Centre Banja 
Luka for further diagnostic or hospitalisation. 

The therapy administered in the ED of the Outpa-
tient Clinic for Acute Respiratory Infections was 
most often antibiotic and analgesic or antipyretic 
drugs, while in the field it was most often oxy-
gen, infusion and analgesic antipyretic therapy 
(Figure 9). Most frequently administered antibi-
otics were those from the group of macrolide and 
beta lactam antibiotics (Figure 10). The biggest 
number of patients in the field were taken care 
of based on the degree of urgency, out of who 
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COVID-19 in patients in this study was manifest-
ed in a different clinical picture and symptoms 
and the most frequent present symptoms were: 
raised temperature, fever, fatigue, dry cough, 
pains in bones and muscles, pneumonia followed 
by heavy breathing and shortness of breath, gas-
trointestinal symptoms (diarrhoea, nausea, vom-
iting), as well as losing sense of smell and taste. 
The number of COVID-19 infected patients had its 
peak in November 2020 as compared with other 
months. The number of those infected was 768 
(19.51 %), which corresponds with the peak in 
November 2020 in our and in the neighbouring 
countries, like in Bosnia and Herzegovina (41,268 
patients), in Serbia (128,484 patients), while the 
number of infected in the world increased from 
45 million to 63 million people.15 The biggest 
number of patients examined in the ARI belonged 
to the age group of 20-49 and in the field to the 
age group of 60-89, which corresponds with the 
overview of first 425 COVID-19 cases in Wuhan. 
Li et al showed that the median of the age of pa-
tients was 59, with the scope of 15-89,16 just like 
it was in the sample of confirmed COVID-19 cases 
in the USA (age from ≥ 45 totalled 67 %), while 
in the Italian studies the average age of infected 
persons was 63.17, 18 There were more male exam-
ined patients, which is in correlation with Li and 
associates.16 

This study also analysed the clinical parameter of 
temperature and based on the data, raised tem-
perature was present with 55.3 % patients (ARI) 
and 67.3 % patients (in the field), which was 
compared with the study in the sample of 1,099 
patients from Wuhan where raised temperature 
was also present with 44 % patients at the time 
of reception, which is in accordance with data 
from this study.19 our data, because in our sample 
there is no significant statistical difference.19

Discussion

mobile team I took care of 5.10 % vitally endan-
gered patients by COVID-19, while mobile teams 
III (44.6 %) and IV (31.3 %) took care of the big-
gest number of patients with medium serious 
clinical features. One third of patients (33.3 %) 
had comorbidities in addition to diagnoses U 07.1, 
U 07.2 and Fever (R50). Out of the total number 
of children examined in the ARI (647), 259 chil-
dren were sent for further dignostics or hospital-
isation to the Clinic for Children’s Diseases of the 
University Clinical Centre Banja Luka.

The parameter analysed was SpO2 which was sig-
nificant as the indicator for hospitalisation, since 
the lower values of SpO2 (≤ 90 %) were connected 
with the more serious clinical picture. According 
to the USA National Institute of Health, optimal 
values of SpO2 with infected patients were con-
sidered to be the values of 92-96 % in the ambient 
air.20 Low values of SpO2 were observed with 11.8 
% patients in the ARI and 48.9 % patients in the 
field, which is the correlation with the pathologi-
cal auscultatory findings on the lungs, which was 
present in 25.9 % patients in the ARI and 69.6 % 
patients in the field, so that there was a signifi-
cant statistical difference between the ARI and 
the field.

In the research it was noticed that the values of 
blood pressure, beyond the reference values, did 
not have a significant statistical difference with 
regard to the patients in the ARI and those in the 
field. In the United States of America, the arterial 
hypertension was present as the accompanying 
diagnosis in 50 % cases,21 which is significantly 
more compared with this data. Pathological ECG 
report showed significant statistical deviations in 
the field (33.3 %) compared with the ARI (18 %). 
Raised values of D-dimer were present with 32.4 
% patients, while the raised values of troponin 
T were present with 14.9 % patients, which sig-
nificantly influenced application of anticoagulant 
therapy or hospital treatment, which indicates 
acute damage of myocardium and thromboembo-
lism of lungs. In the American study comprising 
2,377 COVID-19 positive patients, raised value of 
D-dimer was present in 76 % and raised value of 
troponin T in 12 % cases.22, 23 In the present study, 
the values of D-dimer were significantly lower, 
while the value of troponin T correlated with the 
American study.

Raised values of CRP were the indicator of acute 
inflammation with coronavirus and our data re-
fer to the patients examined in the ARI, where 
it was possible to make laboratory diagnostics 
(45.5 %) and in the field it was not possible to 
determine CRP. According to the research con-
ducted in China, 86 % patients had raised CRP, 
which is significantly more as compared with the 
results from this study, which we can explained 
with the deficiencies of the findings in the field.24 

With regard to other laboratory findings, which 
were also done in the ARI and not in the field, the 
data obtained from the complete and differential 
blood count indicated the aetiology of virus dis-
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Conclusion

During the epidemic of COVID-19, the work in 
the ED was reorganised in the improvised ARI, 
for the purpose of decresing the spread of the 
coronavirus epidemics. Triage and taking epi-
demiological overview when receiving the pa-
tients contributed to the decrease of potential 
sources of epidemics compared with the pa-
tients who were coming for  other diagnoses. 
Because of frequent mutations of viruses and 
present non-specific and specific polymorph 
symptoms that indicated COVID-19, the com-
plete diagnostics and treatment could not be 
implemented in the ED, but required sending 
to the hospital level. The significance of the ED 
was in an urgent treatment of the life-endan-
gered patients in the first contact, in the ARI 
and in the field, then in the triage, examination, 
diagnostics and theraphy according to the seri-
ousness of the clinical picture, as well as in the 
transportation of the patients requiring hos-
pital treatment. Diagnostics of more serious 
clinical forms of disease and timely treatment 
of patients with cardiological and pulmonary 
symptomatology required doing laboratory 
analyses, determining CRP, Troponin T and D 
dimer, which was the chief indicator for the 
doctors in the ED in establishing diagnosis and 
justification for sending the patient for the hos-
pital treatment.
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Abstract
Background / Aim: Up until ten years ago stage four melanoma was considered 
a disease with extremely poor prognosis. Standard therapy during this period of 
time was dacarbazine chemotherapy. Patients with better performance status 
were treated with immunotherapy cytokine IL-2. In the last ten years eight med-
ications have been approved by the FDA for the therapy of melanoma. The goal of 
this study was to determine objective response rate (ORR), median overall sur-
vival (OS), median progression free survival (PFS) and safety in patients with 
advanced and metastatic cutaneous melanoma treated with targeted therapy 
and immunotherapy at the University Clinical Centre of the Republic of Srpska 
(Centre).
Methods: A non-randomised observational retrospective/prospective trial was 
conducted to investigate  first experiences with the use of targeted therapy and 
immunotherapy at the Centre and compare the results with the literature data. 
A total of 23 patients received BRAF targeted therapy for the treatment of meta-
static cutaneous melanoma in the first line of treatment. Nine patients received 
vemurafenib, fourteen patients received a combination of BRAF/MEK inhibitor. 
Nine patients were treated with pembrolizumab immunotherapy. The trial was 
performed in a period from May 2017 until December 2020.
Results: In patients receiving vemurafenib ORR was 44.4 %,  median PFS was 5 
months (95 % CI, 1 to 11) and the median OS was 9 months (95 % CI,  2 to 17). In 
the vemurafenib/cobimetinib group ORR was 71.4 %. Median PFS was 9 months 
and median OS was 12 months. ORR in patients receiving pembrolizumab was 
22.9 %, median PFS was 3 months (95 % CI, 1 to 11) and the median OS was 4.5 
months (95 % CI, 2 to 12). 
Results in all three groups were inferior compared to the results from the litera-
ture except for ORR in patients receiving vemurafenib and vemurafenib/cobime-
tinib. Adverse events were tolerable and manageable and were similar to those 
described in the literature. 
Conclusion: Based on the experience with the targeted and immunotherapy in 
the Centre, which was presented in this study, it was concluded that in condi-
tions when there is limited access to drugs, the greatest benefit have the patients 
who meet the inclusion criteria in clinical trials.
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Introduction

Up until ten years ago stage four cutaneous mel-
anoma was considered a disease with extremely 
poor prognosis and most of the patients died 18 
months after their initial diagnosis.1 Standard 
therapy during this period of time was dacarba-
zine chemotherapy.2 Patients with better perfor-
mance status were treated with immunothera-
py cytokine IL-2.3 Chemotherapy had no overall 
survival benefit. In the last ten years eight medi-
cations have been approved by the US Food and 
Drug Administration (FDA) for the therapy of 
melanoma. In other countries around the world 
similar approvals have been made. These agents 
are BRAF protein inhibitor or mitogen-activat-
ed protein kinase (MEK) inhibitors, antagonistic 
antibodies against cytotoxic T lymphocyte asso-
ciated antigen 4 (CTLA 4), antibodies directed at 
programmed cell death protein 1 (PD 1) and the 
modified oncolytic herpes virus talimogene la-
harparepvec (TVEC). Since that time the goals of 
treatment in stage four melanoma have changed 
from slowing down the disease progression to du-
rable clinical responses and good disease control. 
Both BRAF-targeted therapy and immunotherapy  
lead to improvement of the overall survival in pa-
tients with metastatic melanoma.4, 5

In 2011 vemurafenib was given a FDA approv-
al for the treatment of adult patients with BRAF 
V600 mutated locally advanced or metastatic 
melanoma. Drug was not available in patients in 
the Republic of Srpska until 2016. Before that all 
patients received dacarbazine based chemothera-
py for the treatment of stage four melanoma. FDA 
approved cobimetinib in combination with vemu-
rafenib to treat patients with metastatic melano-
ma in 2014.

Pembrolizumab was given approval in the same 
indication in 2015. Both of these treatment op-
tion became available in the Republic of Srpska in 
2018. These drugs are available only for limited 
number of patients, others are still receiving che-
motherapy. The use of these drugs has led to im-
provements in progression free survival (PFS) and 
overall survival (OS) in patients with melanoma 
treated in the first line and their efficacy has been 
confirmed through clinical trials.
 
BRAF targeted therapies 

Half of all patients have BRAF mutated melano-
ma at exon V600.6 The first approved agent for 

the therapy of BRAF mutated metastatic melano-
ma was vemurafenib. Vemurafenib is a selective 
inhibitor of V600E mutant BRAF. This drug pro-
vided a benefit not previously seen in stage four 
melanoma.7  BRIM3 was a phase III randomised 
trial and in this trial vemurafenib was compared 
against dacarbazine chemotherapy. Objective re-
sponse rate (ORR) was 48 % compared to 5 % 
and the median PFS was 5.3 months compared to 
1.6 months respectively.7  Data from the extended 
follow up study showed OS was 13.3 months in 
the vemurafenib group compared to 10.0 months 
in the dacarbazine group (hazard ratio (HR) 0.75; 
p = 0.0085.8 BRAF signalling pathway depends on 
a downstream activation of MEK1/2. Therefore, 
it was a priority to develop a MEK inhibitor. In a 
phase I study combination of vemurafenib and co-
bimetinib, MEK1/2 inhibitor, had a very good ef-
ficacy.9 This study included both treatment naïve 
patients and those who progressed to previously 
administered BRAF inhibitors. In patients who 
were naive to prior treatment with a BRAF inhib-
itor ORR was 87 % and the median PFS was 13.7 
months. These data were the basis for the phase 
III coBRIM trial.4, 10, 11 In this trial 495 patients 
were treated with vemurafenib and cobimetinib, 
or vemurafenib and placebo. ORR was 70 % in 
the vemurafenib/cobimetinib group versus 50 % 
in the vemurafenib/placebo group. PFS was 12.3 
months compared to 7.2 months and OS was 22.3 
months compared to 17.4 months (HR 0.70; p = 
0.005) respectively. Based on these data BRAF 
and MEK inhibitor combination therapy became 
a standard treatment of BRAF mutated metastatic 
melanoma. 4, 10, 11

Immunotherapy

Discovery of immune checkpoint inhibitors im-
proved the use of immunotherapy in the treat-
ment of melanoma. Ipilimumab was the first 
monoclonal antibody to be approved for the treat-
ment of stage four melanoma. Ipilimumab blocks 
the CTLA 4 and activates immune system against 
cancer.12 Monotherapy directed against CTLA4 
has increased survival rate in metastatic melano-
ma up to 22 %.13 PD-1 inhibitors pembrolizumab 
and nivolumab activate the anticancer immune re-
sponse by blocking the interaction between PD-1 
on T cells and its ligands PD-L1 and PD-L2  who are 
expressed on antigen presenting cells and tumour 
cells.14, 15 In KEYNOTE 001, 002 and 006 trials 
pembrolizumab monotherapy provided durable 
response rates of 30 – 40 %.5, 16, 17 These trials in-
cluded previously treated and treatment-naive pa-
tients.5, 16-21 In phase I CA209-003 study treatment 
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Methods

A non-randomised observational retrospective/
prospective trial was conducted to investigate 
first experiences with the use of BRAF targeted 
therapy and immunotherapy for cutaneous mela-
noma patients and compare the results with the 
literature data. The trial was performed in the 
period from May 2017 until December 2020 at the 
Oncology Clinic, University Clinical Centre of the 
Republic of Srpska. This trial included total of 32 
patients. Patients were 18 years and older Cauca-
sians, had unresectable stage IIIC or stage IV mel-
anoma and Eastern Cooperative Oncology Group 
performance status (ECOG PS) 0-3. The patients 
who were treated with BRAF/MEK targeted ther-
apy had pathohistologically confirmed BRAF mu-
tated metastatic melanoma. Distribution of meta-
static sites is shown in Table 1. Every patient was 
presented to and their treatment protocol was 
approved by a multidisciplinary tumour board.

with nivolumab resulted in a cumulative response 
rate of 28 % and OS rate of 34 %, in the advanced 
melanoma cohort of patients.22, 23 Later phase III 
studies of nivolumab monotherapy in treatment 
naive and previously treated patients with meta-
static melanoma provided durable response rates 
of 32 % and 40 %, respectively.24, 25 Results from 
these trials led to approval of pembrolizumab and 
nivolumab for the treatment of patients with ad-
vanced melanoma.

The goal of this study was to determine efficacy 
profile (ORR, OS and PFS) and safety profile of 
targeted therapy and immunotherapy in patients 
with advanced metastatic cutaneous melanoma 
treated at the Oncology Clinic, University Clini-
cal Centre of the Republic of Srpska (UCC RS) and 
compare obtained results with the literature data.

Table 1: Distribution of metastatic sites

Table 2: Baseline demographics and clinical characteristics of patients with cutaneous melanoma

N

Characteristics
Target therapy

Vemurafenib pembrolizumabBRAF/MEK
(vemurafenib/cobimetinib)

Immunotherapy

%

6

5

2

4

2

6

66.6

55.5

22.2

44.4

22.2

66.6

50.0

42.8

35.7

35.7

42.8

64.2

88.8

44.4

22.2

33.3

11.1

100.0

7

6

5

5

6

9

8

4

2

3

1

9

Affected organs/vemurafenib

Lung

Liver 

Skin / Subcutaneous tissue 

Brain 

Bones 

Lymph nodes

Affected organs/vemurafenib/cobimetinib

Lung

Liver 

Skin / Subcutaneous tissue 

Brain 

Bones 

Lymph nodes

Affected organs/pembrolizumab

Lung

Liver 

Skin / Subcutaneous tissue 

Brain 

Bones 

Lymph nodes

Number of patients
Average age
Sex

Men
Women
 

Therapy regimen

9
51

4
5

14
54

9
5

56

5
4

960 mg twice daily 200 mg every three weeks

vemurafenib 960 mg
twice daily continuously and

8 with BRAF wild and 1 with BRAF mutated

cobimetinib 60 mg
once daily for 21 days

In the period from June 2017 until December 
2020, a total of 23 patients received BRAF target-
ed therapy for the treatment of metastatic mela-
noma in the first line of treatment. Nine patients 
received vemurafenib (four men and five women 
with average age of 51 years) at a dose of 960 mg 
twice daily continuously until disease progres-
sion. Fourteen patients received a combination of 
BRAF/MEK inhibitor (nine men and five women 
with average age of 54 years) at a dose of vemu-
rafenib 960 mg twice daily continuously and co-
bimetinib 60 mg once daily for 21 days until dis-
ease progression (Table 2).

In the period from May 2017 until December 
2020, nine patients were treated with pembroli-
zumab immunotherapy. Eight patients had BRAF 
wild and one patient BRAF mutated melanoma. 
All patients received the drug at a dose of 200 mg 
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every three weeks. Five patients were men and 
four were women with an average age of 56 years 
(Table 2).

The drugs were administered according to the 
indication for the treatment of locally advanced 
and metastatic melanoma in the first line of treat-
ment. 

It was used MedCalc statistical software for pro-
cessing collected data. The Kaplan–Meier (KM) 
method was used to estimate the OS curve in each 
treatment population. Also, KM method was used 
to calculate the PFS curve in each patient group. 
ORR was calculated as the sum of patients who 
had a partial or complete response to therapy.

Tumour assessments were conducted by the in-
vestigators according to Response Evaluation 
Criteria in Solid Tumours (RECIST), version 1.1.26 
Tumour assessments were conducted every three 
months. AEs were assessed using National Cancer 
Institute Common Terminology Criteria for Ad-
verse Events, NCICTCAE v4.27 A data cut-off date 
was 15 December 2020.

Efficacy and safety profile of targeted therapy 

Vemurafenib 

Total of nine patients were treated in vemurafenib 
group. The ORR was 44.4 %. Four patients (44.4 
%) had partial regression and five patients (55.6 
%) had disease progression. The median PFS was 
five months (95 % CI, 1 to 11) and the median OS 
was nine months (95 % CI, 2 to 17). KM estimates 
of PFS and OS are presented in Figure 1.

Results

Figure 1: Kaplan–Meier curves - Kaplan-Meier survival esti-
mates of median progression free survival (PFS) and median 
overall survival (OS) in patients with cutaneous melanoma treat-
ed by vemurafenib

Four out of nine patients experienced adverse 
events (AEs) 44.4 %. In three patients the dose 
was reduced to 50 % of the starting dose due to 
Grade (Gr) 2 and Gr 3 erythema. None of the pa-
tients had Gr 4 AEs and total percentage of Gr 3 
AEs was 33.3 %. Vemurafenib safety profile in ob-
served group of patients was persistent with the 
safety profile described in the literature. All AEs 
were manageable and tolerable. AEs are listed ac-
cording to grade and percentage in Table 3.

Table 3: Adverse events in patients receiving targeted therapy

Vemurafenib

Vemurafenib/Cobimetinib

G1

2

G2

1

1

G1

1

3

1

1

G2

3

1

1

1

1

2

G3 

4

1

1

1

1

1

G4

G3

2

G4 Total (N)

2

2

1

1

Total (N)

1

7

1

1

1

2

4

1

1

1

4

(%)

33.3

33.3

16.6

16.6

(%)

4.1

29.1

4.1

4.1

4.1

8.2

16.4

4.1

4.1

4.1

16.4

Adverse events

Rash

Erythema

Arthralgia

Fatigue

Adverse events

Itching 

Acneiform dermatitis 

Erythema

Muscle pain

Hypertension 

Diarrhoea

Nausea 

Vomiting 

Arthralgia 

Loss of appetite

Fatigue

Vemurafenib/cobimetinib 

Total of fourteen patients were treated in vemu-
rafenib/cobimetinib group. ORR overall response 
rate was 71.4 %. Eight patients had partial re-
gression (57.1 %), two patients had complete 
regression, two had stable disease and two had 
disease progression. Median PFS was 9 months 
(CI 95 % 7 to 13) and median OS was 12 months 
(CI 95 % 9 to 28). KM estimates for PFS and OS 
are presented in Figure 2.

Ten out of fourteen patients experienced a AEs 
(71.4 %). Due to AEs both vemurafenib and cobi-
metinib doses were reduced in 8 patients (50 % 
dose reduction). After the resolution of the AEs 
three patients continued therapy in the initial 
full dose. Five patients continued therapy in the 
reduced dose. There was no treatment discontin-
uation.

The incidence of Gr 3 AEs was 37.5 %. There were 
no Gr 4 AEs. The largest number of patients in the 
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Figure 2: Kaplan–Meier curves - 
Kaplan-Meier survival estimates 
of median progression free sur-
vival (PFS)  and median overall 
survival (OS) in patients with 
cutaneous melanoma treated by 
vemurafenib and cobimetinib

Figure 3: Kaplan–Meier curve - Kaplan-Meier survival esti-
mates of median progression free survival (PFS) and median 
overall survival (OS) in patients with cutaneous melanoma 
treated by pembrolizumab

Table 4: Adverse events in patients with cutaneous melanoma 
receiving immunotherapy 

Pembrolizumab

G1 G2

1

1

1

G3 

 

1

1

G3 

 

1

Total (N)

1

1

1

1

1

1

(%)

16.6

16.6

16.6

16.6

16.6

16.6

Adverse events

Anaemia

Thrombocytopenia

Thyroiditis  

Hepatitis 

Nausea 

Fatigue

present analysis had acneiform dermatitis, 29.1 %, 
when compared to total number of AEs (Table 3).

