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ABSTRACT

The paper presents nutritive value of broiler meat and table eggs, 
as these animal products are used for human nutrition on a daily 
basis. In the Republic of Croatia, average consumption of poultry 
meat amounts to 18.3 kg and to 160 eggs per capita.The most qua-
lity parts of broiler carcass are breasts and drumsticks with thighs. 
Breast muscles contain 21-23% protein, 1.90-1.97% fat, 75.28-
76.01% water and 0.74-0.77% collagen. Thigh muscles contain 
4.70-6.05% fat, 19.03-19.93% protein and 0.91-1.13% collagen. 
White meat contains more potassium and magnesium and less 
zinc and iron than dark meat. In 100 g of edible egg part there is 
12.5-13.5 g protein, 10.7-11.6 g fat and 1.0-1.1 g minerals. Caloric 
valueof eggs is 167 Kcal. Eggs contain high amount of essential 
amino acids, especially leucine, isoleucine, lysine, arginine, vali-
ne and phenylalanine. Furthermore, eggs contain many vitamins, 
especially A, D, E, K and B-complex, as well as various macro-
elements and microelements. Eggs and meat enriched with one 
or more functional ingredients – nutricines (polyunsaturated fatty 
acids n-3), eicosapentaenoic acid, docosahexaenoic acid, selenium 
and lutein) meet the criteria of functional food because of their 
added value and benefits for human health.

Key words: eggs, meat, EPA, DHA, cardiovascular disease
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INTRODUCTION

Poultry production in the Republic of Croatia is 
characterized as industrial production that takes 
place throughout the year,mostly in an intensive 
way. Poultry meat and eggs are animal products 
that are important in human nutrition (1). The con-
tent of nutrients in broiler meat depends on diffe-
rent factors such as genotype (hybrid), age, feeding, 
keeping, carcass parts, and type of meat (2). Breast 
meat (white meat) is richer in protein, but poorer 
in fat than meat of drumsticks and thighs (darkme-
at). There is a difference in nutritive value between 
these two types of meat that occurs because of its 
composition and chemical content (3). In Croatia, 
consumption of poultry meat amounts to 18.3 kg 
and to 160 eggs per capita (4). In the EU, there are 
countries with different data on consumption of po-
ultry products. In 2014 poultry meat was most con-
sumed in Portugal (39.4 kg/capita), then in Spain 
(31 kg/capita), and least consumed in Sweden (13 
kg/capita) and Finland (18.1 kg/capita). On avera-
ge, annual consumption of poultry meat in the EU 
amounts to 26 kg per capita (5). Average consump-
tion of eggs in the EU refers to 200 pieces per capi-
ta, ranging from 210 pcs per capita in Italy, and 188 
pcs per capita in the Netherlands (5).

NUTRITIVE QUALITY OF POULTRY MEAT

Hybrids with high genetic potential are used in 
production of chicken meat (6). Nutritive valueof 
broiler meat is assessed as of carcass conforma-

tion (muscle presence), as well as of the content 
of nutrients, especially protein and its biological 
value. For no reasons, less attention is paid to the 
content of other nutrients such as fat, minerals 
and vitamins (2). Table 1 presents the quality of 
carcass (relativeshare of breast and drumsticks 
with thighs) of the Cobb 500 and Hubbard Cla-
ssic hybrid broilers, according to broiler sex at the 
age of 42 days in Croatia (7). It was determined 
that broiler hybrid and sex had significant effect 
on carcass quality. Identical results were obtained 
by Rondeli et al. (8) as well as Nokolova et al. (9). 
Table 2 presents results of a research on chemi-
cal composition of meat of 42-day-old broilers 
in Croatia (7). Cobb 500 male broilers contain 
less water (p<0.001) and more protein (p=0.021) 
in breast meat, and more water and less co-
llagen in thigh meat (p<0.001). Difference in 
the protein contained in breast meat and thigh 
meat speak more in favor of Cobb 500 broi-
lers than of Hubbard Classic broilers. Kralik et 
al. (10) studied the content of nutrients in dark 
meat of the Ross 308 broilers. They found out 
that male broilers had higher values of protein 
and collagen (19.65% and 0.93%, respectively) 
than females (19.24% and 0.84%, respectively), 
while the content of water (74.48%:73.20%) and 
fat (6.44%:6.34%) was higher in females, howe-
ver without statistically significant differences 
(p>0.05). Intarapichet and Maikhunthod (11)
stated that dark meat of male broilers contained 

Carcass part (%)
Cobb 500 Hubbard Classic

SM
p

Males (63) Females (44) Males (51) Females (49) Hybrid Sex Interaction
Breast 35.91* 38.33* 33.03* 34.33* 0.23 <0.001 <0.001 0.132
Drumsticks with thighs 30.47* 28.76* 32.06a 30.84* 0.14 <0.001 <0.001 0.277
Back 22.21* 21.82* 23.09* 23.09* 0.11 <0.001 0.346 0.339
Wings 11.40* 11.09* 11.82* 11.74* 0.06 <0.001 0.112 0.346

Table 1. Influence of hybrid and sex on shares of the main parts in carcass (7)

*<0.05; SM, standard error of treatment;

Characteristic (%)
Cobb 500 Hubbard Classic

SM
p 

Male (29) Female (16) Male (19) Female (28) Hybrid Sex Interaction
Breast meat
Fat 1.95 1.90 1.98 1.97 0.03 0.360 0.601 0.709
Water 75.53* 75.28* 76.01* 75.72* 0.07 <0.001 0.047 0.881
Protein 23.37* 23.93* 23.29* 23.48* 0.06 0.021 0.002 0.118
Collagen 0.74 0.75 0.77 0.77 0.01 0.403 0.934 0.724
Thigh meat
Fat 4.70* 4.30* 6.05* 5.63* 0.12 <0.001 0.045 0.959
Water 76.27* 76.32* 75.28* 75.73* 0.09 <0.001 0.170 0.275
Protein 19.61* 19.93* 19.03* 19.31* 0.08 <0.001 0.062 0.897
Collagen 0.98* 1.00* 1.13* 1.13* 0.02 <0.001 0.785 0.747

Table 2. Influence of hybrid and sex on the chemical composition of breast and thigh meat (7)  

*<0.05; SM, standard error of treatment
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19.98% protein and 77.58% water, while female 
broilers had 19.67% protein and 75.59% water. 
In the white meat lipids, there are 48% of phos-
pholipids. The increase of lipids share in tissue 
affects the lowering of phospholipids share and 
an increase of neutral lipids, mainly triglycerides. 
Fraction of phospholipids contains higher concen-
tration of long-chain polyunsaturated fatty acids 
(20 and more C atoms), which indicates the fact 
that phospholipids are more susceptible to oxidati-
on and quality jeopardy than neutral lipids. Chole-
sterol contained in broiler breast muscle amounts 
to 43.4-61.7 mg/100 g. In thigh muscle, its level 
ranges between 84.6 and 87.7 mg/100 g (3).
Results of research into macro elements of po-
tassium, sodium and magnesium, as well as into 
microelements of zinc, manganese and iron, pro-
ved that there were differences between white 
and dark meat. Kralik et al. (12) determined that 
white meat contained more potassium and ma-
gnesium, and less zinc and iron than dark meat. 
According to the nutrition facts of Kulier (13), 
100 g of broiler meat contains the following ma-
cro and microelements: potassium 230 mg, ma-
gnesium 25 mg, iron 89 mg, zinc 1.54 mg, copper 
0.04 mg and manganese 0.01 mg.

NUTRITIVE QUALITY OF TABLE EGGS

Under the term eggs, we understand chicken 
eggs that can be hatching eggs (for reproduction 
– heavy lines) or table eggs (for consumption 
and processing). Eggs have high nutritional va-
lue because they contain almost all ingredients 
that are needed by a human organism. Accor-
ding to Souci et al. (14), 100 g of edible chicken 
egg contains 72.5-75 g water, 12.5-13.3 g prote-
in, 10.7-11.6 g fat, 0.7 g carbohydrates and 1.0-
1.1 g mineral substances. Human organism uses 
nutrients from eggs in a high percentage. Prote-
ins are used up to 97%, fats 95%, carbohydrates 
98%, and minerals 76% (14). Egg is also rich 
in reserve nutrients, which allows an embryo to 
develop from its mother (14). There is a high 
content of essential amino acids in eggs, especi-
ally  leucine, isoleucine, lysine, arginine, valine 
and phenylalanine. Eggs contain also enough 
vitamins, especially vitamins A, D, E, K and the 
B-complex, as well as various macro elements 
and microelements. Table 3 overviews the main 
ingredients in edible egg (14).

Egg weight depends on the poultry type, laying 
cycle, hens’ age, sexual maturity, seasons (tem-
perature, light), feeding and many other factors. 
Different sorts, breeds and hybrids of poultry pro-
duce eggs of characteristic weights. Older hens lay 
on average heavier eggs. At the beginning of lying, 
hens produce smaller eggs, but after 2-3 weeks, 
their eggs are of average characteristic weight (2). 
A visible change that occurs in eggs during storage 
time refers to a change of the air chamber. In hens 
body, egg is at a temperature of 40-41oC. After 
lying, eggs are kept at a temperature that is lower 
than hen’s body temperature and, therefore, the 
egg content shrinks. Since egg shell is a firm for-
mation, and an egg cannot change its shape, there 
is an air chamber created between a membrane be-
neath the shell and a membrane that surrounds al-
bumen. That air chamber increases proportional to 
the length of egg storage. Researches proved that 
storage conditions, as well as egg shell protection 
by appropriate coatings affect the size of the air 
chamber (2). Over 60 days, eggs with coated shell 
lost 0.45% of their weight, and uncoated eggs lost 
6.5% of their initial weight. Over that period, the 
size of air chamber in coated eggs increased from 
2.5 mm to 3.0 mm and in uncoated eggs to 7.2 
mm. The loss of egg weight is greater if eggs are 
stored at higher temperature (15).

Ingredients Share Ingredients Share
Water 72.5 - 75.0 g Minerals and microelements
Protein 12.5 - 13.5 g Sodium 122 - 156 mg
Fat 10.7 - 11.6 g Potassium 128 - 155 mg
Carbohydrates 0.7 g Magnesium 11 - 13 mg
Mineral substances 1.0 - 1.1 g Manganese 0 - 0.05 mg
Vitamins Calcium 54 - 60 mg
Vitamin A 122 - 156 mg Iron 1.5 - 2.7 mg
Carotene 128 - 155 mg Copper 0.05 - 0.23 mg
Vitamin D 11 - 13 mg Zinc 0.8 - 2.0 mg
Vitamin E 0 - 0.05 mg Phosphorus 206 - 225 mg
Vitamin K 54 - 60 mg Fluorine 0.01 - 0.12 mg
Vitamin B1 1.5 - 2.7 mg Chlorine 170 - 180 mg
Vitamin B2 0.05 - 0.23 mg Iodine 1 - 40 mg
Nicotinamide 0.05 - 0.10 mg Amino acids
Pantothenic acid 1.1 - 1.8 mg Isoleucine 0.66 - 1.08 g
Vitamin B6 0.09 - 0.18 mg Leucine 1.01 - 1.25 g
Biotin 0.1 mg Valine 0.85 - 1.13 g
Folic acid 4.1 - 5.0 mcg Methionine 0.18 - 0.59 g
Vitamin B12 0.84 - 3.13 mcg Cysteine 0.17 - 0.38 g
Other ingredients Phenylalanine 0.58 - 1.03 g
Oleic acid 5.0 g Tyrosine 0.34 - 0.76 g
Linoleic acid 2.03 g Threonine 0.49 - 0.94 g
Linolenic acid 0.31 g Tryptophan 0.15 - 0.27 g
Cholesterol 0.47 g Lysine 0.65 - 1.01 g
Caloric value 167 kcal Histidine 0.18 - 0.59 g

Arginine 0.72 - 1.25 g

Table 3. Main ingredients in 100 g of edible egg (14)
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Quality of eggs is a complex issue, which is 
mostly determined byanalysis of physical and 
chemical properties of eggs. In literature, there is 
a common division into external and internal qu-
ality of eggs (16). Indicators of the external egg 
quality include egg weight, shape index, shell fir-
mness, as well as shell thickness. An analysis of 
internal egg quality comprises more indicators, 
such as index of yolk and albumen, pH value 
of yolk and albumen, Haugh units (HU), value 
number (VN), egg aging (EA), basic chemical 
ingredients, etc. (16).