Pembrolizumab 

The ORR in nine patients receiving pembrolizumab 
was 22.9 %. Eight patients had BRAF wild and one 
patient BRAF mutated melanoma. Two patients had 
partial regression (22.9 %) five patients had stable 
disease (55.5 %) and two had disease progression 
(22.9 %). The median PFS was 3 months (95 % CI, 1 
to 11) and the median OS was 4.5 months (95 % CI, 
2 to 12). KM estimates for PFS and OS are presented 
in Figure 3.
Adverse events occurred in six out of nine patients 

(66.6 %). The total number of Gr 3 and Gr 4 AEs was 
33.2 % and 16.6 %, respectively. In one patient pem-

brolizumab was discontinued due to hepatitis Gr 4.
In Table 4 adverse events are listed according to 
grade and percentage.

Discussion

Results in this analysis, in all three groups, were 
inferior compared to the results from registra-
tional clinical trials except for ORR in patients 
receiving vemurafenib and vemurafenib/cobime-
tinib. AEs were tolerable and manageable and are 
similar to those in clinical trials. There were no 
treatment delays or dose reduction due to limited 
access to drugs.

In BRIM study ORR was 48 % in vemurafenib 
treatment group and 5 % in patients receiving 
dacarbazine.8 The median PFS was 6.8 months 
and the median OS was 13.2 months in patients 
receiving vemurafenib. The median PFS and OS 
in patients receiving dacarbazine were 1.6 and 
9.7 months. The results obtained in this analysis 
matched the data from this registrational trial 
for ORR. In this analysis ORR was 44.4 %. Medi-
an PFS was five months and median OS was nine 
months, both inferior to the PFS and OS in the 
BRIM trial. Safety of vemurafenib was assessed 
in an open-label multicentre study in patients 
with untreated or previously treated melanoma 
and a BRAF (V600) mutation. In this trial com-
mon AEs of all grades included rash (49 %), ar-
thralgia (39 %), fatigue (34 %), photosensitivity 
reaction (31 %), alopecia (26 %) and nausea (19 %). A 
total of 46 % of patients reported Gr 3 or Gr 4 ad-
verse events, including cutaneous squamous cell 
carcinoma (12 %), rash (5 %), liver tests abnor-
malities (5 %), joint stiffness (3 %) and fatigue 
(3 %).28 Vemurafenib safety profile in observed 
group of patients was persistent with the safety 
profile described in the literature. All adverse 
events were manageable and tolerable.

In the coBRIM trial patients receiving vemu-
rafenib/cobimetinib had ORR 70 %, median PFS 
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was 12.6 and median OS was 22.5 months.4 In 
this analysis 14 patients received vemurafenib/
cobimetinib. ORR for those patients was 71.4 %. 
Three patients did not reach PFS and two of them 
had complete responses. Median PFS was nine 
months and median OS was 12 months. Results 
for ORR match the results from registrational co-
BRIM trial and results for PFS and OS are inferior 
to those in the trial. In this trial, the most common 
AEs reported were gastrointestinal disturbances 
in more than 10 % of patients (diarrhoea 60 %, 
nausea 41 %, vomiting 24 % and stomatitis 14 %), 
skin and subcutaneous tissue disorders (photo-
sensitivity reaction 46 %, acneiform dermatitis 
16 %), hypertension 15 %, bleeding 13 %. All of 
the listed AEs reported in this analysis are among 
the most common AEs reported in this trial. 

Estimated 5-year OS in KEYNOTE-001 trial in pa-
tients receiving pembrolizumab was 34 % in all 
patients and 41 % in treatment naive patients, 
median OS was 23.8 months and 38.6 months, 
respectively. In all patients estimated 5-year PFS 
rates were 21 %. In treatment naive patients es-
timated 5-year PFS rates were 29 %. Median PFS 
for all patients was 8.3 months and 16.9 months 
for treatment naive patients.29

Compared to data from this trial these results 
were inferior. Median PFS was 3 month and me-
dian OS was 4.5 months. The ORR in patients re-
ceiving pembrolizumab was 22.9 %. In the group 
of nine patients two are still in treatment without 
the disease progression. The reasons for these re-
sults can be explained by the fact that six out of 
nine patients had high volume disease, with three 
or more metastatic sites affected. Patients with 
high volume disease and BRAF mutated mela-
noma could be better candidates for BRAF/MEK 
combination therapy because of the need for fast 
treatment response. Three patients had brain 
metastases and two patients were ECOG PS 3, 
both of these were exclusion criteria in the KEY-
NOTE 001 trial and contributed to the inferior 
results in this analysis. Safety of pembrolizumab 
in a treatment of melanoma was assessed in KEY-
NOTE-001, KEYNOTE-002 and KEYNOTE-006 
trials. Total of 1567 patients had AEs (median fol-
low-up, 42.4 months). Most AEs were mild/mod-
erate. Gr 3 and Gr 4 AEs occurred in 17.7 % of pa-
tients. 23.0 % of patients had immune mediated 
AEs of any grade. Most common AEs were hypo-
thyroidism (9.1 %), pneumonitis (3.3 %) and hy-
perthyroidism (3.0 %). A total of 6.9 % of patients 
had Gr 3 and Gr 4 immune mediated AEs. In pre-
sented analysis an equal percent of Gr 2 (3/6) and 
Gr 3/4 (3/6) adverse events were present. The 

data obtained are not consistent with data from 
the study where the highest number of AEs were 
Gr 1 and Gr 2. These results are not conclusive 
and not statistically significant due to the small 
number of patients receiving pembrolizumab.

Results in this analysis, in all three groups, were 
inferior compared to the results from registra-
tional clinical trials except for ORR in patients 
receiving vemurafenib and vemurafenib/cobime-
tinib. Reasons for these are small number of pa-
tients that were included in this analysis, insuffi-
cient selection of patients because of the limited 
drug availability and shorter follow up period. 
Adverse events were tolerable and manageable 
and are similar to those in clinical trials. First 
experiences with the application of immunother-
apy and targeted therapy suggest that this is a 
therapy that is highly effective in well selected 
patients with an acceptable safety profile.

Limited access to drugs is related to the number 
of patients who have access to the drugs. Only 
limited number of patients have access to the 
drug each year. The others are put on the waiting 
list or are receiving chemotherapy. Based on the 
experience with the targeted and immunother-
apy in the centre, which was presented in this 
study, it could be concluded that in conditions 
when there is limited access to drugs, the great-
est benefit have the patients who meet the inclu-
sion criteria in clinical trials.

Conclusion

First experiences with the application of im-
munotherapy and targeted therapy suggest 
that this is a therapy that is highly effective in 
well selected patients with an acceptable safe-
ty profile. In conditions when there is limited 
access to drugs, the greatest benefit have the 
patients who meet the inclusion criteria in clin-
ical trials.
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Abstract
Background / Aim: Nephrotic syndrome (NS) is a clinical syndrome charac-
terised by massive proteinuria > 3.5 g in 24 h urine, hypoalbuminaemia, hyper-
lipidaemia and oedema. Aim of this study was to determine the aetiology and 
frequency of kidney diseases that occur as the cause of NS in adults in the Re-
public of Srpska and the progression of renal insufficiency, disease outcomes 
and efficacy of applied therapy.
Methods: The retrospective study included patients aged 18 to 80 hospitalised 
between 2014 and 2018 due to clinically and laboratory-manifested NS. In pa-
tients with suspected primary glomerular disease, a kidney biopsy with immu-
nofluorescent dyeing was performed. The first examination involved hospital 
admission and the next check-up six months after the first hospitalisation. Basic 
clinical parameters were followed: creatinine, clearance creatinine, albumin, 
total protein, cholesterol, total protein in 24 h urine and microscopy of urine 
during the first hospitalisation and repeated same laboratory findings on con-
trol. The progression of kidney failure during this period was assessed, as well 
as the efficacy of immunosuppressive therapy.
Results: In primary NS category membranous glomerulonephritis (MGN) was 
present at 40.7 % of patients, followed by focal segmental glomerulosclerosis 
(FSGS) 21.7 %, membranoproliferative glomerulonephritis (MPGN) 11.9 % and 
IgA glomerulonephritis (IgAN) 11.9 %. Nephroangiosclerosis was verified as the 
most common cause of secondary NS with 28.8 % and lupus nephritis 21.2 %, 
followed by ANCA-associated GN (11.5 %) and diabetic nephropathy (11.5 %). 
Thirty-four patients (21 %) died during the follow-up. Thirty-four patients 
(18.6 %) progressed to end stage renal disease during the five-year follow-up.
Conclusion: The pathology of kidney disease in older patients is often very 
complex; therefore, a kidney biopsy should be conducted at an early stage of 
kidney disease for the purpose of obtaining an accurate diagnosis, determining 
appropriate treatment and thus improving the prognosis of the patient.

Key words: Nephrotic syndrome; Aetiology; End stage renal disease; Follow-up; 
Outcome.
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Introduction

Nephrotic syndrome (NS) is one of the most com-
mon syndromes in nephrology, but at the same 
time it is challenging for nephrologists in terms 
of making a timely diagnosis and treatment. It 

is defined as an increase in protein over 3.5 g in 
24 h urine with the advent of hypoalbuminae-
mia, oedema and hyperlipidaemia. Diseases that 
cause NS are generally categorised into those 
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Methods

The research was conducted as a retrospective 
cohort study that included 177 respondents aged 
18 to 80 who were hospitalised for clinical and 
laboratory manifestations of NS from 2014 to 
2018. For the study, the consent of the Indepen-

that primarily include the kidney (primary glo-
merular diseases) and those that secondary lead 
to kidney disease (secondary nephrotic syn-
drome). Studies show that NS aetiology in adults 
varies on many factors such as gender and race, 
but there are differences in geographic distribu-
tion as well. Focal segmental glomerulosclerosis 
(FSGS) appears as the most common cause of NS 
adults in the world.1, 2 The Italian, Spanish and 
Japanese registries cite membrane nephropathy 
(MN) as the most common cause of NS is in the 
examined regions.3-5 In terms of racial affiliation, 
FSGS is most common. Epidemiological studies 
have shown that patients with NS are vulnera-
ble to a wide variety of adverse events: end stage 
renal disease (ESRD), thromboembolism, infec-
tion, malignancy, cardiovascular disease and 
all- cause mortality.6 Immunosuppressive thera-
py is main treatment modality for patients with 
primary NS as suggested by clinical guidelines of 
primary NSs.7 Systematic reviews of randomised 
controlled trials on immunosuppressive therapy 
in patients with MN, the most extensively studied 
glomerulonephritis (GN) in primary NS, clarified 
that some immunosuppressive drugs reduced 
all-cause mortality and risk of ESKD, although 
the number of trials with a high-quality design 
was relatively small and most trials did not have 
adequate follow-up and enough power to assess 
the prespecified definite outcomes.

The aim of the present cohort study was to clar-
ify the incidence of major clinical outcomes in 
177 patients with NS during the 5-year follow-up 
period. The outcomes of interest were remission 
and relapse of proteinuria, deterioration in kid-
ney function (50 % and 100 % increases in serum 
creatinine level and ESKD), CVD, all-cause mor-
tality and other adverse events associated with 
immunosuppressive therapy, including infection, 
diabetes, arteriovenous thrombosis, aseptic os-
teonecrosis and peptic ulcers. The results of the 
present study provide pivotal information to de-
termine the clinical goals of the treatments for 
primary NS.

dent Ethics Committee of the Institute (EO) (No 
01-9-291-2/18) was obtained on 07.06.2018. In 
most patients, kidney biopsies with immunoflu-
orescent colouring were performed. The analysis 
of kidney biopsies was conducted by a patholo-
gist admission in the University Clinical Centre of 
the Republic of Srpska (UCC RS) Banja Luka. The 
entire clinical properties, histological markings, 
laboratory results and parameters of monitoring 
each patient were collected for further analysis. 
The study included respondents who did not have 
an indicative kidney biopsy and have been treat-
ing with symptomatic therapy and been monitor-
ing progression of kidney insufficiency.

Kidney biopsy was performed by a nephrologist, 
under real-time ultrasound control with a patient 
in a lying position. The preferred place to get 
kidney biopsies was the lower region of the left 
kidney. An automated biopsy gun was used for 
the biopsy and biopsies measuring 16 G or 18 G 
ensured the biopsy sample contained at least ten 
glomerulus.

Diagnostic criteria and pathological 
classification
Biopaths that were pathohistologically (PH) ver-
ified as GN were classified according to 1990 
WHO criteria. Kidney biopsy samples were also 
processed and routinely coloured with haema-
toxylin and eosin (H&E), periodic acid-Schiff re-
action (PAS), methenamine periodic acid Schiff 
(MPAS) or Masson's trichrome thaw (Masson) 
for subsequent light microscopic testing. Immu-
nofluorescence dyeing was carried out with IgA, 
IgG, IgM, C3, C4, C1q, Fib and kappa and lambda 
light chains. Electron microscopy was not rou-
tinely performed.

Histological categories were classified as follows: 
Primary GN (PGN), which included minimal dis-
ease change (MCD), FSGS, membrane nephrop-
athy (MN), IgA nephropathy (IgAN), mem-
branoproliferative GN (MPGN),  anti-glomerular 
basement membrane (GBM) GN. Further analy-
sis was carried out by patients divided into four 
groups arbitrarily according to age at the time of 
the kidney biopsy (15-30, 31-45, 46-60 and ≥ 61).

Clinical data analysis
The following data was collected: gender, age, 
clinical and laboratory data, pathological diag-
nosis, treatment, clinical responses to treatment 
and tracking data. Basic laboratory parameters 
were monitored: creatinine, creatinine clearance, 
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Table 1: Parameters of patients with nephrotic syndrome

Table 2: Mortality and end-stage renal disease (ESDR) in pa-
tients with nephrotic syndrome

OR: Odds ratio; CI: Confidential interval; GN: glomerulonephritis; 

GN: glomerulonephritis;

Parameters

Parameters

Result

Primary
GN

Secondary
GN p-value

OR
(95 % CI)

Age
Sex: male : female
Primary GN: Secondary: Other
Biopsy: yes : no
Haemodialysis:  yes : no
Transplantation (yes : no)
Hypertension (yes : no)
Total proteins in serum (g/L)
Albumins in serum (g/L)
Creatinine in serum (μmol/L)
Cholesterol in serum (mmol/L)
Triglycerides in serum (mmol/L)
Proteinuria (g / 24 h urine)
Macrohematuria (yes : no)

Diseased
Yes
No

ESDR
Yes
No

51.97 ± 14.86
108 : 69

83 : 70 : 18
124 : 53
36 : 139
4 : 170

147 : 30
53.57 ± 10.46
28.17 ± 8.66

180.63 ± 148.17
7.01 ± 3.24
2.64 ± 1.44
2.30 ± 0.94

106 : 71

7
79

8
78

20
53

15
58

0.001

0.049

0.235 
(0.093- 0.594)

0.397 
(0.158 -0.998)

serum albumins and total proteins, cholester-
ol, total proteins in 24 h urine and microscopy 
of urine during the first hospitalisation and re-
peated same laboratory after six months. Pa-
tients were collected according to data from the 
information system on admission to the hospital 
although some of them were already on therapy 
for NS and not all had nephrotic proteinuria. Due 
to the small sample and heterogeneous immuno-
suppressive therapy, it was not possible to ade-
quately determine the degree of remission and 
draw appropriate conclusions, but the mortality 
and survival of the kidneys in these patients were 
determined.

Kidney survival was defined as the time until the 
first of any of the following events: the onset of 
dialysis, kidney transplantation or estimated glo-
merular filtration rate (eGFR) falls to < 15 mL/
min at any point during follow-up after which 
treatment with replacement kidney function con-
tinues.

Statistical analysis of data
All of the study data was collected in a standard 
EXCEL database and the statistical analysis was 
conducted using commercial statistical software 
SPSS 18. The descriptive statistics parameters 
were presented as the mean ± standard deviation 
(SD), 95 % confidence interval (CI) and median. 
The statistically significant difference was as-
sessed at a minimum level of p < 0.05. The normal-
ity of the distribution of continuous parameters 
was performed using the Kolmogorov-Smirnov 
test. Depending on the results of this test, the 
statistical significance between the groups was 
checked by the application of the Student t-test 
(alternatively the Mann-Whitney U-test). Some 
variables were represented in the frequency of 
certain markings (categories) and the statistical 
significance of the differences was determined by 
the application of the Chi Square test (Fisher test 
in case of expected frequencies < 5).

Table 1 displays the general characteristics of the 
examined population.

Out of 177 respondents with NS, 124 had kidney 
biopsy. In 119 respondents, they were diagnosed 
with PH. The patient population included 108 

Results

men and 69 women and an average age was 51.97 
± 14.86 (range 18-80 years). The median results 
of laboratory tests for proteins in urine and al-
bumins in the blood was 2.30 ± 0.94 g/24 h urine 
and 28.17 ± 8.66 g/L, respectively. The average 
value of the creatinine in the serum was 180.63 ± 
148.17 (μmol/L), the value of total proteins in the 
serum was 53.57 ± 10.46 (g/L), cholesterol 7.01 
± 3.24 (mmol/L), serum triglycerides 2.64 ± 1.44 
(mmol/L). Primary GN was more common than 
secondary GN (83 : 70). In 36 patients, haemo-
dialysis treatment was indicated and 4 patients 
had kidney transplants. Microhaematuria was 
present in 106 patients (Table 2).

Distribution of primary and second-
ary glomerulopathy 
Figure 1 is showing that within the primary NS 
category membranous GN (MGN) was present 
in 40.7 % of patients, followed by FSGS 21.7 %, 
MPGN 11.9 % and IgAN 11.9 %. Other pathologi-
cal types of primary GN were MCD 6.8 % and anti 
GBM GLN (1.7 %). Nephroangiosclerosis was ver-
ified as the most common cause of secondary NS 
with 28.8 % and lupus nephritis 21.2 %, followed 
by ANCA-associated GN (11.5 %) and diabetic 
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Figure 1: Distribution of primary glomerulonephritis
FSGS: focal segmental glomerulosclerosis; MPGN: membrane proliferation 
glomerulonephritis; MGN: membrane glomerulonephritis; IgA: immunoglobu-
lin A nephropathy; Anti GMB: anti glomerular basement membrane glomeru-
lonephritis; MCD: minimal lesion disease.

Figure 2: : Distribution of secondary glomerulonephritis
NS: nephroangiosclerosis; IST: chronic interstitial nephritis; Amylo: amyloi-
dosis; DN: Diabetes Nephropathy; ANCA+: ANCA positive glomerulonephritis;  
ANCA-: ANCA negative glomerulonephritis; LN: lupus nephritis (LN), PIGN: 
post-infective glomerulonephritis; MM: multiply myeloma.

nephropathy (11.5 %). Multiply myeloma as the 
cause of secondary NS was verified in 5.8 % of 
respondents (Figure 2).

Table 3: Mortality of patients with nephrotic syndrome relative to 
the general population

OR: Odds ratio; CI: Confidential interval; 

Groups Mortality p-valueWhole
group

OR
(95 % CI)

NEFRO study
WHO

11
142

123
1000

0.158
0.628

(0.332-1.196)

Table 4: Clinical and laboratory parameters related to end-stage 
renal disease (ESDR) in patients with nephrotic syndrome

Parameter
ESRD

Yes No p-value OR
(95 % CI)

Haemoglobin (g/L)
< 120
≥ 120

Phosphataemia (mg/dL)
< 1

1 - 2
> 2

Cholesterol (mmol/L)
< 5
≥ 5

Diabetes mellitus
Yes
No

15
8

1
7

13

9
9

14
16

40
61

5
71
19

27
78

25
127

0.026

0.036

< 0.0001

2.859 
(1.110-7.365)

4.445 
(1.927-10.252)

2.889 
(1.039-8.030)

Mortality rate
Thirty-four patients (21 %) died during the fol-
low-up. Deaths were more likely in patients with 
secondary NS and those aged 60 and above (Ta-
ble 2) (p < 0.001 log-ranked test). The observed 
mortality was higher than those predicted for 
age and gender of the general population (Table 3). 
In patients with primary NS, the observed five-
year mortality rate relative to the population 
was 8.9 % (95 % CI 0.0 %-4.6 %) versus 0.9 % 
(0.8 %-1.0 %) in patients under 60 and 38.33 % 
versus 9.4 % in those over 60 (Table 4). In prima-
ry NS, cardiovascular causes accounted for 28 % 
of deaths, compared to 18 % in the general pop-
ulation. Thirty-six patients (19.45 %) progressed 
to ESKD. The ESKD incident in 5 years was pri-

mary compared to secondary NS showed static 
significance relative to the general population 
(compared to WHO data) with high statistical 
significance p = 0.397, 95 % CI (0.158-0.998) 
(Table 3).

Cause of death
Patients with primary NS were most likely to die 
from cardiovascular diseases, which were not-
ed as the leading cause of death in 15 patients. 
Patients with secondary NS were relatively less 
likely to die from cardiovascular disease and 
were more likely to have died of cancer as the 
main cause of NS. Vein thromboembolism was 
recorded as one of the causes of death but is 
more often cited as a contributing factor to mor-
tality in secondary NS.