ENRICHMENT OF POULTRY PRODUCTS WITH 
NUTRICINES

Eggs and meat enriched with polyunsaturated 
fatty acids, conjugated linoleic acid, vitamin E, 
carotenoids and other nutrients are classified as 
designed products. Designed eggs and meat that 
differ in their nutritive composition from stan-
dard table eggs and meat available on the market 
can be produced by laying hens and broilers as 
bioreactors. Eggs and meat enriched with one or 
more nutrients contribute to increased daily inta-
ke of those nutrients, thus assuring positive influ-
ence on human health and meeting the criteria for 
labelling as functional food (17).
Kralik et al. (18) investigated the effects that 
laying hens' diets supplemented with selenium had 
on the increase of Se concentration in eggs and on 
the preservation of egg freshness. A 4-week expe-
riment was carried out on 360 laying hens of the 
Hy Line Brown hybrid. Laying hens were divided 
into three groups (C, E1 and E2) with 120 hens in 
each group and kept in 24 cages. Hens were fed 
with layer diets containing 18% of crude protein 
and 11.60 MJ ME (metabolic energy/kg). Hens 
in the control group C were fed with diets that 
contained 0.2 mg/kg of inorganic selenium (so-
dium selenite). Experimental groups E1 and E2 
were given diets with increased concentrations of 
selenium as follows: E1=0.4 mg/kg of selenium 
(sodium selenite), E2=0.4 mg/kg of organic sele-
nium (Sel-Plex). Selenium concentration in diets 
affected significantly the content of selenium in al-
bumen (p<0.001) and yolk (p<0.05). The highest 
concentration of selenium was determined in albu-
men and yolk of eggs produced in group E2 (345 
ng/g and 783 ng/g, respectively), then in eggs of 
group E1 (230 ng/g and 757 ng/g, respectively), 

and group C had the lowest concentration of sele-
nium in albumen and yolk (181 ng/g and 573 ng/g, 
respectively). After 28 days of storage at 4 °C, the 
eggs containing organic selenium had more fresh-
ness (VN [Value number]: C [control] = 32.9; E1 
= 2.60; E2 = 2.11). It was concluded that higher 
concentration of organic selenium in eggs was a 
limiting factor in metabolic processes, which posi-
tively affected the indicators of egg freshness.
Škrtić et al. (19) studied the influence of vari-
ous oils on the profile of fatty acids in egg yolks. 
Laying hens in the control group were fed diets 
with 6% sunflower oil, and laying hens in the ex-
perimental group were given diets supplemented 
with combination of rapeseed oil (4%) and fish 
oil (2%). It was determined that yolk lipids of the 
experimental group contained statistically signifi-
cantly less (p<0.001) unfavorable saturated fatty 
acids than the control. Furthermore, experimental 
group had significantly higher (p<0.001) content 
of monounsaturated fatty acids (MUFA), as well 
as n-3 polyunsaturated fatty acids (PUFA) in yolk 
lipids than the control. In addition, more favorable 
ratio of n-6/n-3 PUFA (p<0.001) was determined 
in yolks of the experimental group (Table 4).

% of total fatty acids

Fatty acids Control
group

Experimental 
group P

Σ SFA
Σ MUFA
Σ n-6 PUFA
Σ n-3 PUFA

35.42
40.43
23.80
0.38

31.56
47.73
17.40
  3.20

<0.001 
<0.001
<0.001
<0.001

Σ n-6 PUFA/Σ n-3 PUFA 62.63   5.44 <0.001

Table 4. Content of fatty acids in egg yolk (19)

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; 
PUFA, polyunsaturated fatty acids; 

Kralik (20) investigated the influence of various 
oils supplemented to laying hens feed on the con-
tent of n-3 PUFA and tiobarbituric acid reactive 
substances (TBARS)values in egg yolks. Laying 
hens were divided into three groups. The control 
group K had diets supplemented with 5% soybean 
oil, the experimental group P1 had diets with 3.5% 
fish oil and 1.5% rapeseed oil, and the experimen-
tal group P2 was fed with diets with 1.5% fish oil 
and 3.5% rapeseed oil. Diets were balanced at 
17% crude protein and 11.60 MJ/kg ME. Rese-
arch results proved that the content of alpha-lino-
lenic acid (αLNA), eicostapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA) was the most 
favorable in egg yolks of the group P1, then in the 
group P2and lastly in the group K. 
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Halle (21) defined important chemical ingredi-
ents of eggs that were more or less changing  de-
pending on the feed composition (Table 5).

Minor and modest changes Significant changes
Protein
Carbohydrates
Fat
Minerals
Free amino acids
Amino acids of egg protein

Fatty acids
Microelements
Fat soluble vitamins
Water soluble vitamins

Table 5. Influence of feed on the changes in the content of 
nutricines in eggs (21)

It was determined that fatty acids in egg yolks 
changed significantly if influenced by the content 
of fat in feed (22). Linoleic acid, α-linolenicacid 
and arachidonic acid are essential fatty acids for 
poultry. For the time being, great importance is 
given to eicosapentaenoic acid and docosahexae-
noic acid, which are essential for humans (23). 
According to Singer (24), a human organism 
requires daily 290 - 390 mg αLNA and 100 - 200 
mg EPAand DHA.
An issue related to the consumption of eggs and 
their negative „image“ is raised because of the si-
gnificant content of cholesterol. Strong propagan-
da on negative effects of cholesterol related to the 
occurrence of cardiovascular diseases led to decre-
ased consumption of eggs (from 1975 to 1997 the 
decrease in USA amounts to 54%) (25). Such an 
opinion has changed because recent research pro-
ved that cholesterol from food is not the only cau-
se of highblood cholesterol (26). Daily consump-
tion of 1-2 eggs did not have any influence on the 
blood cholesterol level (26). Unfavourable ratio 
of n-6/n-3 PUFA, saturated fatty acids, as well as 
trans fatty acids are considered as responsible for 
increased blood cholesterol (26). Polyunsaturated 
fatty acids of the n-3 group improve the ratio of 
HDL and LDL cholesterol; they lower the level of 
total fats in blood and slow the formation of athe-
rosclerotic plaques in blood vessel walls (26).
In an attempt to improve the nutritional value of 
broilers’ meat by enhancing its unsaturated fatty 
acid (FA) proportion, plant oils were added to the 
diet from 22 to 42 days of age in concentration of 

50 g/kg and four experimental groups were defi-
ned (sunflower – SFO, soybean – SBO, rapeseed 
– RSO and linseed – LNO), Kralik et al. (27). 
The greatest increase of n-3 PUFAs was found 
in LNO compared to other groups (P<0.05), as 
well as the lowest n-6/n-3 ratio (p<0.05). They 
concluded that the meat of broilers fed with lin-
seed oil achieved the best muscle tissue FA profi-
le favorable for human diet, but at the same time 
the highest proportion of lipid and protein oxi-
dation products, particularly in thigh meat (TM). 
Moreover, our results indicate that the bioche-
mical mechanism of tissue damage by increased 
meat PUFA proportion is different for white and 
dark meat. It also seems possible that in the same 
muscle tissue oxidation of lipids and proteins ta-
kes place independently.
Producers of functional food have to use strong 
marketing tools to inform consumers about all 
advantages of functional products over standard, 
conventional products. Diplocket al. (28) pointed 
out that food could be characterized as functional 
if it had satisfactory beneficial effects on one or 
more target functions in human organism.
In conclusion, poultry products – meat and eggs 
are significant in human nutrition. They have 
high nutritive value, contain significant proteins, 
vitamins, as well as macro and microelements. 
They are also suitable for the enrichment with 
functional ingredients - nutricines. Within that 
procedure, poultry meat and eggs, in addition to 
their nutritive value, exhibit added value and can 
be therefore considered as functional products.

FUNDING

This paper is a part of the research "Research, 
Production and Medical Testing of Functional 
Food" within "The Scientific Centre of Excellen-
ce for Personalized Health Care" financed by the 
Ministry of Science, Education and Sports of the 
Republic of Croatia.

TRANSPARENY DECLARATION

Competing interest: none to declare.



Medicinski Glasnik, Volume 14, Number 1, February 2017

6

REFERENCES

1. Gao YC, Charter EA. Nutritionally important fatty 
acids in hen yolks from different sources. Poultry Sci 
2000; 79:921-24.

2. Kralik G. Peradarski proizvodi (Poultry products). 
In: Kralik G, Has-Schön E, Kralik D, Šperanda M. 
(Eds). Peradarstvo – biološki izootehnički principi 
(Poultry science – biological and zootechnical prin-
ciples). Osijek, Croatia: Grafika d.o.o. 2008, 27-90. 

3. Janječić Z. Prehrambena vrijednost i sastav mesa i 
masti peradi (Nutritional value and composition of 
poultry meat and fat). Meso 2005; VII:11-3.

4. Croatian Bureau of Statistics. Statistical Yearbook of 
the Republic of Croatia 2015.Zagreb, Croatia: Croa-
tian Bureau of Statistics, 2015.

5. Kralik I. Production of poultry meat and eggs in 
The Republic of Croatia and in the European Union. 
Ekonomski vjesnik 2016; (in press).

6. Kralik G.  Peradarska proizvodnja (Poultry produc-
tion). In: Kralik G, Adámek Z, Baban M, Bogut I, 
Gantner V, Ivanković S, Katavić I, Kralik D, Kralik 
I, Margeta V, Pavličević J.  (Eds). Zootehnika (Zoo-
technics), Grafika d.o.o. Osijek 2011; 243-438. 

7. Kralik G, Škrtić Z, Kralik Z, Grčević M. Carcass and 
meat quality of Cobb 500 and Hubbard Classic broi-
ler chickens. Krmiva 2011; 53:179-86.

8. Rondelli S, Martinez O, Garcia PT.  Sex effect on 
productive parameters, carcass and body fat com-
position of two commercial broilers lines. Rev Bras 
CiencAvic 2003; 5:169-73.

9. Nikolova N, Pavlovski Z, Milošević N, Perić L. 
Carcass quality of Cobb 500 and Hubbard Classic 
broiler chickens in diet with lower and higher level 
of proteins and energy in the feed mixture. Krmiva 
2008; 50:79-88.

10. Kralik G, Medić H, Marušić N, Gajčević-Kralik Z, 
Kičeec Z.Content of nutrients and nutricines – car-
nosine in dark chicken meat. Poljoprivreda/Agricul-
ture/ 2010; 16:62-6.

11. Intarapichet KO, Maikhunthod B. Genotype and 
gender differences in carnosine extracts and antioxi-
dant activities of chicken breast and thigh meats. 
Meat Sci 2005; 71:634-42.

12. Kralik G, Škrtić Z, Galonja M, Ivanković S. Chicken 
meat in human nutrition for health.Poljoprivreda/
Agriculture/2001; 7:32-6.

13. Kulier I. Prehrambene tablice (Nutritive tables). Za-
greb, Croatia: Diona Poslovna zajednica za dijetet-
sku i biološku vrijednu hranu, 1990. 

14. Souci SW, Fachmann W, Kraut H. Die Zusammen-
setzung der Lebensmittel: Naehrwert-Tabellen 
(sachbearbeiter H. Bosch).Stuttgart, Germany: 
Wissenschaftliche Verlagsgesellschaft,1973.

15. Tharrington JB, Curtis PA, Jones PA, Anderson KE. 
Comparison of physical quality and composition 
of eggs from historic strains of single comb White 
Leghorn chickens. Poultry Sci 1999; 78:591-4.

16. Kralik Z, Kralik G, Grčević M, Galović D. Effect 
of storage period on the quality of table eggs. Acta 
Agraria Kaposvariensis 2014; 18:200-6.

17. Surai PF, Sparks NHC. Designer eggs: from impro-
vement of egg composition to functional food. Tren-
ds Food Sci Tech 2001; 12:7-16.

18. Kralik G, Gajčević Z, Suchý P, Straková E, Hanžek 
D. Effect of dietary selenium source and storage on 
internal quality of eggs. Acta Vet Brno 2009; 78: 
219-22.

19. Škrtić Z, Kralik G, Gajčević Z, Bogut I, Hanžek D. 
The increase of the n-3 PUFA content in eggs. Poljo-
privreda/Agriculture 2007; 13:47-52.

20. Kralik G.  Omega pilići (Omega chickens). Techno-
logical project (TP-03/0079-01), Završno izvješće 
(Final report) 2007, 1-137.

21. Halle I. Influence of feed on egg quality. From qua-
lity feed to quality food. In: Proceedings of the 9th 
International Symposium on Animal Nutrition, Ka-
posvar, Hungary, 18th October 2000; 51-63.

22. Dias CB, Wood LG, Garg ML. Effects of dietary 
saturated and n-6 polyunsaturated fatty acids on 
the incorporation of long-chain n-3 polyunsaturated 
fatty acids into blood lipids. Eur J ClinNutr 2016; 
70:812-18.

23. Shang XG, Wang FL, Li DF, Yin JD. Effects of di-
etary conjugated linolenic acid on the productivity 
of laying hens and egg quality during refrigerated 
storage. Poultry Sci 2004; 83:1688-95.

24. Singer P.  Sind Omega-3 Fettsäuren essentielle 
Fattsäern? Was sind, wiewirken Omega-3 Fettsäu-
ern. Frankfurt am Mein, Germany: Umschan, Leu-
tschriftenverlag, 1994.

25. Simopoulos AP. Human requirement for n-3 polyun-
saturated fatty acids.Poultry Sci 2000; 79:961-70.

26. Nakamura Y, Okamura T, Tamaki S, Kadowaki T, 
Hayakawa T, Kita Y, Okayama A, Ueshima H. Egg 
consumption, serum cholesterol, and cause-specific 
and all-cause mortality: The National Integrated 
Project for Prospective Observation of Non-commu-
nicable Disease and Its Trends in the Aged, 1980 
(NIPPON DATA80). Am J ClinNutr 2004; 80:58-63.

27. Kralik G, Pavić V, Galović D, Škrtić Z, Kralik Z, 
Has-Schön E. Fatty acid composition and lipid and 
protein oxidation products in muscles of broilers fed 
with different plant oils. Arch Geflugelkund 2012; 
76:259-69.

28. Diplock AT, Aggett PJ, Ashwell M, Bornet F, Fern 
EB, Robertfroid MB. Scientific concepts of functi-
onal foods in Europe: consensus document. Brit J 
Nutr 1999; 81(Suppl 1): S1-S27.



7

Kralik et al. Poultry products and human health

Peradarski proizvodi obogaćeni s nutricinima pogoduju ljudskom 
zdravlju 
Gordana Kralik, Zlata Kralik
Zavod za specijalnu zootehniku, Poljoprivredni fakultet u Osijeku, Osijek, Hrvatska

SAŽETAK

U radu se prikazuje nutritivna vrijednost mesa tovnih pilića i konzumnih jaja s obzirom da se ovi 
animalni proizvodi svakodnevno upotrebljavaju u prehrani ljudi. U Republici Hrvatskoj prosječno se 
troši po stanovniku 18,3 kg mesa peradi i 160 komada jaja. Najkvalitetniji dijelovi trupa pilića su prsa 
te bataci sa zabatacima. Prsni mišići sadrže 21% do 23% proteina, 1,90% do 1,97% masti, 75,28% do 
76,01% vode i 0,74% do 0,77% kolagena. Mišići zabataka sadrže 4,70% do 6,05% masti, 19,03% do 
19,93% proteina i 0,91% do 1,13% kolagena. Bijelo meso sadrži više kalija i magnezija, a manje cinka 
i željeza od tamnog mesa.U 100 g jestivog dijela jajeta sadržano je 12,5 g do 13,5 g proteina, 10,7 g do 
11,6 g masti te 1 g do 1,1 g mineralnih tvari. Kalorijska vrijednost jaja je 167 Kcal. Sadržaj esencijalnih 
aminokiselina u jajetu je vrlo velik, osobito leucina, izoleucina, lizina, arginina, valina te fenilalanina. 
Jaje sadrži i dosta vitamina, posebno vitamina A, D, E, K i B-kompleksa, kao i različite makroelemente 
i mikroelemente.Jaja i meso, obogaćeni s jednim ili više funkcionalnih sastojaka – nutricina (polineza-
sićenih masnih kiselina n-3), eikozapentaenskom, dokozaheksaenskom, selenom i luteinom), udovo-
ljavaju kriterijima za naziv funkcionalne hrane jer posjeduju dodanu vrijednost i povoljno djeluju na 
ljudsko zdravlje.

Ključne riječi: jaja,meso, EPA, DHA, kardiovaskularne bolesti
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ABSTRACT

Reported cochlear potential values of near 150 mV are often attri-
buted to endolymph itself, although membrane potentials result 
from ion fluxes across the adjacent semipermeable membranes 
due to concentration gradients. Since any two fluids separated by a 
semipermeable membrane develop potential due to differences in 
solute concentrations, a proposed interpretation here is that posi-
tive potential emanates from the Reissner membrane due to small 
influx of sodium from perilymph to endolymph. Basolateral hair 
cell membranes leak potassium into the interstitial fluid and this 
negative potential inside hair cells further augments the electric 
gradient of cochlear potential. Taken together as a sum, these two 
potentials are near the reported values of cochlear potential. This is 
based on reported data for cochlear fluids used for the calculation 
of Nernst and Goldman potentials. The reported positive potenti-
al of Reissner membrane can be explained almost entirely by the 
traffic of Na+ that enters endolymph through this membrane. At 
the apical membrane of hair cells, acoustic stimulation modulates 
stereocillia permeability to potassium. Potassium concentration 
gradients on the apical membrane are low (the calculated Nernst 
value is <+3 mV), suggesting that the potassium current is not cau-
sed by the local potassium concentration gradient, but an electric 
field between the positive sodium generated potential on the Re-
issner membrane and negative inside hair cells. Potassium is for-
ced by this overall electric field to enter hair cells when stereocilia 
are permeable due to mechanical bending. 

Key words: membrane potential, ion traffic, membrane permea-
bility, labyrinth
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INTRODUCTION

Despite many advances in our understanding of 
hearing (1) and cochlear anatomy (2), several 
questions remain open. Without exceptions, re-
cent editions of physiology textbooks (3-5) note 
that hearing is lost without an adequate cochlear 
potential. Endolymph solute concentrations are 
similar to the cellular fluid, while the perilymph 
composition resembles cerebrospinal fluid (CSF) 
and plasma values. 
Cochlear potential is attributed to the vascular stria 
that actively pumps ions between plasma and en-
dolymph. High potassium level in endolymph is 
explained by potassium pumping from plasma and 
also by recuperation of potassium that leaked from 
hair cells to the interstitial space in the organ of 
Corti (1,3,4). It is unexpected that the extremely 
low sodium concentration in endolymph is not ge-
nerally considered important in our textbooks for 
the generation of cochlear potential.
Unusually high reported values (near 150 mV 
between endolymph and hair cells) are often 
attributed to the endolymph fluid itself (‘’.. the 
hair cells have a negative intracellular potential 
of -70 mV with respect to the perilymph, but -150 
millivolts with respect to the endolymph at their 
upper surfaces where the hairs project through 
the reticular lamina and into the endolymph’’, 
‘’...  auditory endolymph has a voltage of +80 
mV relative to the perilymph...’’)  (3,4), although 
cellular membrane potentials are generally con-
sidered to result from chemical gradients acro-
ss semipermeable membranes due to membrane 
permeability (6,7). This means that fluid confined 
within an impermeable membrane has no electric 
potential and the endolymph potential can be 
measured only in comparison to another fluid be-
hind a semipermeable membrane. Two membra-
nes that separate three cochlear scales are often 
considered electrically unimportant, although at 
least the Reissner membrane is permeable to cer-
tain ions and water (1) and thus should generate 
measurable membrane potential.
Another related but almost neglected point is that 
membrane potential cannot be higher than the 
Nernst value calculated for the concentrations of 
the most permeable ion. Therefore, values betwe-
en 120 and 150 mV cannot result from the Gol-
dman equation using reported solute concentrati-
ons (1). Beside all that, a less explained feature of 

endolymph is that this fluid is normally slightly 
hypertonic (1), some 330 mosm/L in comparison 
to 280mosm/L in perilymph. 
This paper aims to reconsider electrophysiolo-
gical aspects of hearing by attributing electric 
potential values measured in cochlear fluids to 
permeability of Reissner membrane and hair cell 
membranes to certain ions. Described interpreta-
tion is based on previous papers about ion traffic 
in cystic fibrosis (7,8) and importance of chlori-
de (Cl-) membrane traffic and Donnan effect of 
cytoplasmic proteins (9,10).

BASIC ASSUMPTIONS BEHIND THE PROPOSED 
INTERPRETATION

A description of the cochlear potential, presented 
here, is based on several assumptions.
Membrane ion traffic is governed by electric fi-
elds, concentration gradients and the ion speci-
fic membrane permeability (3-5). All cell mem-
branes act as diffusion bottlenecks and if ions 
accumulate near the membrane, their electric 
charges alter diffusion of other ions. 
If a membrane allows only one ion to diffuse along 
its concentration gradient, the diffusion will con-
tinue until the membrane potential reaches the 
Nernst value for that ion (3-5). Further ion traffic 
depends on the Brownian kinetic that washes away 
ions adjacent to the membrane surface and thus 
allows further diffusion through the membrane.
Cell membranes are almost always permeable 
to more than one ion and the actual membrane 
potential can be calculated by the Goldman equ-
ation. Cells permeable to potassium (K+) and 
chloride (Cl-) ions normally have membrane po-
tential somewhere between the respective Nernst 
values for these ions (3-5).
An example: the resting potential in neurons is 
near the potassium Nernst potential and further 
traffic of K+ is opposed by a strong electric force 
(3-5). Traffic of ions across the membrane beco-
mes intensive only during the action potential 
due to momentary altered membrane potential. 
During depolarization, the potential shifts from 
a value near the potassium Nernst value toward 
the sodium Nernst value. Only the weakened 
membrane electric field while shifting between 
these two Nernst potentials allows ions to follow 
their concentration gradients and cross the mem-
brane (3-5, 8). Despite membrane conductance 

Kurbel et al. Cochlear potential & Goldman equation
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for a certain ion, stable membrane potential near 
the Nernst potentials of that ion prevents further 
traffic of that ion across the membrane.   
The apical membranes of hair cells face the endo-
lymph, while laterobasal membranes are exposed 
to perilymph (3-5). Under no circumstances can 
membrane potential exceed beyond the overall 
range of Nernst values for all ions able to cross 
that membrane, since the actual potential is a re-
sultant of all existing ion currents (3-5).
Based on solutes and electric potential in the 
cytoplasm (reported -50 to -70 mV relative to 
perilymph (1), it can be assumed that basolateral 
membranes are permeable to potassium and chlo-
ride. Therefore, leaking of potassium from hair 
cells into the interstitial fluid is probably the main 
determinant of the cytoplasmic potential in hair 
cells, as it happens in other cells (3-5).
Hyperosmolar fluids are expected to accumulate 
in compartments with active pumping of solutes, 
but only if traffic of ions and water with adjacent 
tissues is limited and thus allows accumulation 
of solutes. For instance, hyperosmolar kidney 
medulla is of reduced vascularity (slow perfusion 
through vasa recta) and topologically isolated in 
renal pyramids (11). Intense solute pumping hap-
pens on the border between medulla and cortex, 
so diffusing solutes remain trapped in medulla 
and thus undisturbed by circulation. 
Elevated osmolarity of endolymph can also result 
from ion pumping in stria vascularis (Na/K pumps, 
proton pumps etc. (1) combined with specific coc-
hlear vasculature and vascular permeability.

The proposed interpretation of the cochlear 
potential as a sum of two membrane potentials

The interpretation proposed here is based on the 
idea that any two fluids separated by a semiperme-
able membrane can develop electric potential due 
to differences in solute concentrations and mem-
brane permeability for certain ions. Without ion 
traffic through a semipermeable membrane, no me-
asurable electric potential is expected, so it cannot 
be assumed that endolymph is per se positive, or 
perilymph neutral and hair cell’s interior negative. 
All reported potentials in these three fluids are 
expected to come from ion traffic across some 
membrane between them. The Reissner membra-
ne is between perylimph and endolymph, while 
the apical hair cell membrane with stereocilia se-

parates endolymph from the hair cell cytoplasm. 
Basolateral hair cell membranes are between the 
cytoplasm and perilymph. This simple approach 
suggests that the unusually high cochlear potenti-
al should be considered as a sum of two membra-
ne potentials. Both potentials are relative to the 
perilymph potential that can thus be regarded as 
neutral or 0 mV (1). 
The basic idea of the proposed interpretation is 
that positive potential emanates from the endo-
lymphatic side of the Reissner membrane, while 
the negative potential exists on internal sides of 
the laterobasal membranes of cochlear hair cells. 
Taken together, these two potentials are near the 
reported values of cochlear potential.
Since selective permeability values for sodium, 
potassium and chloride of these three semiper-
meable membranes are not reported, we can use 
Nernst values as a surrogate marker. If the repor-
ted fluid potential is near the Nernst value of a 
certain ion, traffic of that ion is the dominant cau-
se of the reported potential. 
Here presented tables and figures are based on 
published data (1), while Nernst potentials were 
calculated by the Goldman’s equation calculator 
(12,13). 