ESRD
Thirty-four patients (18.6 %) progressed to ESKD 
during the five-year follow-up. ESRD during mon-
itoring was more common in patients with sec-
ondary than primary NS. There was a competitive 
risk between progression in ESKD. In patients 
aged < 60, the risk of ESKD was higher than the 
risk of death. In patients aged 60 and over, the risk 
of mortality was higher than those of ESKD in pa-
tients with primary NS and equivalent to the risk 
of ESRD in patients with secondary NS. This com-
petitive risk, ESRD rates (with 95 % CI) in 5 years 
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Discussion

There is not a single national kidney biopsy reg-
istry in Bosnia and Herzegovina. Epidemiological 
data from different centres inevitably has geo-
graphical, racial and time variations. It is also 
possible to change the pattern of representation 
of GN within the same country is likely due to 
infection control, environmental pollution, in-
creased awareness of disease and changes in life 
expectancy.

This study analysed the histopathological spec-
trum of diseases in patients with NS different 
ages and genders who underwent kidney biop-
sies. Of 124 patients with NS in this study, who 
were subjected to kidney biopsies, the most com-
mon primary GN was MN (40.7 %), then MPGN 
(11.9 %), the most common secondary cause of 
NS was nephroangiosclerosis 28.8 %, followed 
by lupus nephritis 21.2 %, diabetic nephropathy 
11.5 %, and ANCA negative GN. A similar study 
was conducted in China,8 1,523 patients with NS 
were included and MN (20.7 %) was singled out as 
the most common cause. Similar studies in Spain, 
Italy and the United Arab Emirates reported that 
MN was the leading cause of the NS, however, the 
data was mainly from the 1990s. Therefore, it can 
be assumed that the MCD still occupies a signifi-
cant part of the NHS in the last decades.13 Howev-
er, recent studies have found that the frequency 
of FSGS is gradually increasing world-wide which 
can be confirmed by this study as well.

IgAN was observed in 11.9 % of all adult patients 
in the present study, this finding is in line with 
other studies in India. However, IgAN was the 
most common type of glomerulopathy in other 
studies in China.9, 10 However, the prevalence of di-
agnosis varies with age. FSGS was the most com-
mon pathology in younger adults up to the age of 
45. After that, MGN took the lead, followed by am-
yloidosis. Without the results of a kidney biopsy, 
treatment can be ineffective and in patients there 
would be progression of kidney weakness. Pa-
tients undergo kidney biopsies in the early stages 
of the disease according to prescribed indications 
in order to obtain an accurate pathology diagno-
sis.

The results of this study also suggest that pa-
tients with primary NS who receive appropriate 
immunosuppressive therapy may achieve full or 
PR. By test of paired samples, statistically signif-
icant reduction in the value of proteinuria in 24 h 
urine (from AS = 7.18 to AS = 3.52), p < 0.0005 was 
verified. The value of the eta square (0.33) shows 

Table 6: Value of total proteins in 24 h urine on first hospital-
isation and on control examination in patients with nephrotic 
syndrome

N N% %
Total proteins
in 24 h urine

No data
Total

≤ 3.5 g
> 3.5 g
Total

52
124
176

2
178

60
26
86
92

178

29.2
69.7
98.9

1.1
100

33.7
14.6
48.3
51.7
100

Table 7: Impact of intervention on the value of creatinine clear-
ance levels (Ccr) and proteins in 24 h urine (BIURET) in patients 
with nephrotic syndrome

A statistically significant decrease in the value of the biuret (from AS = 7.18 to 
AS = 3.52) is verified, p < 0.0005. The value of the eta square (0.33) indicates 
that the impact of the intervention is high. Values: BIURET: g/24 h urine, Ccr: 
mL/min 

MeanParameter dfSD t p

BIURET - BIURET2

Ccr - Ccr2

3.660

3.575

5.272

34.052

0.000

0.431

6.437

0.793

85

56

Table 5: Distribution of renal insufficiency determined by creat-
inine clearance levels (Ccr) in patients with nephrotic syndrome

Ccr (mL/min) N %

  0-15
16-30
31-45
46-60
  > 60
Total

5
22
17
17
71

132

3.79
16.67 
12.88 
12.88 
53.79 

100.00 

were 8.4 % (4.9 %-11.7 %) in primary NS and 35.1 
% (24.3 %-44.5 %) in secondary NS. Progression 
to terminal kidney insufficiency correlates with 
lower basic eGFR risk of progression in ESRD 
(HR 2.4, 95 % CI 1.6-3.6), with lower haemoglo-
bin < 120 g/L, as well as hyperphosphatemia and 
hypercholesterolemia and in patients with dia-
betes mellitus (Table 4).

Patients were also categorised according to cre-
atinine clearance levels (Ccr) in five groups: Ccr 
> 60 mL/min had 53.79 % of patients, Ccr 46-60 
had 12.88 %, Ccr 31-45 mL/min had 12.88 % of 
patients, 16-30 mL/min 16.67 % and Ccr < 15 
mL/min 3.78 % of patients (Table 5). Data on to-
tal protein in 24 h urine verified that 69.7 % of 
patients had nephrotic protein supplements at 
the beginning of the study and after the therapy 
was applied in 6 months, nephrotic proteinuria 
was 14.6 % indicating the efficacy of applied 
therapy (Table 6, 7).

First examination Control examination
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that the impact of the intervention was large, ie 
that immunosuppressive therapy has led to a pos-
itive effect in terms of reducing proteinuria in 24 
h urine which is one of the parameters of slowing 
the progression of the underlying disease. In this 
research, MN (24.7 %) was the most common and 
clinically significant primary GN diagnosed in the 
group of older patients, followed by FSGS 27.1 % 
and IgAN (11.9 %). As the most common second-
ary glomerulopathy, data was recorded for lupus 
nephritis 21.2 %, diabetic nephropathy 11.5 % 
and ANCA negative GN.

MGN was the most common pathological type in 
older adults and a small part of MGN has been as-
sociated with malignant diseases and the use of 
specific drugs. Such findings underscore the need 
for a more detailed examination of kidney biop-
sies obtained from older people diagnosed with 
MN.

Limitation of the study
The study's deficiencies are a relatively small 
number of respondents. Therefore, the results 
cannot clearly show the specific spectrum of glo-
merular diseases that prevail in adults with NS. 
Besides, in the study was a significant percentage 
of patients with diabetes mellitus that did not 
have a kidney biopsy. In patients diagnosed with 
diabetic nephropathy, histological kidney anal-
ysis rarely provides additional information for 
treatment decisions. The limitation was the in-
ability to perform electronic microscopy, as well. 
The main reasons for this were the unavailability 
of the method in our centre and the unavailability 
of another facility in which the patient could be 
referred for the same purpose.

Conclusion

The pathology of kidney disease in older pa-
tients is often very complex; therefore, a kidney 
biopsy should be conducted at an early stage of 
kidney disease for the purpose of obtaining an 
accurate diagnosis, determining appropriate 
treatment and thus improving the prognosis of 
the patient.
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Abstract
Background / Aim: The concept of general balanced anaesthesia was devised in 
order to assure cardiovascular stability and fast post-anaesthesia recovery. This 
clinical trial was organised in order to investigate the parameters of cardiovas-
cular function and emergence from anaesthesia in elective ear, nose and throat 
(ENT) surgery patients.
Methods: A total of 40 ASA I and II patients of both sexes scheduled for elective 
ENT surgery were randomly divided into two equal groups. Both groups re-
ceived a continuous iv infusion of glucose 5 % solution and in the esmolol group 
this infusion also contained esmolol.  Esmolol infusion rate was 0.3 mg/kg/min 
during the first 5 min and thereafter 0.1 mg/kg/min. In critical phases of anaes-
thesia and operation (induction, intubation, first incision, surgical manipula-
tions, wound suture, extubation), systolic and diastolic blood pressure were 
monitored. Recovery after anaesthesia was assessed based on times of eye open-
ing on command, spontaneous eye opening and regaining of full orientation. In-
creases in cardiovascular parameters by 20 % of the baseline values or more 
were treated with iv boluses of fentanyl, alone or with droperidol and, if neces-
sary, by adding isoflurane 0.5 % to the inhalational mixture. Consumption of 
drugs was recorded.
Results: Esmolol assured stable values of cardiovascular parameters that were 
in most critical phases of anaesthesia and operation lower than in the control 
group. The duration of anaesthesia did not differ between the groups. In the es-
molol group, lower consumption of fentanyl, droperidol and sevoflurane was 
registered. Patients in the esmolol group emerged from anaesthesia faster than 
patients in the control group.
Conclusion: Continuous iv infusion of esmolol assures better cardiovascular 
stability, necessitates lower consumption of analgesics and anaesthetics and re-
sults in faster emergence from general anaesthesia in elective ENT surgery.

Key words: Beta-adrenergic receptor antagonists; Esmolol; General anaesthe-
sia; Hypertension; Tachycardia.
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Introduction

Hypertension and tachycardia occur during sur-
gical procedures as a consequence of complex re-
flex mechanism activated by surgical trauma that 
include activation of sympathetic nervous system 

resulting in increased secretion of catecholamines 
from adrenal medulla and at the nerve endings of 
the postganglionic sympathetic fibres.1 In order 
to alleviate these potentially harmful phenomena, 
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Methods

This randomised clinical trial was organised by 
enrolling 40 American Society of Anesthesiol-
ogists (ASA) I or II category patients aged 18 or 
more that were scheduled for elective ear, nose 
and throat (ENT) operations. The study had pre-

combinations of various drugs are employed. For 
these purposes, a concept of balanced anaesthe-
sia was introduced, including benzodiazepines for 
pre-anaesthetic medication, suxamethonium for 
tracheal intubation, thiopentone or similar drugs 
for rapid induction of anaesthesia, inhalation an-
aesthetic for maintenance of anaesthesia, opioid 
analgesics for counteracting the especially painful 
stimuli, competitive neuromuscular antagonists 
for maintenance of the neuromuscular blockade 
and atropine and neostigmine for the reversal of 
this bockade.2

A new addition to the concept of balanced anaes-
thesia was formed: instead of counteracting the 
increases in blood pressure and heart rate in the 
critical phases of operation by adding additional 
doses of analgesics and/or by adding more potent 
inhalation anaesthetics, they should be treated 
with esmolol, an easy titratable and rapid-acting 
and selective antagonist of β1-adrenergic recep-
tors.3 Esmolol was first used to manage the epi-
sodes of hypertension and tachycardia in cardiac 
surgery4, 5 and later in all other types of surgery.6, 

7, 8

Critical phases of anaesthesia and operation, such 
as induction to anaesthesia, tracheal intubation, 
first incision, surgical manipulation with organs, 
suture of the surgical wound and tracheal extu-
bation require additional cardiovascular control. 
In ear, nose and throat (ENT) surgery sometimes 
a controlled hypotension is needed, like in func-
tional endoscopic sinus surgery and in tympano-
plasty.9, 10 The rationale for that is the prevention 
of unnecessary blood loss and the improvement 
of the quality of the visibility of the surgical field 
in these types of operations.11

The goal of this research was to study the cardio-
vascular effects and parameters of emergence 
from anaesthesia of the continuous esmolol infu-
sion in patients scheduled for elective ENT sur-
gery.

viously been approved by the local ethics com-
mittee and each participant signed an informed 
consent. The block randomisation was used to 
randomise the enrolled patients into two groups 
– control and esmolol.

Each patient was subjected to the standardised 
premedication and anaesthetic technique. Each 
of them was premedicated with diazepam 10 mg 
intramuscularly (im) 30-45 min before the induc-
tion into anaesthesia with thiopentone 3-5 mg/
kg iv and fentanyl 1.5 mcg/kg. Suxamethonium 
1-2 mg/kg iv was injected in order to facilitate the 
tracheal intubation. Pancuronium bromide 0.07 
mg/kg was administered as an iv bolus to induce 
a neuromuscular blockade. If needed, addition-
al iv boluses of pancuronium bromide 0.01 mg/
kg were added. General inhalational anaesthesia 
was maintained with a mixture of nitrous oxide 
and oxygen (2:1). At the end of the operation, at-
ropine 0.5 mg iv and neostigmine 1.5 mg iv were 
injected, in order to neutralise the competitive 
pancuronium-induced neuromuscular blockade.

The values of cardiovascular parameters – sys-
tolic and diastolic blood pressure and heart rate 
– were recorded before the induction of anaes-
thesia (baseline) and at all critical points during 
anaesthesia and operation: induction of anaes-
thesia, tracheal intubation, first incision, surgical 
manipulation in the operation field, wound su-
ture and extubation of trachea. In case that any 
of these parameters was increased by 20 % of the 
baseline values, fentanyl 1.5 mcg/kg was admin-
istered.

The patients from both groups received an iv in-
fusion of glucose 5 % solution, during the first 5 
min at a speed of 0.03 mL/kg/min and 0.01 mg/
kg afterwards. The only difference was the ad-
dition of esmolol to this infusion in the patients 
belonging to the esmolol group. A total of 5 g of 
esmolol were dissolved in the half-litre infusion 
bottle containing glucose 5 % to reach the final 
esmolol concentration of 10 mg/mL. During the 
maintenance phase, esmolol was therefore deliv-
ered at a rate of 0.1 mg/kg/min. This infusion rate 
was chosen because it was found that hypoten-
sion practically does not occur at infusion rates 
below 0.15 mg/kg/min12 and because the values 
of cardiovascular parameters do not change by 
more than 10 % when esmolol is infused at a rate 
of 0.118 mg/kg/min.13

Parametric data were statistically analysed by 
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Table 1: Demographic data and pre-induction values of the car-
diovascular parameters in control patients and patients infused 
with esmolol during the operation under the general balanced 
anaesthesia

ns - not significant; BP - blood pressure; bpm - beats per minute

Parameter
(unit)

Control
(mean ± SE)

Esmolol 
(mean ± SE)

Statistical 
significance

30.33 ± 3.71

70.67 ± 7.54

12 vs 8

125.00 ± 10.41

78.33 ± 6.01

81.00 ± 1.16

31.33 ± 4.84

70.33 ± 5.04

11 vs 9

123.33 ± 6.67

83.33 ± 3.33

84.00 ± 3.06

ns

ns

ns

ns

ns

ns

Age (years)

Body weight (kg)

Gender: Male/Female

Systolic BP (mm Hg)

Diastolic BP (mm Hg)

Heart rate (bpm)

Student t test and ANOVA, while the non-para-
metric data were analysed by Chi-square test. 
Statistical Package for Social Sciences (SPSS) ver-
sion 18.0 was used for these analyses.

The control and esmolol groups of patients con-
sisted of 20 patients each. There were no signif-
icant differences among them when comparing 
their demographic data and values of their mean 
pre-induction (baseline) values of cardiovascular 
parameters (Table 1).

Results

The obtained values of cardiovascular parame-
ters in critical phases of anaesthesia and opera-
tion are shown in Figures 1, 2 and 3, respectively.

Values of systolic blood pressure are shown in 
Figure 1. During the intubation phase, systolic 
blood pressure was significantly lower in esmo-
lol than in the control group of patients remain-
ing at the baseline level. In the last two critical 
phases of operation and anaesthesia – operative 
wound suture and extubation of trachea - the val-
ues of systolic blood pressure were significantly 
higher in the esmolol group than in the patients 
from the control group, remaining close to the 
pre-induction values.

There were no significant differences between 
the values of the diastolic pressure between the 
control and esmolol group of patients, with the ex-
ception of the phase of tracheal intubation, where 
significantly lower values were registered in the 
esmolol than in the control group (Figure 2).

In all the critical phases of anaesthesia and oper-
ation vales of heart rate were significantly lower 

Induction

Induction

Induction

140

120

100

80

60

40

20

0

160

140

120

100

80

60

40

20

0

120

100

80

60

40

20

0

Intubation

Intubation

Intubation

First insiction

First insiction

First insiction

Wound suture

Wound suture

Wound suture

Extubation
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Figure 1: Systolic blood pressure in various phases of anaes-
thesia and operation in control patients (n = 20) and patients 
infused with esmolol (n = 20) during the ear, nose and throat 
(ENT) operations under the general balanced anaesthesia. Val-
ues are expressed as percentages of pre-induction values.
* - statistical significance in ccomparison with the baseline value (p < 0.05);

Figure 2: Diastolic blood pressure in various phases of anaes-
thesia and operation in control patients (n = 20) and patients 
infused with esmolol (n = 20) during the ear, nose and throat 
(ENT) operations under the general balanced anaesthesia. Val-
ues are expressed as percentages of pre-induction values.
* - statistical significance in comparison with the baseline value (p < 0.05);

Figure 3: Heart rate in various phases of anaesthesia and oper-
ation in control patients (n = 20) and patients infused with es-
molol (n = 20) during the ear, nose and throat (ENT) operations 
under the general balanced anaesthesia. Values are expressed 
as percentages of pre-induction values.
* - statistical significance in comparison with the baseline value (p < 0.05);

in the esmolol group, however remaining within 
the relatively narrow and physiological range of 
98 – 122 % of the pre-induction values (Figure 3).

The parameters of post-anaesthesia recovery 
were significantly shorter in the esmolol group 
of patients, in comparison with the control group, 
with the exception of the consumption of atropine, 
where no difference could be found (Table 2).

Cantrol Esmolol

Cantrol Esmolol

Cantrol Esmolol
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Table 2: Consumption of medicines in control patients (n = 20) 
and patients infused with esmolol (n = 20) during the ear, nose 
and throat (ENT) operations under the general balanced an-
aesthesia

Table 3: Effect of esmolol on speed and quality of postoperative 
recovery in control patients (n = 20) and patients infused with 
esmolol (n = 20) during the ear, nose and throat (ENT) opera-
tions under the general balanced anaesthesia

ns - not significant

ns - not significant

Drug
(unit)

Parameter
(unit)

Control
(mean ± SE)

Control
(mean ± SE)

Esmolol 
(mean ± SE)

Esmolol 
(mean ± SE)

Statistical 
significance

Statistical 
significance

0.38 ± 0.03

14.17 ± 2.20

0.83 ± 0.17

8.00 ± 1.67

100.00

174.17 ± 16.62

16.33 ± 1.94

25.20 ± 3.09

29.83 + 3.34

50.00

1.50 ± 0.15

170.00 ± 18.64

4.40 ± 1.21

10.70 ± 2.70

16.00 ± 3.85

90.00

2.17 ± 0.17

ns

p < 0.01

p < 0.01

p < 0.05

p < 0.05

p < 0.01

0.17 ± 0.03

5.83 ± 0.83

0.70 ± 0.15

4.67 ± 0.88

8.33

p < 0.05

p < 0.05

ns

p < 0.05

p < 0.05

Fentanyl (mg)

Droperidol (mg)

Atropine (mg)

Pancuronium (mg)

Isoflurane (% of patients)

Duration of

anaesthesia (min)

Opening of

eyes on command (min)

Spontaneous

opening of eyes (min)

Full orientation (min)

Extubation possible

(% of patients)

Evaluation of

quality of anaesthesia

The parameters of the post-anaesthesia recovery 
were significantly shorter in the esmolol than in 
the control group (Table 3).

It should be also pointed out that there were no 
differences between the two groups regarding 
the duration of anaesthesia.

Discussion

Overall results of this clinical trial demonstrate 
the favourable effect of esmolol on cardiovascu-
lar parameters during anaesthesia and operation 
in elective ENT surgery, its analgesic- and anaes-
thetic-saving effect and consequential better re-
covery of patients after anaesthesia.

The results obtained are in accordance with oth-
er clinical studies. Indeed, injection and/or iv 
infusion of esmolol alleviated increases in blood 
pressure and heart rate induced by tracheal intu-
bation and extubation.14-16 The nociceptive sym-
pathetic nervous system reflexes can be causally 

blocked with opioid analgesics, but also symp-
tomatically with a beta-adrenergic antagonist 
like esmolol, however without need for addition-
al doses of opioids. A significant opioid-sparing 
effect of esmolol showed in the present study is 
corroborated by similar findings of other clinical 
trials.17-21 In some clinical studies esmolol even 
reduced the need for the administration of intra-
venous and inhalation anaesthetics.22, 23 Similar 
result was obtained, where a significantly lower 
number of patients in the esmolol group required 
isoflurane addition in comparison with the con-
trol group of patients.