A. Interpretation of cochlear potential

Data and calculated membrane potential values 
are shown in Table 1 and Figure 1. 

Parameters for 
the Goldman 
equation

Reissner 
mem-
brane

Apical hair cell membrane 
Basolat-

eral hair cell 
membrane

Minimal 
stereocilia K+ 
conductance

Large 
stereocilia K+ 
conductance

pK+ 1 1 19 100
[K+]o 5 130 5
[K+]i 130 120 120
EK+ -87 +2.1 -84.9
pNa+ 100 100 2
[Na+]o 140 1 140
[Na+]i 1 15 15
ENa+ +132 -72.3 +59.7
pCl- 1 1 1
[Cl-]o 115 130 115
[Cl-]i 130 115 115
ECl- -3.3 +3.3 0.0
Goldman po-
tential (mV) +100 -43.4 -10.0 -69.7

Table 1. Interpretation of normal cochlear potential* 

*pXx, relative permeability; [Xx]o, outside concentration (mmol/L); 
[Xx]i , inside concentration (mmol/L); EXx, the Nernst potential (mV 
for the ion Xx); The expected Nernst potential values and Goldman 
potential calculated by the Goldman’s equation calculator (17) from 
reported data (6)
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Here are a few remarks.
It is obvious that the reported highly positive po-
tential of the Reissner membrane can be expla-
ined almost entirely by the traffic of Na+ that 
enters endolymph. Reduced traffic of potassium 
and of chloride ions produce negligible negati-
ve potentials that prevent reaching the sodium 
Nernst potential. Since the cochlear potential is 
near the sodium Nernst value, the sodium cu-
rrent is limited due to the presence of the sodium 
traffic opposing electrical field, so the sodium 
leak from perilymph to endolymph is very small. 
Sodium ions, after entering the endolymph, are 
pumped out of the cochlear endolymph by pumps 
in the vascular stria pumps. The result is that a 
highly positive electrostatic field emanates from 
the Reissner membrane and spreads throughout 
endolymph and organ of Corti.
If we look at the apical membrane of hair cells 
that carries stereocilia, acoustic stimulation mo-
dulates their permeability to potassium. Potassi-
um concentration gradients on the apical mem-
brane are low and only weak membrane potential 
is expected from the gradient of potassium con-
centrations (Nernst value is <+3 mV) (Table 1). 
If the apical membrane around stereocilia is im-
permeable to ions there would be no electric po-
tential, but if it is permeable to sodium, a strong 
electric potential would be generated, positive 
on the endolymph side and negative on the pe-
rilymph side due to sodium leakage from hair 
cells to the endolymph. Here again, the leak is 
very small due to the opposing electric field that 
facilitates potassium influx through bended ste-
reocilia.  This clearly suggests that the potassium 
current does not depend on the local potassium 
concentration gradient, but on the electric poten-
tial due to sodium traffic across the Reissner and 
the apical membrane.

Basolateral hair cell membranes leak potassium 
into the interstitial fluid and this negative poten-
tial inside hair cells further augments the electric 
gradient of cochlear potential (near 150 mV of 
potential difference is expected between the fluid 
bellow the Reissner membrane and in the bottom 
part of hair cell cytoplasm). This huge potential 
difference is generated by adding values of two 
ions, positive potential due to sodium leaking 
across the Reissner membrane and a negative va-
lue due to potassium leaking through basolateral 
membranes of hair cells. 
Potassium is forced by this overall electric field 
to enter hair cells if stereocilia are permeable due 
to mechanical bending, regardless of local pota-
ssium concentrations. This means that potassium 
current will allow hair potential to be accurately 
modulated according to the momentary changes 
in stereocilia position.
In short, acoustic stimulation makes apical mem-
brane permeable to potassium ions, they enter 
due to the cochlear potential and their accumula-
tion below the apical membrane makes the ove-
rall hair cell membrane potential less negative, 
thus allowing more transmitter molecules to be 
released. Since transmitter secretion from hair 
cells depends on potential fluctuations and not 
on the action potential generation, the proposed 
chain of actions does not result in a binary-coded 
detection of a threshold change (0- threshold va-
lue not reached, 1- threshold value exceeded). In-
stead, the hair cell potentials produce a real-time 
analog measurement of auditory stimulation by 
modulation of the potassium current that governs 
transmitter secretion. 
The proposed setting for the cochlear potential 
has several important features:
all auditory hair cells are subjected to the similar 
electric field that emanates from the positively 
charged Reissner membrane above them resul-
ting in a low and predictable energy metabolism 
of individual cells.
Modulated and uninterrupted potassium flow 
from endolymph to interstitial fluid through hair 
cells has two effects on membrane potential of 
hair cells: apical K+ influx makes the local mem-
brane potential less negative and thus the overall 
basolateral potential becomes less negative and 
this change increases secretion of neurotran-
smitters.

Figure 1. Model of normal cochlear potential 
The expected Nernst potential values calculated by the Gold-
man’s equation calculator (12) from reported data (1)

Kurbel et al. Cochlear potential & Goldman equation



Medicinski Glasnik, Volume 14, Number 1, February 2017

12

The potassium current is undisturbed as long as 
stereocilia are permeable to potassium. Basola-
teral K+ efflux from hair cells to interstitial flu-
id restores the overall cytoplasmic negativity of 
hair cells. Although noise exposure can probably 
increase the average potassium inflow, there is no 
risk of K+ accumulation within hair cells since 
the added K+ ions can leak out through basola-
teral membranes. This leakage to the interstitial 
fluid acts as a protective potassium sink against 
the increased apical influx of potassium ions.
Reduced negativity of basolateral membranes 
also enhances leakage of potassium through 
them. These actions regain the membrane poten-
tial without additional ion pumping in and out of 
hair cells. Metabolically undemanding hair cells 
can thus be smaller and more densely packed, 
allowing better sound differentiation within limi-
tations of cochlear dimensions.

B. Interpretation of extracochlear potentials 
within the membranous labyrinth

Data and calculated Nernst values are shown in 
Table 2 and Figure 2.

culated only for potassium and sodium (permea-
bility for chloride ions was set to 0).
Nernst potentials of sodium and potassium for 
this setting on the Reissner membrane (Table 2) 
suggest that even here the weak leak of sodium 
from perilymph to endolymph maintains the re-
ported positive potential (sodium Nernst value on 
the Reissner membrane is +9 mV, the reported 
value is +10 mV), suggesting that the sodium cu-
rrent is adequately opposed with an electric field, 
so only minimal sodium leaks from perilymph to 
endolymph are expected. This means that here 
absent stria vascularis is not required to maintain 
the reported concentrations of these solutes, dark 
cells that secrete some potassium (1) are proba-
bly sufficient, endolymph circulates through the 
labyrinth, so in areas remote from cochlea, fluid 

Parameters for 
the Goldman 
equation

Reissner 
membrane

Apical hair cell mem-
brane 

Basolateral 
hair cell 

membrane

Minimal 
stereocilia K+ 
conductance

Large ste-
reocilia K+ 

conductance

pK+ <~1 5 100 100
[K+]o 5 15 5
[K+]i 15 120 120
EK+ -29.3 -55.5 -84.9
pNa+ 100 1 2
[Na+]o 140 100 140
[Na+]i 100 15 15
ENa+ +9.0 +50.7 +59.7
Goldman po-
tential (mV) +9.0 -33.6 -53.8 -73.1

Table 2. Interpretation of the normal extracochlear potential 
within the membraneous labyrinth

*pXx, relative permeability; [Xx]o, outside concentration in mmol/L; 
[Xx]i , inside concentration in mmol/L; EXx, the Nernst potential in 
mV for the ion Xx. The expected Nernst potential values and Gol-
dman potential calculated by the Goldman’s equation calculator (17) 
from reported data that lack chloride concentrations (6).

Here are some remarks:
It was reported that although the endolymphatic 
sodium concentration is here much higher than 
in the cochlea, the extracochlear endolymph is of 
low positive potential near +10 mV (1). 
The exact chloride concentrations for these 
settings were not reported (1), so Goldman is cal-

Figure 2.  Model of the normal extracochlear potential 
The expected Nernst potential values calculated by the Gold-
man’s equation calculator (12) from reported data (1)

Comparison 
of electric 
field features

Solid electrets
Large semipermeable 
membranes between fluid 
compartments

Stable 
electric field 
maintained 
without drain 
of energy

YES, due to permanently 
bound electrostatic 

charges

NO, membrane layered char-
ges depend on the membrane 

ion permeability and thus 
on energy invested in ion 
pumping in adjacent fluid 

compartments

Dipole 
polarity of the 
electric field

YES, solid electrets 
usually have two opposed 
faces: one positively and 
one negatively charged

YES, concentration gradients 
force ion traffic through 

the membrane and generate 
electric potential according 
to the Goldman equation. 
One membrane side  more 

positive in comparison to the 
other side 

Electric fields 
generated by 
two-dimensi-
onal sources

A homogenous electric field can easily be created by 
placing two charged and congruent surface areas at 
small distance, thus resembling a charged capacitor 

field across the dielectric

Table 3. Comparison of solid electrets with the proposed 
interpretation of cochlear potential
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accumulates sodium and loose potassium ions 
through adjacent membranes. 
Potassium concentration gradient on the apical 
hair cell membrane suggests that a strong electric 
potential must drive potassium into the hair cells 
through bended stereocilia against its concentra-
tion gradient. Two situations are shown in Table 
1. In the case with low potassium permeability of 
unbended stereocilia, the calculated apical mem-
brane potential is -33.6mV, while in the case of 
20 times greater potassium permeability, the po-
tential is more negative, -53.8mV. 
If we compare Tables 2 and 1, this interpretation 
predicts that apical membranes of hair cells differ 
in their sodium conductivity. Cochlear hair cells 
allow more sodium than potassium to cross the 
apical membrane. In extracochlear hair cells so-
dium conductivity through the apical membrane 
is much lower than the potassium conductivity.
This difference results in opposite changes in the 
membrane potential due to stereocilia bending. In 
cochlear hair cells, increased potassium traffic thro-
ugh bended stereocilia makes membrane potential 
less negative, while in extracochlear hair cells, the 
same change of potassium traffic makes the potenti-
al more negative. It is important to note that directi-
on of electric potential alteration is probably unim-
portant as long as transmitter secretion is adequately 
modulated by the mechanical stress of stereocilia.

POSSIBLE EXTRAPOLATIONS OF THE PRESENT-
ED INTERPRETATION

Comparison of the cochlear potential with electrets

Several authors have put forward the idea that 
electrostatic fields around cell membrane are 
similar to electrets (14-16), since an electret is 
a stable dielectric material with a static electric 
charge, or with oriented dipole polarization. Ta-
ble 3 is intended to give a broader look at similar 
features of the here proposed cochlear electric 
field and electrets. 
Electrets are similar to permanent magnets in 
their dipole polarization easily detectable on the-
ir surface. Reissner membrane mimics two-di-
mensional sources of stable positive electric field 
emanating from the endolymph side. The main 
distinction is that the Reissner membrane is not a 
permanently polarized dielectric. Instead of that, 
the membrane polarization depends on ion lea-

kage due to concentration gradients imposed by 
ion pumping in the vascular stria, so it requires 
energy to be maintained. 
In short, the two-dimensional source of positive 
charge above the Corti organ is similar to a solid 
electret facing a vibrating membrane, as it can be 
found in any contemporary electret micropho-
ne. This analogy suggests that variable distance 
between the basilar and the Reissner membra-
ne, caused by the basilar membrane vibrations, 
might be important in the process of cochlear 
sound detection and differentiation mainly due 
to changes in the strength of the electric field for-
cing potassium ions through hair cell stereocillia.

Comparison of the cochlear function with an 
electronic tube amplifier 

The interpretation presented here in several ways 
resembles design and function of the amplifying 
electronic tube known as the triode (17). In both 
cases, weak signals are used to modulate current 
of charges that is driven due to an outside source. 
A triode is the simplest amplifier, so it seems pla-
usible that we should also consider complex ion 
traffic of hair cells with endolymph and perilymph 
as an amplified mechanoelectrical analog conver-
ter that transforms sound vibration into real-time 
variations of electric membrane potential that mo-
dulates transmitter secretion from hair cells. 

Complex cochlear transports of sodium possibly 
facilitate potassium accumulation in endolymph 

It has been reported that hypoxia, ouabain, furo-
semide, amiloride and proton pump inhibitors 
can change the cochlear potential thus impai-
ring hearing, so we can assume that all structu-
res targeted by these drugs must be involved in 
the endolymph content maintenance (1,2). Since 
low sodium and high potassium in endolymph 
seem responsible for the cochlear potential, our 
hearing depends on Na/K pumps, proton pumps, 
sodium cotransporters etc. 
Sodium ions can enter the cochlear endolymph 
compartment from two structures, the Reissner 
membrane and the terminal sulcus (1). Since the 
vascular stria is placed between these two structu-
res, it seems possible that sodium leakage through 
these two linear structures (below and above the 
vascular stria) can help the local function of Na/K 
pumps that will pump sodium back to plasma in 
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exchange for potassium. Chloride ions probably 
enter endolymph along the electric gradient from 
perilymph and possibly from hair cells. It seems 
plausible that chloride ions are not easily carri-
ed away by plasma in stria vascularis due to the 
Donnan effect of plasma proteins that force out ne-
gative ions, so we should not be surprised that their 
concentration in the endolymph is increased, lea-
ding to the reported endolymph hyperosmolarity.  
We should here keep in mind that Na/K pumps de-
liver 2 K+ (from plasma into the endolymph) for 3 
Na+ (from the endolymph into plasma), meaning 
that Na/K pumps are electrogenic (trading three 
positive for two positive ions) and also osmoge-
nic (pumping three well-hydrated Na+ for two less 
hydrated K+ ions (6, 7)).  Potassium levels in pla-
sma are low (near 5 mmol/L), so when sodium le-
vels in endolymph are also near that concentration, 
or even lower, local Na/K pumps are forced to re-
duce their activity, primarily due to lack of sodium 
in endolymph. Local influx of sodium through the 
Reissner membrane and marginal sulcus can then 
help restart Na/K pumps that stopped due to the 
lack of sodium exposure on the endolymph side of 
stria vascularis. By this mechanism, lower levels 
of sodium and higher levels of potassium can be 
reached in endolymph. 

The interpretation presented here suggests that a 
weak sodium current might exist in the apical hair 
cell membrane supporting the membrane potenti-
al of hair cells (negative on inside and positive on 
the endolymph side). Stereocilia bending allows 
potassium to enter and thus reduce internal ne-
gativity proportionally to the degree of bending. 
Therefore, this is a unique modulation of hair cell 
membrane potential that is quantitatively  related 
to the auditory stimulation. This analogous mo-
dulation is quite the opposite from the action po-
tential in which a sufficient stimulus that passes 
the threshold potential imposed by the diffusion 
of chloride ions enables the full depolarization 
(the “all or none” principle). If we want to put 
it in technical terms, neurons handle signals as 
a binary code (polarized vs. depolarized), while 
the sound exposed cochlear hair cells analogou-
sly modulate their secretion of transmitters.

FUNDING

No specific funding was received for this study.

TRANSPARENCY DECLARATION

Conflict of interest: None to declare.

REFERENCES

1.  Couloigner V, Sterkers O, Ferrary E. What’s new in 
ion transports in the cochlea? Pflugers Arch 2006; 
453:11-22.

2.  Khan S, Chang R. Anatomy of the vestibular system: 
a review. Neuro Rehabilitation 2013; 32:437-43.

3.  Barrett KE, Barman SM, Boitano S, Brooks HL. 
Ganong’s Review of Medical Physiology. (Lange Ba-
sic Science). 24th Ed. New York: McGraw-Hill Me-
dical, 2012.

4.  Boron WF, Boulpaep EL. Medical Physiology. 2e 
Updated Edition. New York: Elsevier Health Scien-
ces, 2012.

5.  Hall JE. Guyton and Hall Textbook of Medical Physi-
ology. New York: Elsevier Health Sciences, 2015.

6.  Collins KD. Ion hydration: Implications for cellular 
function, polyelectrolytes, and protein crystallization. 
Biophys Chem 2006; 119:271-81.

7.  Borzan V, Tomašević B, Kurbel S. Hypothesis: possi-
ble respiratory advantages for heterozygote carriers 
of cystic fibrosis linked mutations during dusty cli-
mate of last glaciation. J Theor Biol 2014; 363:164-8.

8.  Kurbel B, Rapan S, Kurbel S. Cystic fibrosis: model 
of pathogenesis based on the apical membrane poten-
tial. Med Glas (Zenica) 2015; 12:1-6.

9.  Kurbel S. Are extracellular osmolality and sodium 
concentration determined by Donnan effects of in-
tracellular protein charges and of pumped sodium? J 
Theor Biol 2008; 252:769-72. 

10.  Kurbel S. Donnan effect on chloride ion distribution 
as a determinant of body fluid composition that allows 
action potentials to spread via fast sodium channels. 
Theor Biol Med Model 2011; 8:16. 

11.  Kurbel S, Dodig K, Radić R. The osmotic gradient 
in kidney medulla: a retold story. Adv Physiol Educ 
2002; 26:278-81.

12.  The Nernst/Goldman Equation Simulation. http://
www.nernstgoldman.physiology.arizona.edu/ (01 
April 2016).

13.  Wright SH. Generation of resting membrane potenti-
al. Adv Physiol Educ 2004; 28:139-42.

14.  Berg HC: Membrane dipole potentials. Biophys J 
1968; 8:1051–53.

15.  Kothari ML, Mehta LA. Cells and Yin-Yang polarity 
(towards greater similarity between the animate and 
the inanimate). J Postgrad Med 1978; 24:4–19.

16.  Leuchtag HR. Indications of the existence of ferroe-
lectric units in excitable-membrane channels. J Theor 
Biol 1987; 127:321–40.

17.  Okamura S, Ed. History of electron tubes. Amster-
dam, Nederland: IOS Press 1994, 17-22.



15

Razlika potencijala između endolimfe i tekućine citoplazme 
kosatih stanica u unutarnjem uhu – reinterpretacija prema 
Goldmanovoj jednadžbi
Sven Kurbel1, Vladimir Borzan2, Hilda Golem3, Kristijan Dinjar4
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bolnički centar Osijek; Hrvatska

SAŽETAK

Uobičajeno je izmjerenu vrijednost razlike električnog potencijala u pužnici uha od blizu 150 mV na-
vesti kao značajku same endolimfe, iako svi membranski potencijali nastaju iz prometa iona kroz po-
lupropusne membrane, duž koncentracijskih gradijenata. Budući da bilo koje dvije tekućine, odvojene 
polupropusnom membranom, mogu razviti razliku električnih potencijala na membrani, ukoliko postoje 
razlike u koncentracijama iona, ovdje predloženo tumačenje je da pozitivni potencijal potiče iz Reiss-
nerove membrane zbog malog utoka natrija iz perilimfe u endolimfu. Bazolateralne stijenke kosatih 
stanica propuštaju kalij u intersticijsku tekućinu, što stvara negativni potencijal unutar kosatih stanica 
koji dodatno povećava električni gradijent kohlearnog potencijala. Zbrojeni zajedno, ova dva mem-
branska potencijala su u blizini izmjerenih vrijednosti kohlearnih potencijala. Model se temelji na do-
stupnim podacima o sastavu endolimfe i perilimfe u pužnici, koji su uporabljeni za izračun Nernstovih 
i Goldmanovog potencijala. Pozitivni potencijal Reissnerove membrana može biti gotovo u potpunosti 
objašnjen ulaskom Na+ iz perilife u endolimfu. Na gornjoj membrani kosatih stanica, akustičke stimu-
lacije moduliraju propusnost stereocilija za kalij. Gradijenti koncentracije kalija su na gornjoj membrani 
niski (izračunati Nernst vrijednost <3 mV), što ukazuje da struja kalija nije uzrokovana lokalnim gradi-
jentom koncentracija, već električni, poljem između pozitivnog potencijala na Reissnerovoj membrani 
i negativnim potencijalom unutar kosatih stanica. Kalij, pod snažnim električkim poljem, nastoji ući u 
kosate stanice i u tome uspjeva proporcionalno mehaničkom savijanju stereocilija zvučnim valovima.

Ključne riječi: membranski potencijal, kretanje iona, membranska propustljivost, labirint
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Miro Klarić1, Vjekoslav Mandić2, Sanjin Lovrić1, Martina Krešić Ćorić1, Nikolina Zovko1

ABSTRACT 

Most people have heard of the placebo effect, while relatively few 
have heard of nocebo, even within the circles of medical staff. Pla-
cebo effect means positive results by treatment via pharmacologi-
cal inert substances. In contrast to placebo, by nocebo effect, due 
to negative beliefs and expectations, opposite results are achieved. 
Said in a more formal manner, what a sick person expects, unfor-
tunately, he/she most often gets.

It is a fact that a high number of medical staff is still uninterested 
in placebo and nocebo effects, although they would benefit from 
them. Maybe this is because the treatment would not seem “scien-
tific enough”. However, the newest scientific evidence undoubted-
ly shows that placebo and nocebo effects arise out of very active 
neurobiological processes intervened by psychological mechani-
sms such as expectations and conditions. Regardless of whether or 
not the doctor or the patient are aware of this, placebo and nocebo 
effects are extremely powerful and represent a significant part of 
the treatment process, in treatment by methods of ancient cultures, 
as well as in modern medicine. Of course medicines hold their 
role, but understanding how the human mind processes informati-
on is also very important. 

Key words: awareness, medical staff, mental processes, neurobi-
ology, physicians.
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INTRODUCTION

Placebo and nocebo effects are universal phe-
nomena, which follow medical practice from its 
early beginnings (1). Historically, placebo and 
nocebo effects have been until recently a result 
of bias in a subjective display of  symptoms and 
many still consider them as such (2). However, 
there is growing evidence that these effects are 
intervened by specific neurobiological mechani-
sms, since recently this interpretation has been 
questioned and refused (3).
Considering that placebo and nocebo effects can 
have deep implications to basic and clinical rese-
arch, as well as clinical practice, the prevailing 
stance today is that it is of great importance to 
better understand neurobiology and psychology 
of placebo and nocebo effects (3,4). This stan-
ce is based on the fact that through basic rese-
arch we find out more on how psychological 
processes influence the neurochemistry of the 
central nervous system (3), as well as how the-
se alternations consequently form the peripheral 
physiology and functioning of certain organs (5). 
Growing knowledge of neurobiology of placebo 
and nocebo reactions increasingly also influen-
ce the design of clinical examinations whereby 
treatment is tested against the placebo (3). In the 
end, this also influences the healthcare system, 
not only by initiating discussions within the ethi-
cal dimension of treatment by placebo, but rather 
by increasingly and justifiably forcing us to re-
examine the significance of placebo and nocebo 
in clinical practice (6). 

NEUROPHYSIOLOGICAL MECHANISMS OF PLA-
CEBO AND NOCEBO

The phenomenon of placebo and nocebo cannot 
be explained by one special and unique neuro-
biological or psychobiological mechanism. The-
se are complicated mechanisms which result in 
multiple reactions that include psychobiological 
and neurobiological mediators and reactions (3).