In the present study esmolol had a stronger ef-
fect on heart rate than on blood pressure, which 
is supported by Ornstein et al. These researchers 
found that the half-time for a 14 %-decrease in 
heart rate of only 1.2 min, which was much short-
er than the esmolol half time of 17.8 min for a 25 
%-decrease in mean arterial blood pressure.24

Some other agents were tried with the same goal 
to counteract a reflex sympathomimetic reaction 
resulting from laryngoscopy and intubation25 or 
from tracheal extubation.26 It seems that esmolol 
should be preferred over nitroglycerin9, 27 or lido-
caine,28 while dexmedotimidine10, 27 or nicardip-
ine28 could be more efficient than esmolol. In clin-
ical trials on induction of controlled hypotension 
for cendoscopic sinus surgery, esmolol seemed to 
be equally safe and efficient as magnesium sul-
phate29 or labetalol.30

Conclusion

Ultrashort-acting beta-adrenergic receptor 
anatgonist esmolol, administered as a contin-
uous iv infusion, assures better cardiovascular 
stability and smoother emergence from the 
balanced inhalation general anaesthesia than 
the control glucose infusion in elective neuro-
surgical patients. 
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Abstract
Background/Aim: Ectopic pregnancy is defined as a pregnancy outside the 
uterine cavity, most often in the fallopian tube. It is a life-threatening condition 
and requires early diagnosis and adequate care. Aim of this study was to exam-
ine the frequency of ectopic pregnancy, as well as the influence of parity, age of 
patients and previous in vitro fertilisation (IVF) procedure on the occurrence of 
ectopic pregnancy.
Methods: A retrospective research was conducted in the Clinic for Gynaecology 
and Obstetrics of the University Clinical Centre of the Republic of Srpska from 
1st of January 2016 up to 31 of December 2018, which included 125 hospitalised 
patients with a confirmed diagnosis of ectopic pregnancy. Data on the age of pa-
tients, parity and previous IVF, as well as the method of treatment of patients 
with ectopic pregnancy were analysed and compared.
Results: In the observed period, there were a total of 9781 births and in the 
same period, 125 patients with a diagnosis of ectopic pregnancy were hospital-
ised, which is 1.27 %. Pregnancy did not occur after IVF. Laparoscopy and drug 
therapy are represented almost equally, depending on the clinical picture and 
the wishes of the patients and open access was represented only sporadically.
Conclusion: According to this research, the onset of ectopic pregnancy is not 
affected by age, parity and previous IVF, which does not fit into the results of 
world research. The most common form of treatment in our country is both lap-
aroscopy and medical approach and open access occurs only sporadically, which 
fits into the recommendations of the relevant guides.

Key words: Ectopic pregnancy; Parity; Age; Treatment.
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Introduction

Ectopic pregnancy (lat. graviditas extrauterina, 
ectopica) is defined as pregnancy outside the 
uterine cavity, most often in the fallopian tube.1 
Since it is a life-threatening condition, it requires 
early diagnosis and adequate care.2 Ectopic preg-
nancy is a more comprehensive term, which re-
fers to any nidation of a fertilised egg outside the 
uterus, including cervical and interstitial preg-
nancy. The incidence of ectopic pregnancy is be-
tween 1.5 and 2 % of all pregnancies.3

The development of ectopic pregnancy can be 
influenced by all factors that participate in the 
mechanism of transfer of a fertilised egg through 
the fallopian tube.3 Previous abdominal and pel-
vic surgeries, pelvic infection, in vitro fertilisa-
tion (IVF) procedure, intrauterine device (IUD) 
increase the risk of ectopic pregnancies, as well 
as the mother’s age, early onset of sexual life and 
number of partners.4 The triad of symptoms char-
acteristic of ectopic pregnancy is: pain (95 %), 
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Methods

Results

In the Clinic for Gynaecology and Obstetrics of 
the University Clinical Centre of the Republic of 
Srpska (CGO UCC RS), a retrospective study was 
conducted in the period from 01.01.2016. to 
31.12.2018., which included 125 hospitalised pa-
tients with a confirmed diagnosis of ectopic preg-
nancy. For the purposes of the research, data from 
the patient protocol books for the specified period 
were used, as well as the corresponding data from 
the Clinical Information System (CIS). Data on the 
age of patients, parity and previous IVF, as well as 
the method of treatment of patients with ectopic 
pregnancy were analysed and compared. The Chi-
squared test was used for statistical data process-
ing and those with p < 0.05 were considered as 
statistically significant difference.

In the observed period, a total of 125 patients 
with a definitive diagnosis of ectopic pregnancy 
were hospitalised at the CGO UCC RS. In the men-
tioned period, there were a total of 9781 births. 
Observed by years in 2016, there were 3302 
births and in the same period, 34 patients with 
a diagnosis of ectopic pregnancy were hospital-
ised, which is 1.03 %, then in 2017 there were 
3198 births and 46 patients with ectopic preg-
nancy were hospitalised, which is 1.44 %, while 
in 2018 there were 3281 births and there were 
45 or 1.37 % of hospitalised patients with ectopic 
pregnancy.

The number and percentage of hospitalised pa-
tients with ectopic pregnancy in relation to the 
total number of births is shown in Figure 1.

amenorrhoea (75 %) and vaginal bleeding (60 
%).3 Also, as symptoms of ectopic pregnancy, diz-
ziness, vertigo, pregnancy symptoms and urge 
to defecate occur.5 The subacute form occurs in 
70-80 % of cases and is the most common clin-
ical form of ectopic pregnancy.3, 5 Examination 
reveals cervical tenderness, signs of peritoneal 
irritation and sensitivity of the vaginal arches.3 
The diagnosis of ectopic pregnancy includes: 
history, gynaecological examination, ultrasound  
examination and determination of serum The 
β-subunit of the human chorionic gonadotropin 
(β-hCG).4 Treatment of ectopic pregnancy can be 
performed expectedly (passively), medically and 
surgically.3, 5 The choice of treatment is based on 
β-hCG values, ultrasound findings, physician ex-
perience, clinical picture and age of the patient, 
as well as the woman’s reproductive history.3, 5 If 
a tubal pregnancy lasted for 8 weeks or longer, it 
is necessary to give anti-D serum in RhD negative 
patients.3

Aim
The aim of this study was to examine the fre-
quency of ectopic pregnancy, as well as the 
influence of parity, age of patients and previous 
IVF on the occurrence of ectopic pregnancy. Also, 
the aim of this paper is to examine the ways of 
treating ectopic pregnancy.

Figure 1: The number and percentage of hospitalised patients 
with ectopic pregnancy in relation to the total number of births

Figure 2: The ectopic pregnancy in relation to the age of patients

According to age, patients were divided into two 
groups, which is shown in Figure 2.
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Figure 3: The ectopic pregnancy in relation to the parity of pa-
tients

Figure 4: The distribution of individual methods of treatment of 
patients with ectopic pregnancy; LPSC: laparoscopic salpingec-
tomy; MTX: methotrexate;

Statistical processing did not determine the 
statistical significance of the influence of indi-
vidual groups of patients on the occurrence of 
ectopic pregnancy (p > 0.05). According to par-
ity, patients were divided into three groups: nul-
liparous, pluriparous and multipaired, which is 
shown in Figure 3.

Discussion

Ectopic pregnancy is a potentially life-threaten-
ing condition and requires early diagnosis and 
adequate care. Ectopic pregnancy is the most 
common cause of maternal death in the first 
trimester of pregnancy and at the same time the 

third most common cause of death pregnancy-re-
lated in general.3 According to a study by Costa et 
al, the incidence of ectopic pregnancy in France 
is 1.6 % and Irvine and Setchell in their study 
showed a declining incidence of ectopic pregnan-
cy. Incidence of ectopic pregnancy in the United 
Kingdom, over 9 years, decreased from 2.4 % to 
1.6 %.6, 7 According to a study by Stulberg et al8 in 
the United States, the incidence of ectopic preg-
nancy is 1.42 % of all pregnancies. The results of 
world studies do not show a large deviation in the 
frequency of ectopic pregnancies and results from 
this study also fit into the results of world studies. 
There are several risk factors that affect the oc-
currence of ectopic pregnancy and some of them 
are age, parity, previous IVF, which were analysed.

Bouyer et al described a significant association 
between ectopic pregnancy and a woman’s age.9 
A study by Sivalingam et al also found that the 
risk of developing an ectopic pregnancy increas-
es with a woman’s age and increases significantly 
above the age of 35.10 According to the research 
presented in this paper, the patient’s age is not 
a statistically significant risk factor for ectopic 
pregnancy, nor is parity.

According to the world literature, the IVF proce-
dure increases the probability of ectopic preg-
nancy, but in this study, no ectopic pregnancy oc-
curred after IVF, so this results do not match the 
results in the world literature.11 Ectopic pregnan-
cy is one of several conditions in medicine that 
can be treated in three ways: expectantly, medi-
cally and surgically. According to the guidelines of 
the Royal College of Obstetricians and Gynaecol-
ogists, the expectorant method is recommended 
in clinically stable women, with ultrasound-veri-
fied intact ectopic pregnancy and when the β-hCG 
finding is less than 1500 IJ/L. Also, according to 
the recommendations of the guide, laparoscopy 
has an advantage over the open approach and 
drug therapy with Methotrexate is recommend-
ed for ectopic pregnancies in women who have 
reduced fertility, because both drug and expec-
torant approaches are accompanied by a better 
reproductive outcome than surgical therapy - sal-
pingectomy. According to results from this study, 
it can be seen that the open approach was rep-
resented only sporadically and laparoscopy and 
drug therapy were represented almost equally, 
depending on the clinical picture and the wishes 
of the patients.11

Statistical processing did not determine the sta-
tistical significance of the influence of individual 
groups on the occurrence of ectopic pregnancy 
(p > 0.05). In the observed period, no ectopic 
pregnancy occurred after IVF. The distribution 
of individual methods of treatment of patients 
with ectopic pregnancy is shown in Figure 4.

%

%
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Conclusion

The frequency of ectopic pregnancy was 1.27 % 
and the onset of ectopic pregnancy was not af-
fected by age, parity, or previous IVF. The most 
common form of treatment was both laparosco-
py and medical approach and open access occurs 
only sporadically, which fits into the recommen-
dations. Early diagnosis of ectopic pregnancy is 
one of the major challenges for gynaecologists. 
The importance of early diagnosis lies in the fact 
that patients can be offered a conservative way 
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Abstract
Angiotensin-converting enzyme (ACE) inhibitors, which prevent the conversion 
of angiotensin I to angiotensin II, are well-known for the treatments of cardio-
vascular diseases, such as heart failure, hypertension and acute coronary syn-
drome. Several of these inhibitors including captopril, enalapril, ramipril, zofeno-
pril and imidapril attenuate vasoconstriction, cardiac hypertrophy and adverse 
cardiac remodeling, improve clinical outcomes in patients with cardiac dysfunc-
tion and decrease mortality. Extensive experimental and clinical research over 
the past 35 years has revealed that the beneficial effects of ACE inhibitors in 
heart failure are associated with full or partial prevention of adverse cardiac 
remodeling. Since cardiac function is mainly determined by coordinated activi-
ties of different subcellular organelles, including sarcolemma, sarcoplasmic re-
ticulum, mitochondria and myofibrils, for regulating the intracellular concentra-
tion of Ca2+ and myocardial metabolism, there is ample evidence to suggest that 
adverse cardiac remodelling and cardiac dysfunction in the failing heart are the 
consequence of subcellular defects. In fact, the improvement of cardiac function 
by different ACE inhibitors has been demonstrated to be related to the attenua-
tion of abnormalities in subcellular organelles for Ca2+-handling, metabolic alter-
ations, signal transduction defects and gene expression changes in failing car-
diomyocytes. Various ACE inhibitors have also been shown to delay the 
progression of heart failure by reducing the formation of angiotensin II, the de-
velopment of oxidative stress, the level of inflammatory cytokines and the oc-
currence of subcellular defects. These observations support the view that ACE 
inhibitors improve cardiac function in the failing heart by multiple mechanisms 
including the reduction of oxidative stress, myocardial inflammation and 
Ca2+-handling abnormalities in cardiomyocytes.

Key words: ACE inhibitors; Adverse cardiac remodelling; Subcellular defects in 
myocardium; Cardiac dysfunction in failing heart; Ca2+-handling abnormalities; 
Oxidative stress and inflammation.
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Introduction

Heart failure is a multifaceted syndrome/disease 
represented by the inability of the heart to pump 
sufficient blood to meet various needs of the body 
at rest or during exercise. Ranking among sever-
al public health hazards, this pathological entity 

is accompanied by marked changes in cardiac 
function and haemodynamic alterations; approx-
imately more than 64 million people are affect-
ed globally. About 50 % of patients with heart 
failure die as a consequence of sudden cardiac 
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death annually. This disease not only increases 
hospitalisation of patients but also imposes an 
enormous clinical, medical and economic burden 
worldwide.1-4 Several pathological conditions in-
cluding atherosclerosis, hypertension, diabetes, 
severe anaemia and anti-cancer drug therapy are 
considered to be the major risk factors of heart 
failure. Among various stimuli such as pressure 
overload, volume overload or myocardial infarc-
tion (MI), ischemic heart disease is the most com-
mon cause (42.3 % cases globally) for the devel-
opment of heart failure. While MI is estimated to 
affect more than 7 million people each year, this 
situation following heart attack often signals the 
onset of cardiac dysfunction and progresses to 
heart failure. In fact, most prevalent cardiovas-
cular abnormalities at chronic stages invariably 
result in the development of heart failure.5-14 Re-
gardless of the pathological stimulus, the com-
mon aetiology for different types of heart failure 
is the progressive development of morphological 
remodelling of the myocardium, which is associ-
ated with impaired contractile function and the 
inability of the heart to pump sufficient blood to 
the body.15-20 At initial stages of the pathological 
stimulus, there occurs a compensatory process 
for an increase in ventricular muscle mass to 
reflect cardiac hypertrophy, which shows either 
unaltered or augmented cardiac function and is 
characterised as physiological or adaptive cardi-
ac remodelling (changes in size, shape, and struc-
ture of the myocardium). The hypertrophied 
myocardium at late stages of the pathological 
stimulus shows depressed cardiac function and is 
referred as adverse cardiac remodelling. 

At early stages of pathological stimulus, the acti-
vation of neurohormonal systems, including the 
renin-angiotensin system (RAS), sympathetic 
nervous system and natriuretic hormonal system 
release various hormones such as angiotensin 
(Ang) II, norepinephrine, aldosterone, growth fac-
tors and antidiuretic peptides in the circulation. 
The elevated levels of these circulating hormones 
increase cardiac contractility, ventricular fill-
ing and peripheral vasoconstriction to maintain 
the perfusion of crucial organs, as well as blood 
pressure and cardiac function.21-26 However, con-
tinued activation of the neurohormonal systems 
and increased levels of circulating hormones for a 
prolonged period participate in inducing cardiac 
abnormalities and increasing the haemodynamic 
overload (both afterload and preload) on the left 
ventricle. Increases in heart rate, as well as alter-
ations in myocardial extracellular matrix and de-

velopment of fibrosis and apoptosis, are also con-
sidered to account for the progression of heart 
failure.27, 28 In this regard, various clinical signs 
including shortness of breath, lung congestion, 
fluid retention, exercise intolerance, weakness, 
fatigue and peripheral oedema have been identi-
fied and are used for the diagnoses of heart fail-
ure.  It should be emphasised that a wide variety 
of mechanisms associated with prolonged neuro-
humoral activation, including changes in different 
cellular structures in the heart, cell to cell-inter-
action, subcellular organelles and Ca2+-handling, 
substrate utilisation and energy metabolism, 
inflammatory cytokine activation, oxyradicals 
generation and oxidative stress, cellular growth 
and cell death, as well as diverse signal transduc-
tion pathways become effective at different times 
during the progression of adverse cardiac remod-
elling and cardiac dysfunction in heart failure. 
23-25, 29-41 Thus the pathogenesis of heart failure is 
considered to be of complex nature and none of 
the existing therapies is satisfactory in reducing 
its morbidity and mortality.  

In view of the pivotal role of prolonged activation 
of the RAS in the pathophysiology of heart fail-
ure, it has been well recognised that the angio-
tensin-converting enzyme (ACE) is a significant 
component of this system as it is responsible for 
converting angiotensin I (Ang I) to the main effec-
tor of this system, Ang II. Specifically, the interac-
tion of this hormone with Ang II-type1 receptors 
(AT1R), is known to induce vasoconstriction and 
water retention effects for regulating the periph-
eral blood flow and blood pressure as well as for 
improving the cardiac function. Although these 
events are considered to reflect the role of RAS as 
a compensatory mechanism at initial stages, the 
increased activity of RAS (both systemically and 
locally) as well as the elevated levels of Ang II for 
a prolonged period are responsible for thickening 
of the vascular wall and aldosterone secretion. 
Hypertrophy of blood vessels, causes vasocon-
striction whereas water retention by aldosterone 
increases the accumulation of fluid in the vas-
cular system; both these situations augment the 
workload on the heart and promote fibrosis, left 
ventricular (LV) hypertrophy, adverse cardiac re-
modelling and defects in subcellular organelles, 
as well as worsen cardiac function in the heart 
failure patients.42-58 These AT1R-mediated effects 
of Ang II are antagonist by the activation of Ang 
type 2 receptors (AT2R) because the signalling 
mediated by AT2R induce vasodilatory, antifi-
brotic and antihypertrophic effects in heart fail-
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Figure 1: A schematic representation of the renin-angiotensin system (RAS) involving ACE as well as the activities associated with 
different angiotensin receptors.
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ure.59-62 Moreover, the homologue of ACE (ACE2) 
cleaves Ang I into a nonapeptide Ang 1-9 and Ang 
II into heptapeptide Ang 1-7; the activation of 
MAS receptors (MASR) by Ang 1-9 mediates sig-
nalling through (ACE2/Ang1–7/MASR pathway) 
to produce vasorelaxation, anti-inflammatory, 
anti-hypertrophic and cytoprotective effects, 
which also counteract with the pathophysiolog-
ical effects induced by ACE/Ang II/AT1R path-
way.63-73 Thus an imbalance between the adverse 
actions of AT1R activation and the beneficial 
effects of AT2R activation as well as MASR acti-
vation leads to an acceleration of cardiovascular 
disease progression and cardiac dysfunction.46, 63, 

74, 75  A schematic representation of RAS pathway 
and the Ang II induced cardiovascular activities 
are given in Figure 1. It is difficult to speculate 
the contribution and significance of the deleteri-
ous and beneficial effects of Ang II in eliciting car-
diac dysfunction during the progression of heart 
failure because the time-course information re-
garding these alterations needs to be obtained 
by employing AT1R-, AT2R- and MASR- knock-out 
mouse models. 

Different lines of evidence support the view that 
the blockade of RAS by ACE inhibitors prevents 
the vasoconstriction as well as reduce the all-
cause mortality and cardiac death upon atten-
uating the development of heart failure in both 
animals and patients. In this context, it is note-
worthy that inhibition of ACE has been shown to 
improve heart failure by decreasing the haemo-
dynamic afterload and preload as well as systolic 
wall stress, thus increasing cardiac output with-
out any change in heart rate. Apart from this, 
ACE inhibitors promote salt excretion by aug-
menting the renal blood flow and reducing the 
aldosterone and antidiuretic hormone produc-
tion. Several clinical studies have demonstrated 
the ability of these inhibitors to reduce cardiac 
remodelling and mortality in patients with LV 
dysfunction in different types of heart failure 
including post MI.17, 76-97 It should be mentioned 
that, ACE inhibitors also block bradykinin inacti-
vation which promotes dry cough and angioede-
ma; these side-effects occur more in women 
than men.98-102 However, reduced vagal tone and 
impaired baroreflex sensitivity in heart failure 
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patients are improved upon treatment with ACE 
inhibitors.103-107 Furthermore, the aldosterone fa-
cilitated retention of sodium and water as well as 
growth-promoting effects in patients with severe 
heart failure were attenuated by ACE inhibitors 
and aldosterone receptor blockers. In addition, re-
nin antagonists have also been shown to improve 
cardiovascular function in heart failure.108-111 The 
importance of these aspects associated with the 
activation of RAS has been extensively document-
ed elsewhere.50, 64, 71-73, 112 Accordingly, the present 
review is focused on describing the information 
related to ACE/Ang II–AT1R, pathway and its role 
in the pathogenesis of heart failure. Some obser-
vations regarding the effectiveness of ACE inhibi-
tors with respect to different mechanisms for re-
ducing oxidative stress and inflammation as well 
as improving cardiac function in heart failure are 
recorded. Since remodelling of subcellular organ-
elles has been suggested to be intimately asso-
ciated with the progression of heart failure, this 
article also outlines the beneficial effects of ACE 
inhibition in attenuating subcellular defects in 
myocardium and improving cardiac function in 
heart failure.26, 56, 113-124

Mechanisms for the develop-
ment of MI-induced heart fail-
ure
In order to understand the basis for the thera-
peutic use of ACE inhibitors for the treatment 
of heart failure; it is pertinent to briefly discuss 
its pathophysiology to identify appropriate mo-
lecular targets in the failing heart. It should be 
mentioned that heart failure due to MI (a mani-
festation of blockage of the coronary arteries) has 
been characterised as an entity due to a combina-
tion of pressure overload and volume overload, in 
which the myocardium experiences an excessive 
haemodynamic workload. The noticeable alter-
ations in ventricular haemodynamics associated 
with cardiac dysfunction are low cardiac output, 
reduced ejection fraction, elevated end-diastolic 
pressure, increased ventricular wall stress, ven-
tricular dilatation, ventricular hypertrophy and 
arrhythmias. These changes due to a large infarct 
size invariably lead to heart failure following MI. 
Some of the events associated with cardiac re-
modelling in heart failure due to MI involving the 
activation of RAS under both acute and chronic 

situations are represented in Figure 2. Abnor-
malities in Ca2+-handling, defects in energy pro-
duction and utilisation, developments of fibrosis, 
apoptosis and necrosis, as well as alterations in 
cardiac gene expression and subcellular defects 
have been examined in the failing heart.125-127 It is 
pointed out that the blockade of coronary blood 
flow leads to loss of myocardium, decrease in car-
diac output and fall in blood pressure which re-
sult in the activation of RAS. During initial phase 
of this pathological stimulus, the elevated levels 
of Ang II induce adaptive changes such as cardiac 
hypertrophy and increased activities of subcel-
lular organelles to stimulate cardiac function for 
maintaining cardiovascular homeostasis; howev-
er, chronic activation and increased plasma Ang II 
level for a prolonged period exert effects such as 
adverse cardiac remodelling and heart failure.40, 