Mechanisms of placebo effect

Today the prevailing opinion is that the placebo 
effect is intervened by the brain’s reward feeling 
center (4,7). Convincing evidence on the connec-
tion between the reward mechanisms with the 
placebo effects arise out of experimental studi-

es of placebo induced analgesia. In a study in 
which positron emission tomography and func-
tional magnetic resonance were used, Scott and 
co. (2007) (8) tested the correlation between res-
ponsiveness (lat. responsivus- one that gives an 
response, responds to something) on the placebo 
and responsiveness to monetary reward. Using 
the model of experimental pain with healthy 
examinees they discovered that responsiveness 
to placebo is connected to the dopamine activa-
tion in the nucleus accumbens which was asse-
ssed with the help of in vivo positron emission 
tomography of connecting receptors to raclopri-
de (agonist on dopamine D2-D3 receptors). The 
same examinees were subsequently tested with 
functional magnetic resonance for activation in 
nucleus accumbens on monetary rewards. A posi-
tive correlation was determined between placebo 
reactions and monetary reactions, i.e. the grea-
ter the reactions of nucleus accumbens to mone-
tary rewards, the stronger the placebo reaction. 
This study suggests that placebo responsivene-
ss depends on functioning and efficiency of the 
reward system, and this could at least partially 
explain why some individuals react to placebo 
and some do not. Those that have a more effici-
ent dopaminergic reward system would also react 
well to placebo (8).
In the second study of the same group of exami-
nees, Scott et al (2008) (9) studied the endoge-
nic opioid and dopaminergic system in different 
areas of the brain, including those connected to 
reward and motivation aspects of behavior. The 
examinees were subjected to painful stimuli in 
absence and in presence of placebo with expected 
analgesic characteristics. For the analysis a posi-
tron emission tomography was used (opioid with 
11C-carfentanil, dopamine with 11C-raclopride). 
It was discovered that placebo induces activati-
on of neurotransmission of opioid in the anterior 
cingulate, orbitofrontal and insular cortex, nucle-
us accumbens, amygdala and periaqueductal 
gray matter. The dopaminergic activation was 
noticed in ventral basal ganglia, including nucle-
us accumbens. Both dopaminergic and opioid 
activity was connected also with the expectati-
on and experienced efficiency of placebo. Strong 
placebo reactions were connected with grea-
ter activity of dopamine and opioid in nucleus 
accumbens. This revelation shows that dopamine 
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and endogenic opioids that are activated in nucle-
us accumbens by application of placebo play a 
key role in modeling of placebo reaction (9).
In clinical practice, this phenomenon can be ob-
served through the expectation of clinical impro-
vement, which probably plays an important role in 
placebo effect. The findings of research of place-
bo in patients diagnosed with Parkinson’s disease 
contribute to this (7,10). Based on these findings 
de la Fuente-Fernandez et al propose the neuro-
biological placebo mechanism. Once positive 
verbal suggestion creates a possibility of a reward 
which in case of placebo application is reflected 
through therapeutic progress, certain cortical ne-
urons become active, and their activity is tied to 
the likelihood of a reward. Activated neuron cells 
send direct excitatory glutamatergic information 
to the dopaminergic cell bodies together with indi-
rect inhibitory information of gama-amino butyric 
acid. The combination of these signals arriving to 
the dopaminergic neurons via direct or indirect 
connections contributes to the likelihood of tonic 
activation (11,12). Furthermore, it is stated that 
neurons in prefrontal cortex, nucleus accumbens, 
caudatus and putamen show a tonic reaction du-
ring the reward expectation (13).

Mechanisms of nocebo effect

In comparison to placebo, a lot less is known 
about the nocebo effect. This is likely due to the 
fact that introduction of nocebo reaction repre-
sents a stressful procedure for the sick person, so 
due to ethical reasons its exploration is limited. 
Term nocebo (“I shall harm”) was introduced as an 
opposite to the term placebo (“I shall please”) with 
a goal to differentiate the pleasing placebo effects 
from harmful placebo effects (14,15). If the positi-
ve psychosocial context typical for placebo effect 
is reversed then the nocebo effect can be studied. 
Therefore it is important to emphasize that studies 
of nocebo effects concern the negative psychoso-
cial context of treatment, and their neurobiological 
research is an analysis of effects of this negative 
context on the patient’s brain and body. 
The basic psychological mechanisms of occurren-
ce of negative expectations, and thereby nocebo 
reactions are: a) information regarding negative 
outcomes and expecting these b) previous experi-
ence of negative treatment outcomes and c) noti-
cing negative outcomes with other patients (4,16).

Most studies of nocebo effects come from areas 
of pain processing with healthy examinees. There 
are two reasons for this. Firstly, because it is easy 
to give controlled painful stimuli to healthy exa-
minees, and because sophisticated brain imaging 
techniques are available now (3,17). Following 
this, within experimental boundaries, it is esta-
blished that healthy examinees through whose 
heads fake radio-frequency stimuli are inserted, 
claimed to electricity experience headache (18). 
This demonstrates that expectations created dis-
comfort and pain in the head. Even more so, 
the mental processes can paradoxically modify 
even the effects of a medicine. Therefore, in one 
experiment once healthy examinees received in-
correct information that they could experience 
increased pain, the typical analgesic effect of 
33% nitric oxide (N2O), reversed from analgesia 
to hyperalgesia, i.e. the examinees experienced 
a low degree of pain as high (19). This indicates 
that negative verbal information can transform 
typically painless stimuli into painful and cause 
nocebo reactions as strong as those caused by di-
rect experience of negative outcomes (4).
These behavioral changes are supported with 
objective psychopharmacologic results (20) as 
well as brain imaging results (3,21). On one side, 
proglumide, the antagonist of cholecystokinin 
receptor (CCK) type -A/B, blocks the nocebo 
hyperalgesia reaction after application of place-
bo together with a verbal suggestion on increased 
pain, which indicates a specific exclusion of cho-
lecystokinin composition in nocebo hyperalgesia 
(20). On the other hand, information on increased 
pain, even if only given once, can disturb the na-
tural flow of pain perception by introducing the 
hyperactivity of the insular cortex in the duration 
of between 8 to even 90 days (21). Even more, 
the discoveries of other studies show that the 
effects caused by agonist μ-opioid remifentanil 
can be completely annulled when, during the in-
fusion drug delivery, the examinees are told that 
the medicine infusion has been stopped, while 
it has not in fact been stopped. This shows that 
negative expectation can disturb the pharma-
codynamic profile of a medicine (17,22). These 
observations are also supported with brain ima-
ging studies. Namely, it is determined that during 
the expectation of pain several areas in the brain 
are activated like the anterior cingulate cortex 
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(ACC), prefrontal cortex (PFC) and insula (23-
26). These experimental findings in the area of 
pain are important for patients with chronic pain, 
and probably in other clinical situations in which 
mental processes act as the main actor impacting 
medical outcomes (27). 

THE SIGNIFICANCE OF PLACEBO AND NOCEBO 
EFFECTS IN CLINICAL PRACTICE

It is known in modern medicine that the treatment 
result of many active interventions is also connec-
ted with the active component of the treatment and 
the components of placebo and nocebo. Current 
evidence states that placebo and nocebo effects de-
pend on different neurochemical and neurophysi-
ological mechanisms, which can be measured and 
modified (27). These effects are certainly connec-
ted with the treatment context. Namely, all medi-
cal treatments are conducted in a certain context. 
This context includes the doctor’s stances, psycho-
logical factors, as well as patient’s expectations, 
wishes and hopes. Clinical experience as well as 
research findings show that in many medical inter-
ventions, therapy results can be assigned at least 
partially to the compatibility between the propo-
sed treatment and the patient’s system and beliefs 
(3,4,27). This part of therapy reaction is normally 
called placebo, or nocebo effect. A more formal 
definition of placebo/nocebo effect is that it is the 
part of the therapy reaction not attributed to the 
medicine components. 

Clinical model of the placebo effect 

Placebo therapy effect mechanisms result in mul-
tiple reactions, they are complexed and include 
psychophysical and neurobiological mediators 
and reactions. Goffaux and co. established a ge-
neral model of the placebo effect (placebo anal-
gesia), and described modeling of nocebo effects 
(28). According to this model, the placebo effect 
includes a complex reaction which begins with 
introducing the placebo into the therapeutic tre-
atment, and moves via psychophysiological me-
diators all the way until actualization of the clini-
cal effect (Table 1) (17). The introductory phase 
of this model includes the presence of an indica-
tion, i.e. a condition which benefits from the pla-
cebo effects. Content-wise the introductory phase 
encompasses therapeutic messages, application 
methods, patient follow up and booster sessions, 
as well as assessment of side effects during the 
introduction of placebo. In the introductory pha-
se, in addition to the above mentioned, an asse-
ssment of individual characteristics is conduc-
ted, such as belief and value systems, personal 
history, as well as innate predispositions of the 
sick person and the therapeutic context, including 
the treatment objectives, therapeutic alliance and 
socio-cultural factors.
Clinical experience instructs that the significance 
of the given therapeutic message greatly depends 
on individual and cultural characteristics of the 

 INDUCTION → PSYCHOPHYSIOLOGICAL MEDIATORS → ACTUALIZATION OF EFFECTS

Introduction or Initiation
• Therapeutic message
(implicit or explicit)
• Method of administration
• Follow-up, booster sessions, and assessment 
of side-effects
 

Idiosyncratic Variables
   • Beliefs and values
   • Personal history
   • Innate predispositions

Therapeutic Context
   • Treatment objectives
   • Therapeutic alliance
   • Sociocultural factors

Conditioning
   • Environmental cues previously paired with
     an effective treatment now trigger an 
     analgesic response
Cognition
   • Expectations of relief: My pain should subside.
Motivation
   • Objectives and desire for relief
Emotions
   • Reduced anxiety and distress: There is hope!

        ↑  ↓
Neurophysiological Mediators
Neurochemical Responses
   • Production of endorphins, dopamine and other various 
     neurotransmitters/neuromodulators
Neurophysiology
   • Activation of central modulatory mechanisms, 
      including descending inhibitory circuits

Subjective Experience
   • Pain
   • Emotions
   • Quality of life
   • Satisfaction
   • Relative relief

Behavioral Markers
   • Amount of analgesics
     consumed
   • Overt pain behaviors

Physiological Markers
   • Physiological
     nociceptive activity
   • Objective clinical
     indicators

Table 1. General model of placebo effect*

*Adapted and modified from: Goffaux P, et al. Placebo analgesia. In: Beaulieu P, Lussier D, Porreca F, Dickenson AH (eds). Pharmacology of 
Pain. IASP Press, Seattle. 2010;451-73(17).
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sick person. Studies, which have examined the 
importance of such rituals, discovered that the 
application of the treatment as well as messages 
concerning the treatment shape the strength of 
the placebo reaction (28). Basically, an encoura-
ging message like “this treatment is particularly 
effective and give the relief in most patients” 
showed positive results.
In contrast to this, uncertainty messages reduce 
the desirable influence of placebo effects. This is 
key in conducting randomized two-fold blinded 
and placebo controlled examinations whereby 
examinees are informed that they only have a 
50% chance to receive active treatment, without 
positive encouragement (29,30). This certainly 
decreases the placebo effect or even causes the 
nocebo effect. Therefore, the same characteri-
stics of the placebo medicine such as color, size 
and quantity can also contribute to its effective-
ness (31,32). In a similar manner, the “generic” 
placebo is less effective than the placebo carri-
ed by a medicine of a well-known name (33). 
Invasive medical treatment, like intravenous 
application of medicines and surgical treatments 
can also cause more pronounced placebo effects 
than non-invasive treatments like oral medicines 
(31,32). In the end, follow up of patients throu-
gh booster sessions or assessment of side effects 
also contribute to the placebo effect (27).
However, notwithstanding the importance of the 
therapeutic ritual, the ritual on its own is not suffi-
cient, at least not for an overall placebo effect 
which also includes other multiple variables. 
Firstly, the message must be directed to persons 
with characteristics that make them susceptible to 
a suggestive message. In addition to this, the hi-
story of previous diseases plays an important role, 
and especially earlier experiences with treatment 
through which therapeutic messages are often in-
terpreted (28,34). All of the stated factors are of  
exceptional importance because the placebo effect 
is more powerful if it is in accordance with the be-
liefs, values and objectives of the patient (27).
The second phase of the placebo reaction repre-
sents a cascade of psychophysiological reactions 
which begin during or after the introductory pha-
se (Table 1). Psychological mechanisms include 
previous experiences, i.e. the effects of conditi-
ons and expectations from the treatment, as well 
as the motivation variable, including the wish for 

relief from suffering and variations in the emo-
tional state (e.g. a decrease in anxiety and dis-
tress). These psychological mediators have well-
defined neurochemical and neurophysiological 
intermediators i.e. biological mechanisms which 
are responsible for the emergence of the place-
bo effect (28). Once the cascade of physiological 
reactions occurs, an actualization of effects can 
be noticed where placebo reactions can be expre-
ssed in numerous ways and signals. These effects 
include a subjective experience such as the chan-
ge in experiencing pain, emotions, quality of life, 
pleasure and related relief; behavioral markers 
with the quantity of consumed medicines e.g., 
analgesics and behavior during obvious pain as 
well as physiological markers and objective cli-
nical indicators (Table 1).