48, 49  Prolonged exposure of hypertrophied heart 
to elevated levels of Ang II enhances progressive 
ventricular dysfunction and stimulates the ac-
tivities of various signalling transduction pro-
teins, such as phospholipase C, protein kinase C, 
tyrosine kinases and mitogen-activated protein 
kinase. All these alterations affect cardiac con-
traction and relaxation processes, in addition to 
inducing defects in cardiac metabolism and intra-
cellular Ca2+-handling in cardiomyocyte. Marked 
changes also occur in cardiac interstitium where 
oncogenes and genes, that regulate the expres-
sion of different hypertrophic factors, includ-
ing fibroblast growth factor, platelet-derived 
growth factor and transforming growth factor-β 
are stimulated and result in the accumulation of 
collagen and connective tissue in the heart. Thus 
adverse cardiac remodelling results in the devel-
opment of cardiac dysfunction and progression 
of heart failure in a complex manner. 89, 114, 128-135 It 
should also be noted that increased ANG II levels 
are associated with the activation of NADPH ox-
idase, production of reactive oxygen species and 
development of oxidative stress, which are con-
sidered to induce cardiomyocyte apoptosis and 
influence the expression and function of the exci-
tation-contraction coupling proteins resulting in 
cardiac dysfunction and heart failure.63, 136-140 

 
Because of the coordinated involvement of the 
activities of different subcellular organelles such 
as sarcolemma (SL), sarcoplasmic reticulum (SR), 
myofibrils (MF), mitochondria (MT) and extracel-
lular matrix (ECM) in determining the status of 
cardiac function, a defect in any activities of these 
organelles can be seen to produce disturbance in 
cardiac contractile cycle leading to cardiac dys-

Bhullar et al. Scr Med 2022 Mar;53(1):51-76.54



CONTENT

Figure 2: A schematic representation of events induced by myocardial infarction involving the acute and chronic activation of re-
nin-angiotensin system (RAS). A wide variety of alterations have been shown to occur in the hypertrophied myocardium leading to 
the development of cardiac dysfunction and heart failure.
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function and development of heart failure.126, 127 
In this regard, remodelling of the SL membrane 
has been shown to induce alterations in myocar-
dial cation composition and signal transduction 
pathways due to changes in membrane receptor 
proteins, cation channels and cation transport-
ers.141-150 As well as alterations in the SL micro-
domains, such as t-tubular network, caveolae and 
intercalated disc, the loss of SL viability may cause 
cell death, arrhythmias and contractile dysfunc-
tion in heart failure.151-159 While Ca2+-handling 
abnormalities in cardiomyocytes are mostly as-
sociated with defects in SR Ca2+-cycling proteins, 
changes in SR Ca2+-uptake and release activities 
are considered to explain impaired contraction 
and relaxation processes in the failing heart, re-
spectivley.149, 152, 160-163 Likewise, MF remodelling 
as a consequence of alterations in both contrac-
tile and regulatory proteins is also considered to 
produce alterations in cardiac contraction and re-
laxation due to modifications in their sensitivity 
to Ca2+ in the failing heart.132, 164-169 Furthermore, 
the occurrence of changes in cardiomyocyte ar-

chitecture and cardiac gene expression due to 
alterations in the extracellular matrix and nucle-
us, respectively, 96, 170-172 has been observed in ad-
dition to the degradation of extracellular matrix 
proteins in heart failure.40, 41 Alterations in these 
organelles in failing hearts have been explained 
on the basis of the activation of various prote-
ases and phospholipases as well as changes in 
different receptor-mediated signal transduction 
mechanisms.119, 121, 132, 173-176 Since heart failure is 
associated with alterations in energy transfer, 
production and utilisation, defects in MT function 
with respect of oxidative phosphorylation have 
been recognised as a significant contributor for 
the genesis of in heart failure.173-181 Furthermore, 
disorganisation of cellular structure has shown 
decreased mitochondrial mass, reduced effica-
cy of direct adenine nucleotide channelling and 
alterations of the creatine kinase shuttle asso-
ciated energetic deficiency; all these subcellular 
abnormalities lead to the development of cardiac 
dysfunction in the failing heart. It is also note-
worthy that MT-produced defects in redox status 
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in the failing heart due to alterations in electron 
transport system and oxidative phosphorylation 
have been shown to generate oxidative stress,120, 

182-190 a most critical pathogenic factor for induc-
ing cardiac dysfunction.

There is ample evidence to show that the develop-
ment of cardiac contractile force is initiated as a 
consequence of increase in the cytosolic free Ca2+ 
concentration ([Ca2+]i) due to excessive Ca2+-en-
try through the SL Ca2+-channels as well as open-
ing of the SR Ca2+-release channels (ryanodine re-
ceptor type 2, RyR2).191-197 The binding of this Ca2+ 
with Troponin C (TnC) relieves its inhibitory ef-
fect on tropomyosin, promotes the interaction of 
myosin and actin filaments for the occurrence of 
the cardiac contraction.198-204 On the other hand, 
cardiac relaxation occurs upon sequestration of 
[Ca2+]i and dissociation of myosin filaments from 
actin filaments; Ca2+ sequestration is mainly af-
fected by the SR Ca2+-pump ATPase (SERCA2a) 
and SL Na+- Ca2+ exchanger.190, 199, 205-208 Thus dys-
regulation of different processes for Ca2+ handling 
in cardiomyocytes in failing hearts is considered 
to result in impaired cardiac function.209-211 A 
reduction in the maximal force-generating ca-
pacity of myofilaments in heart failure is also 
associated with suppression of α-myosin heavy 
chain expression, troponin T isoforms switch-
ing, decreased cyclic adenosine monophosphate 
(cAMP)-dependent phosphorylation and other al-
terations in the contractile apparatus.199, 212-214 It 
should be mentioned that MT serve as Ca2+-buffer 
because cardiomyocytes encounter an excessive 
level of [Ca2+]i during the development of heart 
failure.168, 215 When these organelles become 
overloaded with Ca2+, their function for produc-
ing ATP becomes impaired and this defect is also 
considered to result in cardiac dysfunction in the 
failing heart.184, 186

Role of ACE in MI-induced 
heart failure
ACE (a zinc metallopeptidase) was discovered in 
mid-1950s in plasma as well as kidney extract 
and was found to convert Ang I to Ang II.216, 217 
This enzyme was established to play a critical 
role in the RAS pathway, which exerts direct ef-
fects on vital organs such as the heart, kidneys, 
brain, blood vessels, adrenal glands and adipose 
tissues.218-220 Several biochemical and molecular 

studies concerning the expression of renin, an-
giotensinogen and ACE genes as well as the dis-
tribution of ACE in the heart have also revealed 
the existence of cardiac RAS indicating that some 
Ang II is also generated in the heart.221, 222 The 
contribution of systemic and tissue (local) RAS 
in elevating the circulating levels of Ang II during 
the development of heart failure remains to be es-
tablished. The upregulation of ACE and increased 
production of Ang II under various pathological 
conditions associated with cardiac remodelling 
provide further evidence of its involvement in 
deteriorating cardiac function during the devel-
opment of heart failure. 216, 223-227 It is pointed out 
that chymase, which has been shown to be pres-
ent in endothelial cells and cardiac interstitium, 
may also contribute in the formation of Ang II in 
the failing heart.228 It is noteworthy that the inhi-
bition of ACE has been reported to produce ben-
eficial effects by improving ventricular dilation, 
cardiac output as well as coronary circulation in 
addition to reducing ventricular wall stress in 
different types of failing hearts induced by MI, 
pressure overload or volume overload.229-235 The 
inhibition of ACE has also been reported to im-
prove cardiac function or delay the development 
of cardiac dysfunction by reducing the incidence 
of events associated with cardiac hypertrophy, 
cardiac remodelling, apoptosis, fibrosis, endo-
thelial dysfunction and subcellular defects.116, 181, 

236-238

Although the exact mechanisms of ACE inhibitors 
are not fully understood, various ACE inhibitors 
interfere with RAS, but their effects may not only 
be related alterations in the of Renin-Ang path-
way in the blood. Since ACE not only converts 
Ang I to Ang II but also degrades bradykinin, the 
mode of action of ACE inhibitors may be of com-
plex nature and may involve both blocking of ACE 
that reduces vasoconstriction and decreasing the 
breakdown of bradykinin that causes vasodila-
tion. It should be noted that Ang II induces direct 
vasoconstriction of the precapillary arterioles 
and postcapillary venules, restricts the reuptake 
of norepinephrine, promotes the release of cate-
cholamines from the adrenal medulla, decreases 
the urinary excretion of sodium and water, facili-
tates the synthesis and release of aldosterone and 
stimulates the growth of both vascular smooth 
muscle cells and cardiac myocytes. In fact, de-
creased production of Ang II by ACE inhibitors 
has been reported to enhance natriuresis, drop 
blood pressure, inhibit remodelling of smooth 
muscle and cardiac myocytes, as well as depress 
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Improvement of cardiac func-
tion in MI-induced heart fail-
ure by various ACE inhibitors
Since the synthesis of captopril as the first anti-
hypertensive drug,261, 262 various ACE inhibitors 
have been developed and their effects in heart 
failure have been extensively investigated both 
experimentally and clinically, either alone or in 
combination with other therapies.82, 263-267 In this 
regard, ACE inhibitors including captopril enal-
april, ramipril, benazepril, zofenopril, lisinopril, 
fosinopril, perindopril and imidapril have been 
increasingly helpful in advancing therapeutic 
potentials for attenuating cardiovascular events 
in heart failure.268 Their beneficial effects on 
haemodynamic congestion,269 acute and chron-
ic MI,270-272 cardiac remodeling;90, 273 myocardial 
metabolism;274 myeloid haematopoiesis, cardiac 
and vascular inflammation,275 cardiac function at 
subcellular and molecular levels as well as mor-
tality and morbidity of patients with heart failure 
are noteworthy.90, 276-278 It has been indicated that 
ACE inhibitors differ from each other in terms of 
their half-lives, bioavailability, lipophilicity, tis-
sue distribution, bradykinin site selectivity and 
routes of elimination.279 Nonetheless, the dis-

arterial and venous pressure for decreasing the 
preload and afterload on the heart.239-240 Since 
ACE regulates the balance between the vasodila-
tory and natriuretic properties of bradykinin and 
the vasoconstrictive and salt-retentive proper-
ties of Ang II, ACE inhibitors alter the balance by 
decreasing the formation of Ang II and degrada-
tion of bradykinin. 241 Alterations in the formation 
and degradation of other vasoactive substances 
such as substance P by ACE have been demon-
strated.242 The increase in Ang II levels has also 
been shown to be caused by oxidised low-density 
lipoprotein-cholesterol as well as different neuro-
hormones including endothelin, catecholamines 
and aldosterone.231-233 Thus ACE inhibitors can 
be seen to attenuate vasoconstriction not only 
by suppressing Ang II formation and inhibiting 
bradykinin metabolism but also by modulating 
the effects of other factors. These changes by ACE 
inhibitors have been shown to improve cardiac 
output, decrease preload, induce vasodilation 
and promote natriuresis in heart failure.243-245 By 
decreasing the destruction of bradykinin, ACE 
inhibitors may also augment the production of 
endothelium-derived factors, such as nitric oxide 
and prostacyclin and thus may improve haemo-
dynamic changes and attenuate endothelial dys-
function. It has been reported that bradykinin 
enhances the status of high energy phosphates 
stores in the ischemic myocardium.246-248 

ACE inhibitors have been shown to improve 
Ca2+-handling in hypertrophied cardiomyocytes 
and thus play a significant role in preventing the 
transition of cardiac hypertrophy to heart fail-
ure.249, 250 In addition, ACE inhibitors have been 
reported to improve the β-adrenergic receptor 
transduction by preventing depression in β1-ad-
renergic receptor density, decreased adenylyl 
cyclase activity and attenuated guanine nu-
cleotide-binding protein changes in the failing 
heart.175 Since the impaired cardiac dysfunction 
in the failing heart is associated with reduced 
myosin chain content, myosin isoform shift and 
altered myosin gene expression, improvement 
of cardiac function by ACE inhibition has been 
suggested to be associated with an increase in 
myosin heavy chain content and normalisation 
of myosin isoform shift. Such beneficial effects 
of the ACE inhibition are considered to be due to 
protection of sulfhydryl groups and antioxidant 
properties of ACE inhibitors. Although several 
agents exerting ACE inhibition have been shown 
to protect changes in myocardial energy metabo-

lism in the failing heart, it has been indicated that 
the possible mechanism by which ACE inhibitors 
improve myocardial metabolism is via bradyki-
nin (instead of Ang II inhibition) which is known 
to improve myocardial oxygen consumption by 
increasing the accumulation of nitric oxide. Fur-
thermore, ACE inhibitors have been shown to 
exert vagomimetic action and increase the baro-
reflex sensitivity in patients with heart failure. 
These agents also down-regulate the sympathet-
ic activity by modifying the effects of Ang II on 
the release of norepinephrine from the adrener-
gic nerve endings and improve variations in the 
heart rate.104-107, 251 Thus, treatments with ACE 
inhibitors have been demonstrated to improve 
cardiac function and delay the development of 
end-stage heart failure by diverse multiple mech-
anisms.86, 252-259 However, the disadvantage of the 
ACE inhibitor treatment is its effects on non-ACE 
pathways as well as increase in the levels of bra-
dykinin causing side effects such as dry cough 
and angioedema.98, 99, 260
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crepancy of observations in their effects seems 
to occur due to the time of administration and 
doses of ACE inhibitors given to heart failure pa-
tients.42 Although it would be desirable to discuss 
the clinical significance of different ACE inhibi-
tors in terms of their dosages and dose-schedules 
for the therapy of heart failure, these aspects are 
beyond the scope of this article. Nonetheless, the 
beneficial effects of some of these agents includ-
ing captopril, enalapril, lisinopril and ramipril 
specifically for the treatment of MI-induced heart 
failure are outlined in the following discussion. 

Captopril has been reported to the improve sur-
vival and reduce the mortality and morbidity as 
well as both the fatal and non-fatal cardiovas-
cular events in MI-induced heart failure.42, 280-283 
Since the infarct size and cardiac stiffness are 
important factors which influence the post-in-
farction process and the progression of heart fail-
ure, captopril alone or with combination of other 
therapies has been shown to reduce the infarct 
expansion significantly. It has been suggested 
that this reduction of the infarct size may be due 
to increased collateral blood flow to the areas of 
infarction at risk. Reduced myocardial infarct 
size during the early-phase (within 72 hours 
post-MI) was associated with increased exercise 
capacity, improved diastolic function and atten-
uated left ventricular remodeling,284-287 whereas 
reduction of myocardial stiffness in the infarcted 
and non-infarcted myocardium,288 was observed 
to delay the occurrence of cardiac dysfunction in 
patients after MI.289-292 Treatment of MI-patients 
with captopril has shown that this ACE inhibitor 
attenuated the progressive LV enlargement and 
improved the LV ejection fraction.293 The benefi-
cial effects of  this drug  against ischaemia-reper-
fusion induced cardiac injury have also been 
reported.294 Cardiac remodelling accompanied 
changes in membranes, contractile proteins and 
extracellular matrix, as well as intracellular cal-
cium handling defects were improved with cap-
topril treatment in MI-induced heart failure.295, 296 
As Ang II is considered to be a stress hormone,297 
the administration of captopril has been shown to 
reduce cardiovascular responses to acute stress 
in the post-infarction heart failure as well as in 
the chronically stressed infarcted animals.270 
Furthermore, captopril has been observed to 
improve cardiac function, reduce collagen levels 
and decrease artery media thickness,298 as well 
as produce long-term haemodynamic benefits in 
patients with MI-induced heart failure.281 

Since the hyperactivity of brain RAS is associated 
with the progression of diastolic dysfunction and 
heart failure after MI, the intracerebral therapy 
with captopril was found to reduce LV dilatation 
and improve LV filling, increase brain blood flow 
during moderate-intensity physical activity and 
delay the development of cardiac dysfunction in 
heart failure.299, 300 Because cardiac apoptosis in-
duced cell death has been shown to play a crit-
ical role in the transition from compensated to 
non-compensated cardiac hypertrophy for the 
progression of heart failure due to increased cir-
culatory levels of  Ang II,301-305 captopril has been 
reported to exert the protective effects on cardiac 
apoptosis due to the inhibition of Wnt3a/β-caten-
in signalling pathway, attenuate myocardial hy-
pertrophy via the suppression of Jak2/Stat3 path-
way and markedly improve cardiac function.306 
Furthermore, because MI-activated RAS and up-
regulation of mineralocorticoid receptors facili-
tate the production of aldosterone for ventricu-
lar remodelling and increase reactive fibrosis in 
the myocardium during the development of heart 
failure, captopril treatment has been reported 
to normalise cardiac mineralocorticoid recep-
tors protein and mRNA expression. These results 
support the view that ACE inhibitors diminish 
the reactive fibrosis by reducing Ang II produc-
tion and attenuating the aldosterone-signalling 
pathways by decreasing the expression of min-
eralocorticoid receptors.307 Captopril treatment 
has also been shown to suppress the expression 
of protein kinases in the Ang II-mediated mito-
gen-activated protein kinase signalling pathway 
which modulates gene expression in the vascular 
smooth muscle, prevents myosin targeting sub-
unit isoform switching to preserve normal blood 
flow due to nitric oxide-mediated vasodilatation 
and attenuates the depression in LV function.308, 

309 In addition, the beneficial effects of captopril 
on energy metabolism have been reported upon 
the treatment of MI- induced heart failure.80 

The efficacy of another ACE inhibitor, enalapril, in 
improving cardiac function has been established 
in both experimental animals and patients with 
heart failure.83, 310-313 Alone or in combination with 
other therapies, enalapril was observed to pro-
duce beneficial effects in patients with reduced 
LV ejection fraction,314-317 in addition to improv-
ing exercise performance,83, 318 and heart rate 
variability.319 This therapy was found to restore 
normal autonomic tone in the heart, enhance 
myocardial fatty acid metabolism,83, 274 prevent 
pathological hypertrophy,320 and reduce the risk 
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of atrial fibrillation development.321 Further-
more, enalapril suppressed aldosterone concen-
trations,83 increased junctional conductance,322 
inhibited cardiac remodelling and improved 
cardiac function in heart failure patients.323-326 
Treatment with enalapril was also seen to de-
crease cardiovascular events327-328 and mortal-
ity329 as well as delay the progression of heart 
failure, decrease hospitalisation and increase the 
survival rate in heart failure patients.330-335  It has 
been noted that the administration of enalapril 
started within 24 hours of the onset of acute MI 
in patients did not show any improvement in sur-
vival,317 whereas the benefits of enalapril in heart 
failure patients are most probably due to its ac-
tions on both bradykinin metabolism and Ang II 
production.336, 337 Enalapril treatment has been 
observed to improve Ang II-induced defects in 
subcellular organelles and attenuate cardiac dys-
function during the progression of MI-induced 
heart failure by partially preventing changes in 
SR gene expression338 and SL Na+-K+ ATPase activ-
ities145 in failing hearts. 
 