Nocebo effect in clinical practice 

Possible nocebo reactions are common in clinical 
testing and practice. Recent laboratory research of 
nocebo effects, i.e. the harmful effects occurring 
due to expectations have shown that this is a ne-
urobiological phenomenon which can be manife-
sted through visible bodily changes and can cause 
harmful health consequences (3). Furthermore, it 
was noticed that in placebo controlled clinical te-
sting patients that receive placebo often state side 
effects similar to those experienced by patients 
subjected to the treatment being studied, i.e. pa-
tients which receive pharmacological active sub-
stances. These effects can be assigned to the very 
transfer of information regarding the possibility 
of harmful effects during the informed consent 
procedure (35). However, nocebo effects do not 
include only negative reactions to inert interventi-
ons as in placebo controlled testing and laboratory 
experiments. These effects can also arise in clini-
cal practice due to negative expectations tied to 
discovering possible side effects of the prescribed 
treatments. For example, informing the patient re-
garding the possible side effects of the prescribed 
medicine can in itself cause the same side effect 
notwithstanding the pharmacological characteri-
stics of the medicine (4).
Just as interpersonal and environmental dimen-
sions of a clinical encounter have a potentially 
powerful therapeutic benefit (36), the negative 
aspects of a clinical encounter can have negative, 
nocebo effects (4). In daily clinical practice the 
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nocebo effects can be the result of an interaction 
between the clinical professionals and patients, 
and the general psychosocial context in which the 
patient is found. Harm and negative outcomes can 
in the same way be connected to the process of 
discovering serious sickness and prognosis as well 
as sources of information regarding health (37,38).

Nocebo effects in clinical testing

In clinical testing a considerable proportion of 
patients in placebo controlled groups, i.e. grou-
ps to which, instead of pharmacologically active 
substances inert substances are given, experien-
ce negative side effects which overlap with side 
effects of actual medicines. Suggestive evidence 
for this type of nocebo effect is given by meta-
analysis of placebo controlled testing of medici-
nes with different side effects. So, for example, 
Amanzio et al created a systematic overview of 
harmful effects of a migraine medicine in rando-
mized placebo controlled clinical testing. They 
found a high rate of harmful events in placebo 
groups which overlap with those found in speci-
fic types of real medicines that were tested (39). 
The connection between the stated side effects in 
placebo groups and known side effects of certa-
in medicines suggests real nocebo effects arising 
during the process of informed consent. 
Similar results were obtained for antidepressants 
as well. Overall meta-analysis of 143 placebo 
controlled randomized testing of antidepressants 
including 21 examination of tricyclic antidepre-
ssants (TCA) and 122 examinations of selective 
serotonin reuptake inhibitor (SSRI) showed a 
higher rate of harmful events in tricyclic testing 
than in testing of SSRI. This was correct not only 
for the group receiving the active medicine, but 
also for the placebo group in tricyclic antidepre-
ssants. Symptoms of patients who received the 
TCA placebo and those who received SSRI loo-
ked like this: dry mouth (19.2% versus 6.4%), pro-
blems with eyesight (6.9% versus 1.2%); tiredness 
(17.3% versus 5.5%), and constipation (10.7% 
versus 4.2%). This demonstrates that information 
on harmful effects of different types of medicines 
creates patient’s expectations which can influen-
ce the experience of side effects and can make the 
outcomes of clinical testing biased (40).
While the above described examples retrospecti-
vely analyzed the appearance of potential noce-

bo reactions, some experiments were specifically 
designed to prospectively explore the connection 
between informing the patients and occurrence 
of side effects. For example, such a connection 
between informing and occurrence of side effects 
was discovered in cases of harmful sexual outco-
mes with patients with benign prostatic hyperpla-
sia treated with finasteride (41). The study was de-
signed in a way that sexually active patients with 
benign prostatic hyperplasia who received finaste-
ride (medicine of proved effectiveness for treating 
hyperplasia) were randomized to two groups with 
different methods of informing them of the side 
effects. One group was given information regar-
ding the possible harmful sexual consequences 
(“...it is not common, but the medicine can cause 
erectile dysfunction and ejaculation problems, and 
decrease the libido”), while the other group were 
not told about these side effects. During the follow 
up, after 6 and 12 months, it was found that a con-
siderably higher number of patients who were told 
about the possibility of side effects declared these 
(43.6%) in comparison to those who were not told 
about the side effects (15.3%) (41). 
Verbal information given during the standard me-
dical procedures can also cause different exacer-
bation in symptomatic pain. This can be seen in 
the study on verbal communication with pregnant 
women. Women at birth that request epidural 
anesthetic were randomized in two groups: usu-
al description of painful experience during local 
anesthetics (“You will feel a small sting like a bee 
sting; that is the worst part of the procedure”) or 
a more assertive description (“We will give you 
a local anesthetic which shall numb the area and 
you will be comfortable during the procedure”). 
Immediately after the injection a neutral observer 
was called into the room (who was not acquainted 
with the study’s design) to estimate the patient’s 
pain. Those women giving birth who were told to 
expect pain like a bee sting during the application 
of the local anesthetic (nocebo group) assessed 
the pain as considerably stronger than those who 
received the anesthetic with assertive, positive 
words (42). Findings of this study show how im-
portant is the way of giving information to the 
patient, even much more important than the fact 
that information is given.
Besides the harmful effects of informing, exposu-
re to cumulative experiences of pain can also lead 
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to anticipated pain and conditional nocebo hype-
ralgesia. An example of conditional hyperalgesia 
reaction is mentioned in the observational study 
of hospitalized newborns whose mothers are dia-
betics. In order to monitor the blood sugar levels, 
blood samples were taken for these children du-
ring the first 24 to 36 hours  - by pricking the heel 
without anesthetics. Newborns of diabetic mothers 
showed greater pain than newborns of healthy 
mothers who were subjected to common blood 
sample taken for control purposes (43). Thereby 
newborns of diabetic mothers showed their antici-
pated behavior, i.e. reacted in pain when their skin 
was only hygienically cleaned prior to the sting. 
This suggests that the procedure of cleaning the 
skin connected with taking the blood sample was a 
conditional stimuli for causing painful reactions in 
absence of a painful stimuli - which is an example 
of conditional nocebo reaction. 
Nocebo effects are also included in allergic disor-
ders (44) and difficult symptoms such as nausea 
and vomiting with patients with a malign disea-
se who receive chemotherapy (45). These nocebo 
effects are in most cases connected with transferred 
verbal information and negative expectations. 
From the above stated, it can be concluded that 
these harmful effects decrease the quality of life 
and negatively influence holding on to therapy, 
which emphasizes the need for a decrease in no-
cebo reactions to the extent possible. 
In conclusion, placebo and nocebo effects arise 
from very active neurophysiological processes 

which are intervened by psychological mecha-
nisms like expectations and conditioning. These 
neurophysiological processes can be measured 
and modified, which represents the basis for the-
ir application in clinical medicine. Namely, it is 
known in modern medicine that the effect of tre-
atment of many active interventions is connected 
to the active ingredient of the treatment, but also 
to the compounds of placebo and nocebo, which 
have significant clinical implications. Therefore 
it is advisable that clinical professionals do not 
attempt to avoid the placebo, but on the contrary, 
it should be emphasized, while at the same time 
avoiding or decreasing the nocebo effect.
Managing verbal communication and contextual 
signals in respect of any medical treatment are 
important elements of good clinical practice. In 
general, medical interventions should be accom-
panied by an assertive, empathetic and supportive 
communication. Clinical training should include 
education about placebo and nocebo reactions 
and strategies for emphasizing the placebo and 
reducing the nocebo effect, all in accordance 
with the ethical relationship between the clinical 
professionals and the patient. 
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Placebo i nocebo efekti te njihov značaj u kliničkoj praksi
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SAŽETAK

Većina ljudi čula je za placebo-efekt, dok ih je relativno malo čulo za nocebo, čak i u krugovima 
medicinskog osoblja. Placebo-efekt podrazumijeva pozitivne rezultate nakon tretmana farmakološki 
inertnim supstancama. Za razliku od placeba, nocebo-efektom se uslijed negativnog vjerovanja i očeki-
vanja, postižu obrnuti rezultati. Formalnije rečeno, ono što bolesnik očekuje, nažalost, najčešće i dobije.

Činjenica je da je još uvijek veliki broj medicinskog osoblja nezainteresiran za placebo i nocebo efekte, 
iako im oni idu u korist. Možda je to zato što liječenje ne bi djelovalo „dovoljno znanstveno“. Međutim, 
najnoviji znanstveni dokazi nedvojbeno ukazuju da placebo i nocebo efekti proizlaze iz vrlo aktiv-
nih neurobioloških procesa kojima posreduju psihološki mehanizmi poput očekivanja i uvjetovanja. 
Bez obzira jesu li ili pak nisu liječnik i pacijent svjesni toga, placebo i nocebo efekti su vrlo moćni i 
predstavljaju značajni dio liječidbenog procesa, kako u liječenju metodama drevnih kultura, tako i u 
modernoj medicini. Naravno da lijekovi imaju svoju ulogu, ali razumijevanje kako ljudski um procesira 
informacije, također je vrlo bitno.

Ključne riječi: svjesnost, medicinsko osoblje, mentalni procesi, neurobiologija, liječnici.
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ABSTRACT

Aim To investigate and assess knowledge and attitudes of phar-
macists and physicians towards generic drugs prescription in order 
to evaluate current trends, obstacles to prescribe/dispense generics 
and suggest possible improvements of rational and economic pres-
cribing having in mind scarce public budgets for drugs.

Methods A cross-sectional survey among 450 primary care physi-
cians (prescribers) and pharmacists in four major cities in Bosnia 
and Herzegovina (Sarajevo, Banja Luka, Tuzla and Mostar) during 
the period between January and March 2016 was conducted. The 
survey (questionnaire) was developed and physicians’ and phar-
macists’ perception was examined using the 5-point Likert scale. 
Descriptive statistics was used to examine respondents’ characte-
ristics and their responses to survey questions. The respondents 
perception based on different characteristics was assessed using 
ordinal logistic regression.  

Results Generally, positive attitudes towards generic drugs were 
found. Majority of respondents, 392 (87.0%) considered generic 
drugs the same as originators and they could be  mutually sub-
stituted. Physicians were more likely to prescribe branded drugs, 
297 (66.6%), even 391 (86.8%) were aware of generic alternati-
ves. Respondents believed that patients considered generic drugs 
less effective, 204 (45.4%), and 221 (49.0%) disapproved generic 
substitution.  

Conclusion Our findings suggest that further education and more 
information about benefits of generic drugs should be provided 
to key stakeholders including patients. Also, clearer generic drugs 
policies should be introduced in order to improve generic prescri-
bing and potentially improve access and optimize pharmaceutical 
public expenditures.