Several clinical studies have shown that ramipril 
is also an effective and well tolerated ACE inhib-
itor.339, 340 This agent has been demonstrated to 
prevent cardiovascular diseases,341-343 and pro-
duce beneficial effects on cardiovascular events 
in patients, who are at high risk of LV dysfunction 
or heart failure,344-346 as well as in patients with-
out any evidence of LV dysfunction.347 Moreover, 
the therapeutic efficacy of ramipril alone or in 
combination with other treatments343, 348, 349 has 
revealed significant reduction of the risk for fatal 
and nonfatal arrhythmic events in high-risk pa-
tients without clinical heart failure or LV dysfunc-
tion.350-353 Beneficial effects of this ACE inhibitor 
for adverse ventricular remodeling,354 LV hyper-
trophy,355 and atrial fibrillation,356 are associat-
ed with improving exercise performance357 and 
cardiac function358 in patients after acute MI.337 
It has also been demonstrated that ramipril, by 
decreasing the vasopressor activity, aldosterone 
secretion, and bradykinin degradation, improves 
different haemodynamic, thrombotic and inflam-
matory events.279, 359-362  Furthermore, ramipril 
treatment has been observed to reduce the risk of 

Figure 3: Modification of myocardial infarction induced changes in adverse cardiac remodelling and subcellular defects following 
treatment with ACE (angiotensin converting enzyme) inhibitors. ANG II, angiotensin II.
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worsening angina and the occurrence of revascu-
larisation,363 the progression of heart failure and 
the all-cause mortality and morbidity following 
acute MI.352, 364-366 In addition, ramipril treatment 
has been indicated to limit the decline of cardiac 
function in non-infarcted regions and prevent the 
circumferential shortening in the sub endocardi-
um after MI.345 Another ACE inhibitor, benazepril, 
has also been shown to exert several beneficial 
effects including increased survival time in con-
gestive heart failure.367-369  The use of the benaz-
epril in combination of spironolactone results 
in delaying the recurrence of heart failure and 
its associated clinical signs as well as reducing 
the death rate.369 Long-term ACE inhibition with 
fosinopril was also observed to improve the de-
pressed responsiveness to Ca2+ in myocytes from 
the aortic-banded rats.249 Additionally, the inhi-
bition of ACE with perindopril has been shown 
to exert a reduction in the cardiovascular mor-
tality and a significant decrease in the non-fatal 
MI in both preclinical and clinical settings.370-373 
The benefits of perindopril are evident during its 
long-term efficacy and tolerability for reducing 
cardiac events while achieving the targeted heart 
rate and blood pressure levels.374-376 
 
Various ACE inhibitors such as zofenopril, which 
contain sulfhydryl groups, have offered addi-
tional favourable effects for scavenging oxyrad-
icals and reducing the reperfusion damage in 
heart failure.377-381 By providing high lipophilicity, 
long-lasting tissue penetration and good effica-
cy, zofenopril has been shown to reverse cardiac 
remodelling in congestive heart failure and de-
crease the short-term and long-term mortality in 
MI patients.349, 382,383 Administration of zofenopril 
was found to produce cardiac-specific effects and 
modulation of gene expression involved in the 
pathophysiology of myocardial ischaemia and 
heart failure, in addition to increasing the resis-
tance to ischaemia.348,384 It needs to be empha-
sised that imidapril, a long-acting non-sulfhydryl 
ACE inhibitor, has been shown to improve the 
prognosis of MI in mild, moderate and severe cas-
es of heart failure with a lower incidence of dry 
cough as compared to other ACE inhibitors.336, 385 

Prevention of MI-induced haemodynamic chang-
es and protection of the cardiovascular system by 
early treatment with imidapril have been demon-
strated  experimentally.269 ,386 Other beneficial ef-
fects of this ACE inhibitor on LV hypertrophy,387 
exercise capacity in chronic heart failure,388 LV 
remodeling in acute MI,389 and subcellular or-
ganelle defects have also been reported in failing 

hearts.198, 390-394 A schematic representation of the 
beneficial effects of ACE inhibitors at different 
subcellular targets for improving heart function 
and preventing heart failure due to MI is shown 
in Figure 3.

Modification of subcellular 
defects in MI-induced heart 
failure by ACE inhibitors

Although the activation of RAS and elevated lev-
els of Ang II are known to produce cardiac dys-
function in MI-induced heart failure and different 
ACE inhibitors have been reported to prevent or 
delay the progression of heart failure,395, 396  the 
mechanisms of their action for improving cardiac 
function are not fully understood. Various ACE in-
hibitors have shown to produce beneficial effects 
on changes on collagen expression,397 myocardi-
al energy metabolism,80,177 SL PLC isoenzymes as 
well as SL Na+-K+-ATPase activities, protein con-
tent and mRNA levels in heart failure.143-146, 398, 

399 Furthermore, alterations in SR Ca2+ transport 
activities, Ca2+-pump ATPase, phospholamban 
protein and gene expression,142, 160, 196, 400 as well as 
myofibrillar ATPase activities,198, 390 extracellular 
matrix,401 cardiac gene expression and cardiac 
function181, 184, 185, 196, 402 were observed to be atten-
uated by ACE inhibitors in MI-induced heart fail-
ure. Enalapril treatment was found to partially or 
fully prevent the MI-induced SL remodelling, and 
changes in protein content and mRNA levels for 
different isoforms of Na+-K+ ATPase.145  Enalapril, 
captopril and cilazapril have also been reported 
to affect SR remodelling in MI-induced heart fail-
ure.338, 403, 404 Alterations in MF Ca2+-stimulated 
ATPase activities, myosin gene expression and 
protein content induced by MI were attenuated by 
the treatments of infarcted rats with agents such 
as imidapril and trandolapril.198, 405  Imidapril, has 
shown the efficacy of partially preventing the al-
tered PKC activities and its isoforms as well as 
phospholipase C and D activities,146, 391 in addition 
to attenuating changes in Gi-proteins and adeny-
lyl cyclase,406 and improving cardiac function in 
MI-induced heart failure. It should also be men-
tioned that imidapril has been reported to im-
prove haemodynamic parameters and morbidity 
as well as reduce mortality in MI-induced heart 
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Table 1: Cardiac function, status of RAS and oxidative stress in 
control and MI rats with or without IMP treatment for 4 weeks 
starting at 3 weeks after the induction of MI.

Table 2: Sarcolemmal activities, protein content and mRNA lev-
els for Na+-Ca2+ exchanger as well as N+-K+ ATPase in control 
and MI rats with or without IMP treatment for 4 weeks starting 
at 3 weeks after the induction of MI.

Data are based on analysis of information in our paper394 (Shao et al. Am J 
Physiol Heart Circ Physiol 2005; 288: H1674-H1682) as well as from our pa-
per144 (Shao et al. Am J Physiol Heart Circ Physiol 2005; 288: H2637-2646). 
Values are mean ± SE of 6 animals in each group. IMP: Imidapril (1 mg/kg/day); 
MI: myocardial infarction; LV: left ventricle; LVEDP: LV end diastolic pressure; 
LVSP: LV systolic pressure; + dP/dt: maximal rate of pressure development; 
-dP/dt: maximal rate of pressure decay; RAS, renin-angiotensin system; ANG II, 
angiotensin II; ACE, angiotensin-converting enzyme; MDA, malondialdehyde, 
GSH, reduced glutathione, GSSG, oxidised glutathione. *P < 0.05 compared 
with respective control; †P < 0.05 compared with respective MI group.

Data are based on analysis of information in our paper144 (Shao et al. Am J 
Physiol Heart Circ Physiol 2005; 288: H2637-H2646). Values are mean ± SE of 
6 animals in each group. IMP: Imidapril (1 mg/kg/day); MI, myocardial infarc-
tion. *P < 0.05 compared with respective control; †P < 0.05 compared with 
respective MI group.

Parameters
Parameters

Control
Control

MI
MI

MI + IMP
MI + IMP

A. Cardiac functions:
A. Sarcolemmal activities:  

B. Na+-K+-ATPase isoform protein content:

C. Na+-K+-ATPase isoform mRNA level 

(% of control)

(% of control)

B. RAS activity parameters:

C. Oxidative stress levels:

LV mass, mg

LVEDP, mmHg

LVSP, mmHg

+ dP/dt, mmHg/s

- dP/dt, mmHg/s

Plasma ANG II
(fmol/ml)
Plasma ACE activity
(nmol/min/ml)
LV ACE activity
(nmol/min/mg protein)

Na+-dependent Ca2+-uptake 
(nmol/mg/2 sec)
Na+-Ca2+ exchanger protein 
content (% of control)
Na+-Ca2+ exchanger mRNA 
(% of control)
Na+-K+ ATPase
(μmol Pi/mg/hr)

α1

α2

α3

β1

α1

α2

α3

β1

LV MDA
(nmol/mg tissue lipids)
LV GSH
(μmol/g tissue)
LV GSSH
(μmol/g tissue)

7.6 ± 1.24

56 ± 3.7

0.50 ± 0.04

5.4 ± 0.3

72 ± 2.9

16.3 ± 0.9

118 ± 5.8*

74 ± 4.9*

0.81 ± 0.03*

16.7 ± 0.6*

32 ± 3.6*

26.5 ± 1.8*

30 ± 3.4†

50 ± 3.8†

0.41 ± 0.02†

460 ± 15.3

100
  

100

61.1 ± 4.9

100

100

100

100

100

100

100

100

230 ± 30.6*

21.9 ± 4.7*

43.3 ± 5.0*

23.1 ± 13.2*

10.9 ± 1.7*

4.7 ± 0.9*

150.0 ± 6.25*

68.2 ± 5.0*

53.3 ± 8.3*

48.3 ± 10.3*

250.0 ± 4.2*

43.1 ± 3.4*

383.3 ± 15.3†

43.7 ± 6.2†

81.7 ± 6.7†

54.4 ± 11.5†

82.6 ± 3.5†

41.3 ± 3.5 †

96.9 ± 5.0†

90.9 ± 4.5†

86.7 ± 6.7†

98.3 ± 6.9 †

133.3 ± 8.3†

82.75 ± 5.17†

39.8 ± 0.7†

62 ± 2.4†

14.4 ± 1.2†

981 ± 20*

14.2 ± 1.3*

139 ± 3.3

4,290 ± 618*

4,064 ± 574*

898 ± 20†

4.6 ± 0.3†

135 ± 13

7,726 ± 648†

7,840 ± 1,026†

894 ± 16

3.2 ± 0.8

144 ± 14

9,450 ± 1,186

9,624 ± 1,068

failure.392, 393, 395 Improvement of cardiac function 
in heart failure due to coronary occlusion148, 398 
by imidrapil treatment has been suggested to 
be due to reduction in the Ang II-induced sub-
cellular defects.144, 394 This view is based on our 
observations that treatment of infarcted animals 
with imidrapil attenuated the elevated LV end-di-
astolic pressure as well as depressions in both 
contraction and relaxation rates (± dP/dt) in the 
failing hearts (Table 1). The improved cardiac 
function upon imidrapril treatment was associ-
ated with reductions in the MI-induced increases 
in RAS activities as reflected by changes in plas-
ma Ang II, plasma ACE and LV ACE levels (Table 
1). The imidrapil-treated MI-animals also showed 
depressed content of malondialdehyde, conjugat-
ed dienes, and oxidised glutathione, as well as in-
creased content of reduced glutathione (Table 1), 
indicating depression in oxidative stress param-
eters in the failing heart. These findings provide 
evidence that ACE inhibitors exert beneficial ef-
fects by decreasing oxidative stress during the 
development of MI-induced heart failure.144, 394 

Because cardiac dysfunction in heart failure is re-
lated to remodelling of subcellular organelles and 
Ca2+-handling abnormalities,114, 116, 119 the effects 
of imidrapil on SL, MF and SR changes in the in-
farcted animals were also examined. The results 
in Table 2 show that treatment of MI-induced an-
imals with imidrapril attenuated changes in the 
SL Na+-Ca2+ exchange activity, mRNA levels and 
protein content in the failing heart. In addition, 
alterations in SL Na+-K+ ATPase activity as well 
as mRNA levels and protein content of different 
isoforms were fully or partially prevented in the 
failing hearts by imidrapil treatment (Table 2).  
The beneficial effects of imidapril treatments on 
changes in MF Ca2+-stimulated ATPase and MHC 
isoforms and mRNA levels in the failing hearts 
are shown in Table 3. Furthermore, the data in 
Table 4 indicate that marked alterations in SR 
Ca2+ uptake and Ca2+ release activities as well as 
protein content and gene expressions, (except 
calsequestrin) in the failing hearts, were attenu-
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Table 3: Myofibrillar ATPase activities, protein content and 
mRNA levels in control and MI rats with or without IMP treat-
ment for 4 weeks starting at 3 weeks after the induction of MI.

 Data are based on analysis of information in our paper198 (Wang et al. J Mol 
Cell Cardiol 2002; 34: 847-857). Values are mean ± SE of 7 animals in each 
group. MHC: myosin heavy chain. *P < 0.05 compared with control; †P < 0.05 
compared with MI group.

Parameters Control MI MI + IMP

A. Myofibrillar activities:

B. Myosin heavy chain content

C. Myosin heavy chain mRNA levels

(% of Total)

(Relative intensity)

Ca2+-stimulated ATPase
activity (μmol Pi/mg/h) 
Mg2+-ATPase activity
(μmol Pi /mg/h)

10.32 ± 0.58

3.49 ± 0.19

6.83 ± 0.37*

3.87 ± 0.12

8.3 ± 0.42†

3.47 ± 0.2

Total MHC

α-MHC

β-MHC

α-MHC

β-MHC

100

94.63 ± 5.37

5.37 ± 0.3

100

100

45.5 ± 11.25*

150.95 ± 4.5*

80.75 ± 13.0†

111.25 ± 11.25†

102.67 ± 5.4

50.43 ± 5.9*

49.57 ± 4*

90.725 ± 7.9

72.1 ± 4.6†

27.93 ± 0.65†

ated by treatments with imidapril. These obser-
vations provide evidence that ACE inhibitors may 
improve cardiac dysfunction during the develop-
ment of MI-induced heart failure by attenuating 
alterations in subcellular organelles.

Conclusion

From the foregoing discussion, it is evident 
that the activation of RAS and formation of Ang 
II due to pathological stimuli such as haemody-
namic overload and heart attack (MI) play a 
critical role in the occurrence of cardiac hyper-
trophy and heart failure. At initial stages, the 
activation of RAS and release of Ang II increase 
myocardial muscle mass (adaptive cardiac 
remodelling or physiological cardiac hyper-
trophy) and blood pressure to maintain car-
diovascular homeostasis. On the other hand, 
elevated levels of plasma Ang II for a prolonged 
period have been demonstrated to result in the 
development of cardiac dysfunction (patholog-
ical cardiac hypertrophy or adverse cardiac re-
modelling) and heart failure. A wide variety of 
defects in adverse cardiac remodelling includ-
ing fibrosis, apoptosis, necrosis, inflammation, 
oxidative stress, Ca2+-handling abnormalities, 
mitochondrial Ca2+-overload and the loss of 
myofibril Ca2+-sensitivity have been identified 
during the development of heart failure. How-

ever, the exact contribution of these alterations 
for explaining pathogenesis of cardiac dysfunc-
tion due to elevated levels of Ang II for a pro-
longed period is not clearly understood. None-
theless, both experimental and clinical studies 
have revealed that blocking the formation of 
Ang II by different ACE inhibitors or preventing 
the actions of Ang II by various AT1R antago-
nists produce beneficial effects for improving 
heart function as well as delaying the progres-
sion of heart failure. In this review we have 
attempted to analyse the existing information 
regarding the effects of various ACE inhibitors 
to understand the role of Ang II as well as the 
mechanisms of its action for inducing cardiac 
dysfunction and heart failure. 

Since ACE inhibitors not only attenuate the 
formation of Ang II by preventing the conver-
sion of Ang I to Ang II but also interfere with 
the breakdown of bradykinin, the beneficial 
effects of these agents in heart failure are con-
sidered to be due to both the reduction of Ang 
II levels as well as the accumulation of bra-
dykinin. However, it should be noted that the 
accumulation of bradykinin upon the admin-
istration of ACE inhibitors has also been sug-
gested to account for their side effects such as 
dry cough and angioedema. Furthermore, the 
reduction in the level of Ang II by ACE would 
attenuate the beneficial effects of AT2R acti-
vation as well as that of the MASR activation 
because the formation of Ang 1-7 will be de-
creased. On the other hand, the formation of 
oxyradicals and subsequent development of 
oxidative stress will be reduced due to depres-
sion in the activation of both SL and MT NADPH 
oxidases by treatment with ACE inhibitors. Al-
though the balance of opposing changes due to 
ACE treatments may be of a complex nature, 
the depression of oxidative stress and associat-
ed inflammation in the failing myocardium can 
be seen to attenuate subcellular alterations, 
Ca2+-handling abnormalities as well as loss of 
myofilament Ca2+-sensitivity. These observa-
tions support the view that the modification 
of all these subcellular defects upon the reduc-
tion of oxidative stress in cardiomyocytes due 
to treatment with ACE inhibitors results in im-
proving cardiac function and delaying the pro-
gression of heart failure. It is emphasised that 
it is not the authors’ intention to exclude oth-
er Ang II-induced mechanisms for partially or 
fully preventing metabolic abnormalities and 
diverse signal transduction defects in eliciting 
the beneficial effects of ACE inhibitors in heart 
failure.
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Abstract
Tobacco smoking is a mental and behavioral disease. It causes significant pathol-
ogy and premature death in more than seven million individuals a year around 
the globe. Because smoking is such important public health issue, the general 
public will benefit from targeted preventive strategies. Medical doctors have a 
vital role in smoking cessation of their patients. Non-smokers are more success-
ful in this role than chronic smokers. Governmental regulation on smoking, as 
well as strict no-smoke policy in hospitals and university campuses will help not 
only medical students, other health workers and the general public to quit smok-
ing and contribute to the general good health of this population. The aim of this 
comment is to analyse the current smoking habits of physicians and medical stu-
dents and presents policies and other help to the medical students to stop tobac-
co smoking.
  
Key words: Tobacco smoking; Nicotine; Smoking cessaton; E-cigarettes; Tobacco 
module; Nicotine replacement therapy.
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Introduction

Tobacco smoking is classified (Classification 
of Diseases, ICD-10) as a mental and behavior-
al disease. Smoking poses a major public health 
problem, because among the more than a billion 
smokers around the globe, it causes significant 
pathology and premature death in more than sev-
en million individuals a year.1 Moreover, the prev-
alence of smoking has increased dramatically 
within the 20th century and continues to increase 
in many underdeveloped countries.2 Despite the 
association of tobacco smoking with numerous 
diseases and adverse effects, the habit continues, 
especially among young people. In addition to 
the health risks caused by smoking, there is gen-
erally a negative perception of smokers within 
an educated society. Nonetheless, many medical 
professionals continue to smoke. By the middle of 
the last century in many countries, including the 
former Yugoslav republics, approximately half of 

all physicians smoked. Now that number has de-
creased again by half, to approximately 25 %. 

Main aim of this article is to analyse the current 
smoking habits of physicians and medical stu-
dents. Because smoking is such an important 
public health issue, the general public will benefit 
from targeted preventive strategies, along with 
physicians and their patients, as well. 

Smoking prevalence of physi-
cians and medical students
Data recently obtained from 246 studies world-
wide,3 show a 21 % smoking prevalence among 
all physicians. Prevalence of smoking was 25 % 
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for medical students, 24 % among general prac-
titioners, 18 % among surgical specialties, 17 % 
for psychiatrists, 16 % in internal medicine spe-
cialties, 11 % in anesthesiologists, 9 % in radio- 
logists and 8 % in pediatricians. Male physician 
populations include a higher prevalence of smok-
ers and age did not influence that number.3 

The educational status and medical specialty can 
influence the degree of stress. Medical students 
are exposed to the stress of difficult academ-
ic studies and they often exposed to gatherings 
where most participants smoke. One subgroup of 
physicians, general (family) practitioners often 
experience heavy workloads, which combines 
increased stress with inadequate working con-
ditions. These factors may lead to depression 
and drug use. In addition, those who practice in 
a specialty such as surgery, may face legal issues 
related to their work. Altogether these contribut-
ing factors constitute traumatic experiences and 
thus increased stress.

On the other hand, pediatricians probably smoke 
less because they deal most frequently with com-
mon and curable diseases. The prevalence of 
smoking for medical students varies significantly 
in various countries. At the Tbilisi medical school 
the prevalence for medical students is 49 %, in Bo-
logna 37 %, Spain 42 %, Greece 41 %, India 7 %, 
China 4-6 %, Australia 3 % and 2-3 % in Ameri-
can medical schools.4, 5 Due to specific social hab-
its, male physicians in almost all countries smoke 
more than their female counterparts. Sixty years 
ago, over 40 percent of the population in the for-
mer Yugoslavia smoked. Since then, the number 
of smokers has gradually declined. In addition to 
a prominent tobacco culture, two opposing fac-
tors also influenced smoking prevalence in every 
country examined: tobacco marketing and to-
bacco control. Tobacco marketing tends to target 
more poor countries, but it still remains a great 
public health problem in both developing and de-
veloped countries. Nowadays, the prevalence of 
cigarette smoking in Slovenia is about 23 %, Ser-
bia 34 %, Croatia 36 %, Montenegro 36 %, Bosnia 
and Herzegovina 36 %, Northern Macedonia 37 
% and among 12 European countries in 2018, the 
prevalence of tobacco smoking ranged from 19 % 
in Italy to 37 % in Bulgaria and Greece.6  

A survey performed in Serbia 2013 shows that 
23 % physicians and 39 % nurses were smok-
ers. Physicians in average smoked for 29.3 years 
and nurses 18.9; physicians daily used 17.5 cig-

arettes, nurses 16.2. Five years later, the preva-
lence of smoking among primary care physicians 
in Serbia has not improved.8

Tobacco, nicotine and e-ciga-
rettes
Tobacco leaves have been cultivated by native 
American tribes around Peru and Ecuador, who 
traditionally smoked socially and ceremonious-
ly.9 Among many species of tobacco, Nicotiana ta-
bacum is the main commercial product. Cigarettes 
contain about 600 chemicals, but smoke has more 
than 7,000. At least 69 of these chemicals are toxic 
and can cause cancer. Nicotine is a very toxic com-
pound, but its content in a cigarette is small (10 
to 12 mg). A smoker inhales about 1.0 - 1.8 mg of 
nicotine from each cigarette. Among other biolog-
ical effects, nicotine is now known to be addictive. 
In addition, the manufacturers of cigarettes have 
added various chemicals to enhance the taste and 
absorption of nicotine.

Smoking tobacco increased globally when tobacco 
was manufactured as cigarettes, especially during 
the First World War. In the 1880s, a rolling ma-
chine was invented and the new tobacco product 
was prepared using the milder sorts of tobacco, 
which enabled smokers to inhale and consequen-
tially, smoking rates increased dramatically and 
the premature deaths of smokers significantly in-
creased.

In the nineteen century many physicians believed 
that smoking could be harmful, but there was no 
proof, as yet, to substantiate such a claim. Never-
theless, the opinion was expressed in the current 
artistic literature. In 1886, A.P. Chekhov published 
an one-act play entitled "On the damaging effects 
of tobacco".10

The first epidemiological studies done in Germa-
ny before the Second World War showed an as-
sociation between smoking and lung cancer. This 
observations stimulated a number of vigorous 
antismoking campaigns in this country.11 How-
ever, the German results were overlooked by the 
victors and the world waited more than 30 years 
to rediscover the relationship between tobacco 
smoking causes most lung cancers. Nearly 9 of 10 
lung cancer deaths are caused by smoking. 
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Physicians’ role in smoking ces-
sation

Ronald A. Fischer, father of the modern statistics, 
who smoked a pipe, did not believe that smoking 
causes lung carcinoma. In 1957, Fisher published 
a letter about it in the British Medical Journal.12 
Oddly enough, the German epidemiologists had 
used his statistical methods and established a ca-
sual relationship. In 1990, the US Surgeon General 
concluded that smoking is the most extensively 
documented cause of various diseases, but gov-
ernments worldwide have been ambivalent and 
slow to try to reduce smoking. It was not until the 
that this view changed and then it was mainly only 
in culturally advanced countries.

In 2003, the first commercially successful elec-
tronic cigarette was created in Beijing by Hon Lik, 
a 52 year old pharmacist, an inventor and also a 
smoker. He created this device after his father, also 
a heavy smoker, died of lung cancer. The device 
uses a nicotine and other constituents, such pro-
pylene glycol and flavoring, which are aerosolised 
with electronic battery-operated processes and 
inhaled. The terms “e-cigarettes” or “vaping”, are 
used synonymously. E-cigarettes do not burn liq-
uids like tobacco in cigarettes or any other com-
bustible tobacco product, eg cigars, pipe tobacco, 
roll-your-own and any other product that burns 
tobacco for human consumption. Combustible to-
bacco is a process that yields about several thou-
sand chemicals, including about 70 carcinogens. 
For that reason, smokers should cease combus-
tible tobacco use. Non-combustible smoking has 
minimal risks,13 but benefits of e-cigarettes should 
be only used as a cessation option. 

Figure 2: The postal stamp released on 31 January 1990. It was 
a recognition of yearly antismoking campaign in whole country 
led by medical students from Tuzla and Banja Luka. The cam-
paign started in 1980.

Many countries employ various ways to help peo-
ple quit their tobacco use: the World No Tobacco 
Day, 31 May; Nacionalni dan bez cigarete, January 
31st in the former Yugoslavia (Figure 1), Naciona-
lni dan bez duvanskog dima Srbije i Bosne i Herce-
govine, 31 January, (started in 2000) and Hrvatski 
dan nepušenja (Ash Wednesday, started in 2019).

Physicians see a large number of smokers for 
medical reasons and thus can play an import-
ant role in helping them to quit smoking. Even a 
brief intervention can make a strong impact on 
adult smokers. Because a tobacco smoker has an 
increased risk of peri- and postoperative compli-
cations, eg a higher incidence of airway and respi-
ratory and cardiovascular events and impaired 
wound healing, imposition of preoperative smok-
ing abstinence is indicted. A patient scheduled for 
surgery, or giving birth, or one who participates 
in competitive sports, presents an opportunity for 
permanent smoking cessation. The primary care 
physicians, anesthesiologists, surgeons and other 
medical specialists should be thus able to offer an 
intensive smoking cessation intervention14 that 
would be helpful to a person who has decided to 
quit. 

Table 1: Drug treatment for smoking cessation

* During pregnancy nicotine replacement therapy (NRT) could be used if it will 
help a woman stop smoking, in the case that she is unable to stop without it. 
It is not recommended that she use the stop smoking tablets such as bupropi-
on, cytisine or varenicline. If a woman lives with someone who smokes, they 
should discuss recommendations to quit together. If a woman is not pregnant 
yet, she should choose a quit date before conception.
* Nicotine replacement therapy should only be used for craving relief.

Drug and method of
administration Main contraindication*

Nicotine (replacement therapy)*
- Nicotine patch, transdermal

- Gum, chewing 

- Lozenge, sublingual

- E-cigarettes, smoking

Uncontrolled blood pressure

Bupropion (Zyban) tablets
Cytisine (Tabex) tablets

Varenicline (Chantix) tablets 

Convulsions, alcoholism
Vascular disease

Mental disorders 

To this end, medical schools could introduce a 
module on tobacco smoking for students within 
the first year, to be followed by another during 
the clinical years.15 A student should learn that 
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the most important family practitioners' role re-
lated to tobacco use is to establish and record the 
status of a smoker. The doctor should ask a smok-
er when he/ she lights the first cigarette after get-
ting up in the morning and how many cigarettes 
smokes a day in order to determine if a smoker 
belong to a group of smokers that have psycholog-
ical dependance (‘light smokers’) or both psycho-
logical and physiological (‘heavy smokers’). Light 
smokers can easily quit smoking because they are 
only mentally dependent on smoking, while heavy 
smokers have to overcome both psychological 
and physical dependance.16 They often need more 
help during cessation, including prescription of 
antismoking medications (Table 1). E-cigarettes 
are more effective for smoking cessation than nic-
otine-replacement therapy, when both products 
were accompanied by behavioral support.17

Encouraging medical students to quit smoking re-
quires a special effort, one that is not just for their 
own health, but also for overall reduction of physi-
cians-smokers. Despite medical students’ knowl-
edge of the damaging effects of smoking tobacco, 
they often smoke more during their stressful edu-
cation and some formerly light users may become 
heavy smokers.

Tobacco-free policies are necessary to create a sat-
isfactory milieu for smoking cessation support.18 
The first step is to develop motivation to quit 
smoking. Tobacco free policies will help to achieve 
smoke-free hospitals and university campuses. 
For many of those who are physically addicted, 
counseling and use of anti smoking medication 
may be required. The place to locate such a unit is 
most appropriately located within the university 
students health service.

Help to the medical students to 
quit smoking

Table 2: Policies and other help to the medical students to stop 
tobacco smoking

* "No-Smoke" policy means that smoking is only permitted at certain loca-
tions outside the buildings and all closed spaces; penalty for violations include 
smoking (cigarettes, e-cigarettes or other ‘vapor’ products).

Institution Method
Hospitals

Medical school

University

"No-Smoke" policy*

One or two modules on tobacco
Campus ‘No-Smoke’ policy* and campus
health service

The best timing for a smoker to start quitting 
would be as soon as possible after the tobacco 
module in the first year of study. Strict enforce-
ment and clear penalties must be established to 
ensure compliance.18 It is much easier to quit be-
fore a student enrolls in medical school. Educa-
tional messages posted on social media platforms 
will create awareness of a potent no-smoking pol-
icy during medical study.

Long term abstinence rates for nicotine cessa-
tion are pretty low, regardless of whether both 
counseling and medication during the follow-up 
period were applied.19, 20 However, physical exer-
cise during the smoking cessation, for eliminating 
or reducing nicotine withdrawal symptoms and 
craving, may be effective. This includes Yoga and 
should be applied during the follow-up period.21

The mechanism of the effect of exercise on the 
withdrawal symptoms and craving includes ex-
ercise-induced β-endorphin production by iso-
tonic exercises, while isometric exercises may not 
change the level of β-endorphin.22 It is observed 
that isometric exercises in persons who are in 
geriatric age also produced β-endorphin and im-
proved the mood.23, 24 In addition to the useful 
effects of physical exercise at nicotine addiction, 
physical exercise can promote general health of 
the ex-smokers. These observations suggest that 
the students-smokers should rather use isoton-
ic then isometric physical exercises during the 
smoking cessation.

Conclusion

All smokers should quit combustible tobacco 
use to avoid harmful effects.25 For smoking ces-
sation, smokers may use e-cigarettes; they heat, 
but do not burn liquids that contain nicotine 
and other additives. In comparison to the risks 
of combustible tobacco smoking, electronic 
nicotine delivery systems are less harmful and 
they may be effectively used for smoking ces-
sation. Long lasting dual use of combustibles 
and e-cigarettes may deter smoking cessation 
and avoid benefits in achieving permanent ab-
stinence.

Medical doctors have a vital role in smoking 
cessation of their patients. Non-smokers are 
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more successful in this role than chronic smok-
ers.26 Therefore, a doctor who smokes should 
make every effort to commit to smoking ces-
sation, even though it may take  two, three or 
more trials. In anticipation of the increased 
stress involved, any young person should strive 
to quit smoking, even before applying to med-
ical school. Governmental regulation on smok-
ing, as well as strict no-smoke policy in hospi-
tals and university campuses will help not only 
medical students, other health workers and the 
general public to quit smoking and contribute 
to the general good health of this population. 
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Abstract
The School of Medicine at the University of Belgrade celebrates its centennial 
anniversary. The Institute of Pharmacology and Toxicology, founded in 1924, 
played an important role in the School's life and development. It is not just about 
the scientific achievements, but above all, the exceptional personalities of our 
predecessors. If they spent their academic careers somewhere else, they would 
certainly have been among the most respected researchers in the world. The 
courage to stay in the turbulent Balkans and maintain successful communica-
tion with colleagues from abroad deserves respect and admiration. One German 
and one Serb, professors Arnold Holste and Radivoje Pavlović, the latter with 
severely impaired sight, did an extraordinary job. They established a distinct 
pharmacological school, equipped research labs and provided their students 
with generous support despite the adverse circumstances (two world wars and 
persistent economic crisis, above all). Their younger associates, future profes-
sors Dimitrijević and Bogdanović, followed in the footsteps of their predeces-
sors. Their example and sacrifice oblige us to keep pace with the extremely rapid 
development of pharmacology in the world.

Key words: Pharmacology; School of medicine; Centennial anniversary.
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Establishment of the University Medical School in Belgrade 
- the first hundred years
The end of the nineteenth and the beginning of 
the twentieth century in Serbia were marked 
by numerous debates and opposing views re-
garding the need to establish a medical faculty 
in Belgrade. On one side stood physicians Milan 
Jovanović Batut (1847-1940) and Đoka Nikolić, a 
member of the General Sanitary Council and on 
the other equally distinguished doctors - Vladan 
Đorđević and senior military officer Mihajlo 
Petrović, to mention only the most prominent 
among them. The former advocated the estab-
lishment of the faculty of medicine in Belgrade 
and supported the transformation of the Great 

School to the level of a university. They had a 
role model in the successful organisation of the 
University of Zagreb, where the initiative to es-
tablish a medical faculty has come a long way. 
However, the latter strongly opposed the estab-
lishment of the first medical faculty in Serbia, 
arguing that it was more reasonable to educate 
young doctors abroad and that the medical facul-
ty was an expensive and complicated institution 
that required decades of investment in scientific 
staff and equipment. The need for medical staff 
was more than obvious - the situation in Serbi-
an health care was challenging, but the conflict 
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Pharmacology was first defined in 1791 by the 
German chemist and physicist Friedrich Albrecht 
Karl Gren (1760-1798), distinguishing between 
pharmacology as a science of drugs and materia 
medica as a list and description of drugs.3 In the 
mid-1800s, pharmacology emerged as a separate 
scientific discipline, positioned between physi-
ology and experimental pathology.4 The founder 
is considered to be the German pharmacologist 
Rudolf Buchheim (1820-1879), who founded the 
first Institute of Pharmacology (in his own base-
ment) in the Russian city of Dorpat (now Tartu, 
Estonia). Buchheim became the first Head of the 
Department of Materia Medica, Dietetics and His-
tory and Encyclopaedia of Medicine in 1847 when 
he was only 27 years old. Indeed, he did a lot:

• Buchheim defined the essential parts of 
pharmacology, pharmacokinetics, and 
pharmacodynamics.

between supporters and opponents of the estab-
lishment of the faculty was very sharp and was 
conducted both in the National Assembly and in 
the most prestigious medical journal of the time - 
Serbian Archives.

At the end of the nineteenth century, Belgrade 
had four hospitals (general/state-, military-, pris-
on-, and mental hospital, with almost 800 beds) 
and 54 civilian and 10 military doctors. The sit-
uation in those hospitals was extremely difficult, 
as the press from that time testifies. Despite the 
conflicting views of the medical professionals 
and general public, surgeon Dr Vojislav Subotić 
("senior", 1859-1923) managed to adopt an initia-
tive in the Serbian Medical Association in 1914 to 
establish a medical school in Belgrade. The for-
mer Prime Minister, Stojan Protić, then accepted 
such an initiative. The report was written by a 
commission composed of Dr Milan Jovanović Ba-
tut, Dr Vojislav Subotić and Dr Edward Mihl who 
had already visited 17 European medical schools 
in order to find the best model. However, the fac-
ulty could not be established before World War I. 
Unfortunately, the Great War brought enormous 
suffering and death of a huge number of civilian 
victims, which strengthened arguments for the 
establishment of one of the first medical faculties 
among the South Slavs.

In 1876, Josif Pančić, the first Chairman of the 
Serbian Royal Academy, initiated the transfor-
mation of the Great School into the University of 
Belgrade and in 1898 the National Assembly of 
Serbia decided to adopt this initiative, which was 
accomplished seven years later. Unfortunately, 
this law did not provide for the establishment of 
the Faculty of Medicine within the University of 
Belgrade. Only after the end of World War I, the 
energetic Minister of Education Ljuba Davidović 
initiated an adjustment of the 1905 University Act 
enabling the establishment of the School of Medi-
cine within the University of Belgrade. Professor 
Batut was the first appointed Dean and Dr Vo-
jislav Subotić Sr., former Head of the Surgical De-
partment of the General State Hospital, the first 
Vice-Dean. The Faculty began its work on 20 Feb-
ruary 1920. The first decision of the Board of Di-
rectors was the appointment of Professor Đorđe 
Joannović from the Medical Faculty in Vienna as 
a Full Professor of Pathology. Thus, the appoint-
ment of the first full professors was successfully 
completed and the Administration was able to 
dedicate itself to the organisation of the work of 
the Faculty. The Faculty was officially opened on 
9 December 1920, with a Dean's speech. The first 
lecture was given by a former French surgeon Dr 
Niko Miljanić, the newly appointed Full Professor 
of Anatomy in Belgrade.1, 2

A brief history of pharmacology

• Also, he explained the term “drug 
mechanism of action”.

• Last but not least, he introduced the 
experimental method in drug testing 
through animal experiments and bioassay.

Thus, it might be said that he was the real found-
er of experimental pharmacology. Before Buch-
heim, science of drugs was limited to collecting 
pharmacognostic information without in-depth 
analysis. The foundation of the Dorpat Institute 
of Pharmacology in the mid-nineteenth centu-
ry dates back eight years before Virchow estab-
lished cell theory and fourteen years before Pas-
ter’s theory of germs. Buchheim also translated 
Jonathan Pereira’s Materia Medica from English 
into German. Accordingly, Buchheim was not 
the first expert in therapeutic agent armamen-
tarium. However, he was the first experimental 

Todorović et al. Scr Med 2022 Mar;53(1):82-8. 83



CONTENT

Institute of Pharmacology in Belgrade

pharmacologist in the modern sense of the term. 
Moreover, Buchheim improved Pereira’s publica-
tion by adding a lot of new drugs and completed 
his own textbook of pharmacology (Lehrbuch der 
Arzneimittellehre) in 1848. It should be empha-
sised that the first clinical trials also gave impe-
tus to the further development of pharmacology, 
such as the investigation of the effects of lemon in 
sailors with scurvy by Lind (published in 1753) 
or Wihering’s research on the impact of foxglove 
in heart failure (1785).

Buchheim was active as a mentor - between 1847 
and 1867, he supervised 90 papers, including 80 
doctoral theses. His probably most successful 
student was Oswald Schmiedeberg (1838-1921), a 
Baltic German who established the first pharma-
cological journal, Archives of Experimental Pathol-
ogy and Pharmacology (1873), the world-famous 

founder of the German pharmaceutical industry.3 
As a scientist, he discovered the importance of 
the chemical structure of drugs for their pharma-
cological action (structure-activity relationship). 
If Buchheim laid the foundations of experimental 
pharmacology, emphasising that drugs should be 
examined by pharmacologists, not chemists and 
physicists, then Schmiedeberg popularised phar-
macology worldwide, becoming known as the 
“Father of Pharmacology.” During his prosper-
ous, nearly half-century-long scientific career at 
the University of Strasbourg, he had 120 students 
from twenty countries who later held approxi-
mately forty pharmacology chairs worldwide. 
Many of his students became world-famous, such 
as Hans Horst Meyer (1853-1939), who set up the 
famous Meyer-Overton theory of narcosis and 
mentored four future Nobel laureates.

Among Oswald Schmiedeberg’s younger asso-
ciates was Arnold Holste (1863-1937), a future 
founder of the Institute and first Full Profes-
sor of Pharmacology in Serbia. Holste came to 
Belgrade in the early 1920s upon the invitation 
of Prof. Joannović and the recommendation of 
H.H. Meyer (both were professors at the Vienna 
Medical School and the latter was a collaborator 
of Schmiedeberg himself). Arnold Holste was 
elected as a Full Professor of Pharmacology and 
Toxicology in 1923 and took the chair in 1924. 
Previously, Holste was an Associate Professor 
at the Medical Faculty of the University of Jena, 

Germany. His collaboration with Schmiedeberg 
occurred from 1911-1913 when he was his assis-
tant in Strasbourg.

Arnold Holste was born in Hanover, Germa-
ny, on 28 August 1863. He studied medicine in 
Göttingen and Berlin. From 1888, when he was 
promoted to MD. Then, he worked at the Inter-
nal Medicine Clinic in Göttingen and then moved 
to Hannover, where he worked at the obstetrics 
school and as a general practitioner. From 1904-
1906 he worked at the Institute of Physiology in 
Göttingen and then spent three years at a phar-

Figure 1: Panel A: The portrait of Professor Arnold Holste (adapted from ref. 6). Panel B: Medical student's Index (Gradebook) from the 
1920s signed by Professor Holste in Cyrillic, University of Belgrade School of Medicine (author's collection). Panel C: The cover page 
of the Serbian Archive of Medicine (issue 5-6 published in June 1932) with the paper entitled: "Historical development of therapy" 
written by Arnold Holste.

A B C D
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maceutical company in Switzerland. Holste sub-
sequently moved to Strasbourg, Jena and finally 
Belgrade.5, 6

Upon his arrival in Belgrade, Professor Holste 
faced problems such as lack of Serbian language 
skills, the flawed premises of the Institute and 
lack of financial support. Such obstacles tempo-
rarily prevented him from continuing his scien-
tific research. Three years later, when Pharma-
cology Institute moved to the new establishment, 
Holste continued his previous research on the 
interplay between calcium and digitalis, pharma-
cology of bile acids, etc. Holste wrote his papers 
in German, French, Italian and Serbian, which he 
soon mastered well. This native German, who did 
not know a single Serbian word after arriving in 
Belgrade, signed in Cyrillic after a few years and 
gave lectures fluently without an interpreter 
(Figure 1).

Holste’s research opus focused on the pharmaco-
logical effects of the active ingredients of herbal 
drugs (foxglove, peony, etc.), aspirin’s vasodilato-
ry properties and others. He was a distinguished 
scientist of his time, whose results were cited 
decades later.7 However, Holste regularly sub-
mits manuscripts to the Medical Review journal 
(Medicinski pregled in Serbian), a respected inter-
national scientific journal published at the Med-
ical Faculty in Belgrade between 1926 and 1940 
that was edited by his younger collaborator, Prof. 
Radivoje Pavlović (see below). Professor Holste’s 
research interests were broad, ranging from a 
historical overview of different types of thera-
py to experimental research of active principles 
of herbal drugs. In 1926 he published a paper on 
heavy metal poisoning in German8 and in 1930 a 
textbook entitled: “Fundamentals of Toxicology” 
in Serbian. Holste’s lectures had a broad and large 
audience, despite being often held in uncondi-
tional rooms. The professor was kind, helpful and 
ready to explain the complex matter quickly and 
clearly. At the same time, he was very precise and 
meticulous in his scientific research. He learned 
experimental work from the most outstanding 
researchers of his time, such as Oswald Schmie-
deberg and he studied pharmacology only after 
he acquired basic knowledge of clinical medicine. 
In particular, his experience in the pharmaceuti-
cal industry has helped him gain a critical view of 
drug development. The Institute of Pharmacolo-
gy of the Medical Faculty in Belgrade is immense-
ly grateful to him, above all, for his endless en-
thusiasm and dedicated efforts. Professor Arnold 

Holste passed away and was buried in Belgrade 
in April 1937.

Professor Radivoje Pavlović (1893-1938) was the 
first Serbian pharmacologist. Like Holste, Pav-
lović was an experienced clinician before devot-
ing himself to pharmacology at the newly estab-
lished institute in Belgrade. Pavlović was born in 
Hungary, where he graduated from Medicine in 
Budapest as a Tekelianum scholarship holder. He 
expanded his medical education in Berlin, study-
ing biochemistry and specialising in internal 
medicine. He gained clinical experience in Sub-
otica and Novi Sad, first as a military and then a 
civil physician. In 1922, he was employed as an 
assistant at the First Internal Medicine Clinic in 
Belgrade. Then, he became an associate of Pro-
fessor Holste, simultaneously translating his lec-
tures from German into Serbian. He was elected 
Teaching Assistant in Pharmacology and Toxicol-
ogy in 1926 and Assistant Professor the follow-
ing year. The introductory lecture of the young 
Assistant Professor was entitled: “Subjectivity in 
therapy”, which was Pavlović’s original contribu-
tion, but not without the influence of his teacher. 
Of note, Professor Pavlović emphasised the issue 
of dogmatism in therapy from the very beginning 
of his academic career. In 1929, Pavlović found-
ed a pharmacotherapeutic seminar for clinicians, 
the first of its kind in our region and in 1933 he 
became the Head of the Institute and Associate 
Professor at the Medical Faculty in Belgrade. As 
a researcher, he was unique and versatile and as 
a lecturer, he was beloved and respected by stu-
dents and doctors. This is not unusual, consider-
ing that Pavlović’s life motto was: “I always want 
to be surrounded by satisfied and happy people.” 
A particular achievement of Professor Radivoje 
Pavlović was the founding and editing of a pres-
tigious international journal entitled: Medical Re-
view (Medicinski pregled in Serbian) for 12 years 
(1926-1938). Professor Pavlović’s exceptional 
personality can also be portrayed by the fact that 
he was almost blind during the most productive 
years of his career, between 1926 and 1938, when 
he died at the age of 45. The loss of sight did not 
stop him from the numerous activities he per-
formed with enormous enthusiasm and the gen-
erous support of his wife. 

The title page of the paper from this journal is 
shown in Figure 2.

The Medical Review journal was published be-
tween 1926 and 1940. The founding board con-
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sisted of distinguished professors, deans and 
future rectors from Belgrade, Zagreb, Ljublja-
na and Sofia (Dr Đorđe Joannović, Dr Božidar 
Špišić, Dr Radoje Šerko, and Dr Vasilij Molov.9 
The project’s soul (spiritus movens) was, above 
all, Radivoje Pavlović, then a Teaching Assistant 
at the Faculty of Medicine in Belgrade and the 
future Editor-in-Chief of 156 issues published 
during the subsequent thirteen years. The edito-
rial board also consisted of Pavlović’s associates 
and friends, future eminent doctors - Arnovlje-
vić, Brašovan, Dimitrijević, Spužić, Šahović, etc. 
The first journal issue was published on 22 April 
1926, in Serbian, Bulgarian (Cyrillic), Croatian 
and Slovenian. The multilingual editorial policy 
of the journal was maintained until the end of its 
publication. Medical Review had a comprehensive 
profile of topics, from current reviews and orig-
inal articles to examples from medical practice, 
something like the BMJ or JAMA. Health workers 
from Serbia and abroad supported the journal 
with at notable subscription; 600 copies were 
sent to Bulgaria. His peers selflessly and with ad-
miration paid tribute to Professor Pavlović: “He 
had a superb family upbringing ... he acquired a 
humanistic education in the Serbian high school 
in Novi Sad ... Gifted by nature with many tal-
ents ... Made of goodness, optimists and idealists 
... He shared his impressive knowledge from all 
fields of science and art ... He was a great work-
er and endless source of enthusiasm ... He used 
the strength of his intellect and the warmth of his 
Slavic soul ... He believed in truth, justice, prog-
ress ... He was a good connoisseur of all human 
weaknesses ... Always consistent, always with a 
clear opinion, without hesitation in decisions ... At 
the beginning of his university career, he lost his 
sight - with undiminished enthusiasm and ener-
gy, he continued his work...”. 10 Last but not least, 
Prof. Pavlović wrote the first Principles of Pre-

Figure 2: Panel A: The portrait of Professor Radivoje Pavlović (adapted from ref. 6). Panel B: Principles of Prescription (in Serbian) by
Prof. Pavlović. Panel C: Materia Medica (in Serbian) by Radivoje Pavlović and Ilija Dimitrijević. Panel D: Paper published in the Medical
Review journal.

A B C D

scription and Materia Medica (with Ilija Dimitrije-
vić) in Serbian (in 1928, and 1929, respectively).
The associates and successors of Professors Hol-
ste and Pavlović were no less capable and worthy 
of respect. Professors Ilija Dimitrijević and Siniša 
Bogdanović continued their predecessors’ com-
prehensive scientific and pedagogical work in 
challenging times before, during and immediate-
ly after World War II (Figure 3).

They studied abroad in top-level medical school 
and were loved and respected both by their peers 
and students. They established pharmacology 
departments at related higher education institu-
tions, faculties of dentistry, veterinary medicine 
and pharmacy within the University of Belgrade. 
It is a great honour to work in the same institute 
as our dear professors and teachers and to con-
tinue their work.

Ilija Dimitrijević (1896-1968) graduated from 
the Faculty of Medicine in Geneva, specialising 
in chemistry in Berlin, microbiology in Paris and 
pharmacology in Belgrade. He spoke five languag-
es and being erudite, edited numerous books and 
dictionaries (such as Materia Medica and Medical 
Dictionary). He was a quiet, decent person and a 
successful scientist, endowed with extraordinary 
pedagogical skills. He made a great personal sac-
rifice - during World War II, he was imprisoned 
in the Banjica Nazi concentration camp. After the 
war, he was expelled from the Medical Faculty in 
Belgrade due to political persecution (1953) and 
half a century later, he was rehabilitated at the 
same faculty.

Siniša Bogdanović played a crucial role in devel-
oping the Institute of Pharmacology: he was first 
employed as a teaching assistant before World 
War II, met the founders of the Institute, and 
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gained exceptional training abroad (France, USA 
- Yale, etc). He later became a Visiting Professor at 
Rockefeller University in New York. After the War, 
he successfully led our Institute for more than two 
decades, giving impetus to a highly successful de-
velopment called the “golden age of the Institute.” 
He was highly professional, authoritative, with 
pronounced pedagogical skills and a parental at-
titude towards the younger associates. His broad 
publishing activity deserves particular attention: 
he wrote the first textbook in pharmacology in 
Serbian with an original chapter on hormones, 
the first of its kind in Serbian pharmacothera-
py. He was highly dedicated to teaching - every-
one was afraid of “Professor Bogdanovic’s index 
finger,” which would point out the mistakes of 
younger associates during the prescription exer-
cises. His exams were like theatrical performanc-
es that have been remembered for a long time. He 
often examined students from various faculties 
at the same time: medicine, veterinary medicine 
and others. Professor Bogdanović talked to doc-
tors, students and laypeople equally clearly and 
vividly. He sent his younger associates for train-
ing to the world’s leading centres and carefully 
pursued personnel policy.11

Figure 3: The portraits of Professors Ilija Dimitrijević and Siniša Bogdanović (Panels A and B, respectively; adapted from ref. 6). Experi-
mental Pharmacology (in German) by Dr. Hans H. Meyer and Dr. R. Gottlieb, the first pharmacology textbook used by medical students 
in Belgrade (panel C). Pharmacology (in Serbian) by Siniša Bogdanović (panel D).

A B C D

Conclusion

It is difficult to remain indifferent to the pic-
ture of the rapid development of pharmacolo-
gy at the Faculty of Medicine in Belgrade. The 
professors mentioned with the most profound 
respect in this text have brought us closer to 
world science without sparing themselves and 
often sacrificing their entire lives to it. Their 
example inspires and obliges us today, not only 
now when our faculty is celebrating a centen-
nial anniversary in the turbulent region of the 
Balkans.
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Abstract
Acute lymphoblastic leukaemia (ALL) is the most common childhood malignan-
cy. In the last decades, the survival rate of paediatric patients diagnosed with 
ALL has been significantly improved due to standardised treatment protocols 
based on risk stratification. Platelet mitochondrial dysfunction has been recent-
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ate disease and drug-induced mitochondrial dysfunction. It is reported here that 
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piration in a paediatric patient with acute lymphoblastic leukaemia in remission.
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Introduction

Paediatric leukaemia is the most common child-
hood malignancy. Acute lymphoblastic leukaemia 
is diagnosed in approximately 80 % of paediatric 
leukaemia cases.1
  
Due to major advances in diagnosis, risk stratifi-
cation and improved international treatment pro-
tocols, the survival rate of paediatric ALL patients 
significantly increased up to 80-90 %.2, 3Mitochon-
drial dysfunction is nowadays a widely accepted 
mechanism in the pathogenesis of all age-related 
chronic diseases.4, 5

Peripheral platelets represent a convenient 
source of human mitochondria since they can 
be easily sampled as compared to other tissues/
organs which require invasive biopsy. Recent 

studies have revealed that assessment of platelet 
respiration can provide an overall view of mito-
chondrial dysfunction and bioenergetic health.6-8 

In an elegant study, Baaten et al reported the 
presence of platelet mitochondrial dysfunction 
in adult patients diagnosed with haematolog-
ic malignancies undergoing chemotherapy.(9) 
However, the long-lasting effects of chemother-
apeutic drugs, after the termination of the stan-
dard cures, are well known. Whether platelet 
mitochondrial function can be further supported 
in the settings of haematological remission it is 
not known and has been here addressed in a pae-
diatric case diagnosed with acute lymphoblastic 
leukaemia (ALL).
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Case history

Experimental protocol and 
results

An 11-year-old male patient, with no previous sig-
nificant medical history, presented in April 2019 
with the following symptoms with insidious on-
set: fatigue, inappetence, pallor, myalgia. Clinical 
exam revealed general lymphadenopathies and 
splenomegaly. Laboratory investigations at the 
presentation showed the following abnormalities: 
moderate normocytic normochromic anaemia 
(Hb = 8.6 g/L, E = 3.410.000/mm3), leukocyto-
sis (18,180/mm3) with lymphocytosis (15,010/
mm3), elevated C reactive protein (101 mg/L), 
elevated erythrocyte sedimentation rate (103 
mm/h), elevated lactate dehydrogenase (1176 
U/L), increased serum ferritin (553 ng/mL), hy-
peruricaemia (438 µmol/L) and mild hepatocy-
tolysis. Viral serology testing excluded infectious 
mononucleosis, cytomegalovirus infection, hepa-
titis B and C and HIV infection. Bacterial infections 
were excluded by assessing procalcitonin, which 
was in normal range and by performing blood and 
body fluids cultures that remained sterile. 

The study was approved by the Research Eth-
ics Commission of the "Victor Babeș" Univer-
sity of Medicine and Pharmacy, Timișoara (Nr. 
42/20.12.2018).

Venous blood (10 mL) was sampled in K2EDTA 
tubes (BD Vacutainer® Plymouth) by a single ve-
nipuncture after obtaining the written informed 
consent from the parents and immediately trans-
ferred to the laboratory for analysis. Platelet isola-
tion was performed according to a previously es-
tablished protocol.14 In brief, platelet rich plasma 
was obtained after a first centrifugation of periph-
eral blood at 500 g at room temperature and was 
subjected to a second centrifugation at 4,600 g at 
room temperature. The platelet pellet was resus-
pended in own plasma and the number of platelets 
necessary for high-resolution respirometry stud-
ies was counted using a classic haematology anal-
yser. Respiration of isolated platelets was assessed 
at 370C using the Oxygraph-2k (Oroboros Instru-
ments, Innsbruck, Austria) by means of high-res-
olution respirometry (HRR). In order to perform 
HRR studies, 50 million platelets/ml (100 million 
platelets/2 ml oxygraph chamber) were suspend-
ed in the MIR05 buffer (D-Sucrose 110 mM, tau-
rine 20 mM, EGTA 0.5 mM, HEPES 20 mM, MgCl2 3 
mM, Lactobionic Acid 60 mM, KH2PO4 10 mM, BSA 
1 g/L, pH 7.1 adjusted with KOH 5 M). 

Table 1: Immunophenotype and molecular characteristics at 
ALL onset

Bone marrow aspirate – 
immunophenotype

Cytogenetic tests TEL-AML1 (ETV6/RUNX1) fusion gene

45% Blasts with the following 
phenotype:
CD45var+CD19+cyCD79a+CD10+C-
D34var+CD20+/-CD58+/-,CD-
38dim+/-CD22+CD24+nulTdT+C-
D13+CD15+CD65+;
Markers not expressed on blast cell 
surface:
cyCD3, cyMPO, CD7, smCD+, CD66, 
smIgKappa, CyIgM, CD117, smIgM, 
smIgLambda, CD9,NG2,CD123,C-
D81,CD21.
Conclusion: Immunophenotype 
compatible with a B cell precursor ALL 
(common B ALL)

Diacetoxymethyl succinate (NV118) is a novel mi-
tochondria-targeted compound, which has been 
reported to alleviate mitochondrial dysfunction 
induced by various drugs, such as paracetamol, 
statins and amiodarone.10-12

The present study was aimed at investigating 
whether NV118, a cell-permeable succinate prod-
rug, is capable to improve platelet mitochondrial 
respiration in platelets isolated from a paediatric 
patient with ALL remission.

Due to the increased probability of an acute leu-
kaemia diagnosis, the patient underwent a bone 
marrow aspiration procedure. After bone marrow 
immunophenotyping through flow cytometry, 
the diagnosis of acute lymphoblastic leukaemia 
was confirmed. Furthermore, in accordance with 
the International BMF–Berlin-Frankfurt-Münster 
Study Group protocol (ALL IC BFM 2009), cere-
bral-spinal fluid analysis was performed, which 
excluded central nervous system leukaemia.13 Cy-
togenetic testing was also performed and revealed 
the presence of the TEL-AML1 (ETV6/RUNX1) 
fusion gene (Table 1). This patient was included 
in the medium risk group according to the inter-
national protocol risk stratification13 and treated 
accordingly. In November 2021, ALL remission 
was confirmed by minimal residual disease as-
sessment with flow cytometry.

Lelcu et al. Scr Med 2022 Mar;53(1):89-94.90
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This is a case of a paediatric patient diagnosed in 
2019 with TEL-AML1 positive, medium risk ALL, 
treated according to the standardised chemo-
therapy protocol (ALL IC BFM 2009, Internation-
al BMF–Berlin-Frankfurt-Münster Study Group) 
and who achieved remission in 2021.13

While mitochondrial dysfunction has been re-
ported as a central pathomechanism in various 
diseases, literature regarding platelet mitochon-
drial dysfunction in hematologic malignancies 
is scarce. In a pioneering study, Baaten et al re-
ported the occurrence of platelet mitochondrial 
dysfunction in 77 adult patients diagnosed with 
various haematologic malignancies (37 patients 
with either ALL or AML, 21 patients with mul-
tiple myeloma,15 patients with lymphoma and 4 
patients with other types of haematologic malig-
nancies) and chemotherapy-induced thrombocy-
topenia.9 Mitochondrial respiration was assessed 
by means of high-resolution respirometry and 
revealed a significant decrease in the maximal 
active respiration after chemotherapy initiation. 
Whether mitochondrial respiration was al-
tered in these patients due to chemotherapy 
or the malignant disease itself is a matter of 
debate; however, a combination of the two 
factors is most probable.16

The presence of platelet mitochondrial dysfunc-
tion at the onset (ie, before treatment initiation) 
of paediatric ALL has been previously reported. 
Accordingly, in paediatric patients aged 10-11, 

Platelet oxygen consumption was allowed to sta-
bilise until a steady state (ROUTINE respiration) 
was reached. Afterwards, intact platelets were 
subsequently exposed to either cell-permeable 
succinate (NV118, 500 µM) or its solvent, dimeth-
yl sulphoxide (DMSO). The non-phosphorylating 
respiration (or LEAK in HRR) was first assessed 
by adding oligomycin (1µg/mL), an ATP synthase 
inhibitor. Subsequently, the maximal non-coupled 
respiration or the convergent respiratory capaci-
ty of the electron transport system (ETS in HRR) 
was determined after consecutive titrations of 
FCCP, a classical uncoupler. Further, rotenone, a 
Complex I inhibitor (2 μM), was added to assess 
the ETS capacity supported only by Complex II 
(ETSCII in HRR). Finally, mitochondrial respira-
tion was inhibited by the addition antimycin A (1 
μg/mL), a complex III inhibitor, allowing for the 
measurement of residual oxygen consumption 
(ROX). All values of the respiratory parameters 
were corrected for ROX. Last but not least, R-L net 
routine capacity (R-L) was calculated as the dif-
ference between ROUTINE respiration and LEAK 
respiration in order to assess respiratory capac-
ity available for phosphorylation of ADP to ATP, 
according to refs.10, 15

An overlay of the HRR tracings in the presence of 
DMSO (dark blue) vs NV118 (light blue) is depict-
ed in Figure 1.

Figure 1: Overlay of a HRR tracings in the absence (dark blue) 
and presence (light blue) of NV118.

Table 2: Mitochondrial respiratory rates in the presence of 
DMSO (solvent) and NV118 in platelets harvested from a pedi-
atric patient with ALL in remission.

Routine: basal respiration; LEAK: non-phosphorylating respiration; ETS capac-
ity: maximal uncoupled respiration of complex I and II; ETSII: maximal uncou-
pled respiration driven only by complex II; 

Respiratory Parameters ALL + DMSO ALL + NV118

Routine respiration
LEAK respiration
ETS capacity
ETSII capacity
R-L net routine capacity (R-L)

7.52
1.74

10.02
1.91
5.79

13.24
3.41

28.86
6.52
9.83

Discussion

It is reported here that the cell permeable succi-
nate improved mitochondrial respiration in iso-
lated platelets during ALL remission. As showed 
in Table 1, NV118 increased routine respiration 
by 76 % and LEAK respiration by 96 %, as com-
pared with the control (DMSO). The most signifi-
cant increase elicited by NV118 was found for the 
maximal non-coupled respiration capacity ETS 
(187 %) and more important, for ETSII (242 %), 
since succinate is a Complex II substrate. Besides, 
the R-L net routine capacity noted an increase of 
69,9 %, thus demonstrating that the respiratory 
capacity available for phosphorylation of ADP to 
ATP is high in this patient.
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newly diagnosed with ALL, a significant decrease 
in ROUTINE and LEAK respiration as well as in 
ETS and ETSII capacities was found. Unexpected-
ly, a significant increase in complex I-supported 
active respiration was found, which might be a 
compensatory phenomenon.14

An increasing number of pharmacological strat-
egies aimed at supporting/restoring mitochon-
drial function have emerged in the past decades 
- comprehensively reviewed in ref.17 - and sever-
al agents have already entered clinical trials.18 
Oxidative phosphorylation and mitochondrial 
metabolism have recently emerged as potential 
therapeutic targets in cancer, including the hae-
matological malignancies.19, 20

The past decades witnessed an increasing inter-
est in characterising novel compounds that may 
alleviate mitochondrial dysfunction induced 
by disease or various drugs.10-12, 21-26 In the line, 
NV118 is a novel permeable succinate prodrug, 
which has been reported to support mitochon-
drial respiration in various cellular models of 
complex I inhibition determined by rotenone, a 
classic complex I inhibitor, intoxication or poison-
ing with carbon monoxide, carbamate, cyanide or 
drug toxicity (statins, metformin, amiodarone). 
10, 12, 21-25, 27 Since certain anticancer drugs cause 
formation of reactive oxygen species by impair-
ing complex II of the ETS,28 it might be speculat-
ed that supporting complex II function during 
chemotherapy (using a cell-permeable succinate 
would be of some benefit in reducing oxidative 
stress, a hypothesis that needs to be investigated. 

Since chemotherapy-related impairment of mi-
tochondrial function has been systematically re-
ported in malignant cells16 ,most probably, it also 
occurs in the healthy ones yet with long-lasting 
effects. Therefore, protecting healthy cells is an 
essential part of cancer therapeutics.29 Whether 
cell-permeable succinates are able to improve 
mitochondrial respiration in patients after che-
motherapy has not been investigated so far. In 
the present study, NV118 increased all examined 
parameters of mitochondrial respiration in plate-
lets sampled from a paediatric patient with ALL 
in remission. While it is true that the increase 
in respiration might be inefficient due to an im-
portant increase (by 96 %) in LEAK respiration, 
ie, nonATP-generating respiration, this might not 
necessarily be a downside.15 Last but not least, 
there is evidence in the literature that high ATP 
levels might cause cancer drug resistance and it 

has been suggested that downregulating the ATP 
synthesis might be a solution to drug resistant 
cancers.30
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Conclusion

In conclusion, a novel succinate prodrug, 
NV118, improved mitochondrial respiration 
in platelets isolated from a paediatric patient 
with ALL in remission. Whether this effect will 
be correlated with an improvement in the che-
motherapy response and/or survival, remains 
to be assessed.
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