Key words: drug substitution, practice patterns, economics, po-
licy 



Medicinski Glasnik, Volume 14, Number 1, February 2017

26

INTRODUCTION

Pharmaceutical expenditure is constantly growing 
worldwide due to different reasons such as 
growing rate of aging population, new drugs in-
troduction into the market and an increasing tren-
ds of chronic diseases (1). Similar trends are no-
ted in Bosnia and Herzegovina (B&H) as reported 
by two major health insurance funds (HIF), one 
from the Federation of Bosnia and Herzegovina 
(FB&H) and the other from Republic of Srpska 
(RS), which  report  an increasing level of  drug 
costs contribution, around 21% in total public he-
alth care expenditures (2,3).
Majority of medicines are reimbursed by HIFs 
either as full coverage or through certain levels of 
patient co-payment. It is also noted that the level 
of co-payment and reimbursement differ on the 
local level showing huge health inequalities (4).
Pharmaceutical market in Bosnia and Herzegovina 
could be described as branded generic market with 
developed and established local/domestic generic 
manufacturers, which still have small market sha-
re (5,6). Innovative medicines in B&H have low 
penetration into the market due to reimbursements 
delay, so generic medicines are mainly reimbur-
sed, especially on the primary health care level. 
Legislation in B&H related to drug prescriptions 
significantly differs among entities. In FB&H, a 
prescribing rule for physicians is based on a brand 
name, and pharmacists are obliged to dispense 
prescribed product without a possibility of generic 
switch, while in RS, since 2012 generic prescri-
bing is allowed and pharmacist can make generic 
switch after prior consultation with the patient.
There are different policies implemented to con-
trol drug costs and pharmaceutical expenditures, 
and one of them is generic substitution and gene-
ric prescribing (7-9).
In 2006, generic medicines accounted for 42% of 
dispensed packs among 27 European countries, but 
only 18% of total pharmaceutical expenditures (10).
Prescribing physicians have substantial influence 
over medication selection and some physicians are 
more likely to prescribe generic drugs while others 
are more likely to prescribe brand name drugs (11).
The Government intends to ensure appropriate 
therapy for the patients, but ensuring supply of 
affordable and quality medicines. One of possible 
approaches is to implement generic prescribing 

policies, but the main barrier could be physici-
ans’ perceptions of generic medicines (12).
Understanding physicians’ perceptions of the qu-
ality and efficacy of generics may help identify 
potential barriers to greater generic medication 
use. Additionally, identifying physician characte-
ristics associated with negative perceptions about 
generics may help insurers and policymakers to 
target educational interventions or more restric-
tive policies.
The aim of this study was to evaluate knowledge, 
perception and attitude of physicians and phar-
macists regarding generic medicines and com-
pare results between these two groups of health 
care professionals. Another aim was to identify 
obstacles in prescribing generic drugs and how to 
improve current trends in order to improve ratio-
nal and cost-effective prescribing.

EXAMINEES AND METHODS

Study design

A cross-sectional survey of practicing physici-
ans, including primary care physicians (family 
practice and internal medicine) and pharmacists 
in four major cities in Bosnia and Herzegovina 
(Sarajevo, Banja Luka, Mostar and Tuzla) was 
conducted. A total of 450 healthcare professio-
nals (HCPs) were selected randomly from the list 
of licenced HCPs provided by pharmaceutical 
and physician chambers. The study was conduc-
ted from January to March 2016. All participants 
were explained the purpose of the study and they 
accepted to participate voluntarily. They also si-
gned consents stating that obtained results could 
be published and used for further research.   

Methods 

A questionnaire which was used as a survey 
instrument was first piloted with 10 practicing 
clinicians to solicit feedback and assess face va-
lidity. Clinicians, who participated in the pilot 
study, made some comments to the instrument 
and all of their recommendations were incorpo-
rated in the final questionnaire. 
Self-assessed survey included demographic data 
and 15 questions/statements regarding physi-
cians’ and pharmacists` perception (attitudes 
toward cost, quality and effectiveness) of generic 
drug medicines (Table 1).  
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The five-point Likert scale was used to measure 
the level of respondents’ consent with offered sta-
tements (34). The Likert scale is the sum of res-
ponses to several statements that the respondent is 
asked to evaluate by giving it a quantitative value 
on any kind of subjective or objective dimension, 
with a level of agreement/disagreement being the 
dimension most commonly used. Each item may 
be analysed separately or in some cases item res-
ponses may be summed to create a score for a 
group of items. Physician responses regarding 
the efficiency, quality, safety, production and con-
trol were combined according to prevalence, and 
answers “absolutely agree” and “partially agree” 
were considered as positive responses, while 
answers “absolutely disagree” and “partially disa-
gree” as negative. The response “neither agree nor 
disagree” was considered to be a neutral answer. 
Physicians’ and pharmacists’ perception was 
examined using the 5-point Likert scale with 
answers ranging from positive (“strongly agree”) 
to negative (“strongly disagree”). All responses 
were numerical with only one possible choice.

Statistical analysis 

Data were examined, and only completed res-
ponses formed a database. Descriptive statistics 
to examine respondent’s characteristics and the-
ir response to survey questions was used. Res-
pondents’ perception based on different charac-
teristics was assessed using generalized ordered 
logit model which allows the effects of the expla-

natory variables to vary with the point at which 
the categories of the dependent variable are 
dichotomized.
One of outcome variables of interest were respon-
dents’ knowledge on bioequivalent drugs, attitude 
towards original medicine when both generic and 
original drug are available, and respondents’ per-
ception of patients’ attitude towards generics. 
Because assumptions of normality and proportio-
nal odds are violated, the most appropriate model 
for analysis is generalized ordered logit model. 
Models were fit with four explanatory variables. 
We followed the same procedure for each of the 
three models.  
In model one respondents’ knowledge on bioequi-
valent drugs was tested. 
In the second model, we tested respondents’ atti-
tude toward original medicines when both gene-
ric and original drug is available. 
In the third model, respondents’ perception of pa-
tients’ attitude towards generics was tested.

RESULTS 

Of 520 physicians and pharmacists directly invi-
ted to participate, 450 (86.5%) responded and 
personally fulfilled the survey questionnaire. The 
sample consisted of 330 (73.3%) females and 120 
(26.7%) males; 207 (46%) respondents were in 
the age group of 30 to 50 years and 108 (24.0%) 
were in the group older than 50. More than one 
third of the sample were family medicine physi-

 Statemnt
No  (%) of respondents

Strongly agree Agree Neutral Disagree Strongly 
disagree

1
Generic drug represents pharmaceutical product identical or bioequivalent to 
original drug in dose,  harmlessness, the way and manner of implementation, 
and the quality and form.

169 (37.8) 220 (49.2) 13 (2.9) 22 (4.9) 23 (5.1)

2 Generic drug has the same effects as the originator. 167 (37.3) 201 (44.9) 19 (4.2) 41 (9.2) 20 (4.5)
3 Generic drug has the same safety profile as the originator 157 (35.4) 182 (41.0) 40 (9.0) 40 (9.0) 25 (5.6)
4 Each original medicine has its generic parallel 142 (32.5) 128 (29.3) 65 (14.9) 42 (9.6) 60 (13.7)

5 Terms of production of generic drugs are of poorer quality than the conditions 
of originator production 34 (7.6) 100 (30.0) 122 (27.3) 58 (13.0) 133 (29.8)

6 Generic drug has exactly the same structure as the originator 102 (23.0) 181 (40.8) 59 (13.3) 65 (14.6) 37 (8.3)

7 The original drug can be substituted with generic drug during the medical 
treatment 219 (49.7) 151 (34.2) 40 (9.1) 18 (4.1) 13 (2.9)

8 Generic drugs are subject to clinical trials 217 (48.8) 114 (25.6) 42 (9.4) 20 (4.5) 52 (11.7)
9 Generic drugs are subject to  monitoring upon market launching 217 (49.1) 142 (32.1) 58 (13.1) 11 (2.5) 14 (3.2)

10 I believe  bioequivalent drug is only the one which 100%  corresponds to 
originator in the level and width of the absorption 228 (51.7) 130 (29.5) 45 (10.2) 17 (3.9) 21 (4.8)

11 I am familiar with generic parallels of most original drugs on the market 245 (55.4) 139 (31.4) 35 (7.9) 18 (4.1) 5 (1.1)

12 In case of availability both the originator and generic parallel, I rather prescribe 
the original medicine 188 (42.2) 109 (24.4) 84 (18.8) 26 (5.8) 39 (8.7)

13 I believe that the generic drug causes more side effects than the original drug 41 (9.2) 127 (28.5) 104 (23.4) 51 (11.5) 122 (27.4)
14 Patients believe that the generic drug is not as effective as the original 68 (15.2) 135 (30.2) 92 (20.6) 58 (13.0) 94 (21.0)
15 Patients disapprove  switch from original to generic drug during the therapy 86 (19.4) 131 (29.6) 83 (18.7) 63 (14.2) 80 (18.1)

Table 1. Overview of surveyd question  responses
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cians, 187 (41.5%), almost the same percentage, 
primary care physicians, 193 (42.9%) while only 
13 (2.9%) were pharmacists. The sample repre-
sents a wide range of practical experience, volu-
me and geographical locations (Table 2). 
A total of 180 (40%) respondents disagreed with 
the statement that the production of generic drugs 
is poorer in quality than the conditions of origi-
nator production, while 270 (60%) respondents 
agreed. Even though 288 (64.0%) respondents 
reported that generic medicine had the exact 
same structure as the brand name drug, and that 
generic drug is a pharmaceutical product either 
identical or bioequivalent to the brand name drug 
in dose, harmlessness, application, form and qu-
ality (288, 87.0%) and with the exact same effect 

as the originator (369, 82.0%) and the security 
profile (344, 76.4%), 302 (67.0%) examinees 
reported that when available both the originator 
and the generics, they would prefer the originator 
(brand name drug) (Table 1). 
A total of 176 (39.0%) respondents agreed that 
generics produced more side effects, and almost 
the same number of respondents disagreed, 171 
(38.0%). A total of 333 (74.0%) respondents 
agreed with the statement that generic medicati-
ons were subject to clinical trials, and 360 (80%) 
believed generics were subject to monitoring 
upon market launching (Table 1).
Furthermore, according to 203 (45.1%)  answers, 
patients do not believe in equal treatment effect 
of generic and original drug (Table 1).    
Results of generalized logistic regression asse-
ssing of the relationship between physician and 
pharmacists attitudes and the odds of reporting 
positive perception about generic medications 
are presented in Table 3.
In model one respondents’ knowledge on 
bioequivalent drugs was tested. The log likeliho-
od ratio of 24.61 with a p=0.0001 indicates that 
our model as a whole was statistically significant, 
it provides a better fit than the null model with 
no independent variables. The pseudo R2 of 0.025 
suggests that the relationship between our respon-
se variable and four predictors was rather small. 
For females, the odds of positive attitude toward 
bioequivalent drugs versus neutral and negative 
attitude were 0.684 times lower than for males, 
given the other variables were held constant. For 
a one-unit increase in average daily number  of 
patients,  the odds of positive attitude towar-
ds  bioequivalent drugs and the odds of positive 
attitude towards original medications when both 
original and generic are available, versus neutral 
and negative attitude were 1.01 times greater, 
given the other variables were held constant in 

Characteristic No (%) of respondents 
Gender
Male 330 (73.30)
Female 120 (26.70)
Age
< 30 81 (18.00)
31-40 142 (29.30)
41-50 78 (16.70)
51-60 121 (24.20)
>60 28 (6.20)
Speciality
Pharmacists 13 (2.90)
Family medicine 187 (41.50)
Internal medicine  193 (42.90)
Other 57 (12.70)
Years in practice
< 6 151 (33.60)
6-10 69 (15.30)
11-15 41 (9.20)
16-20 45 (10.10)
> 20 143 (31.80)
Practice size
< 30 76 (16.90)
31-50 311 (69.00)
51-70 53 (11.70)
71-100 11 (2.20)
Location
Federation of BIH 347 (77.00)
Republic of Srpska 104 (23.00)

Table 2. Characteristics of 450 surveyed physicians and 
pharmacists

Variable

p (OR; 95% CI)
Bioequivalent drug is only one 
which 100%  corresponds to 

originator in the level and width 
of the absorption

In case of availability both the 
originator and generic parallel, 
I rather prescribe the original 

medicine

Patients believe that the generic 
drug is not as effective as the 

original

Gender Males Females Males Females Males Females 
0.071 0.68 (0.45-1.03)

Average daily number of patients 0.056 1.01 (0.99-1.03) 0.050 1.01 (0.99-1.03) 0.011 1.02 (1.00-1.03)
Professional qualifications 0.063 0.79 (0.62-1.01)
Professional experience 0.000 0.97 (0.95-0.98) 0.046 0.98 (0.97-0.99)

Table 3.  Results of generalized logistic regression assesing of the relationship between physician and pharmacists attitudes and 
the odds of reporting positive perception about generic medications
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the model. For a one-unit increase in professional 
experience, the odds of positive attitude towards 
bioequivalent drugs versus neutral and negative 
attitude were 0.97 times greater, given the other 
variables were held constant in the model. 
In the second model, respondents’ attitude towards 
original medicines was tested when both generic 
and original drug is available. Again, the model 
showed overall statistical significance with the log 
likelihood ratio (χ2 =9.80; p=0.0439). The pseudo 
R2 of 0.0082 suggests that given variables did not 
predict model at its best and more complex model 
specification should be considered in future rese-
arches. For a one-unit increase in average daily 
number  of patients,  the odds of positive attitu-
de towards original medications when both origi-
nal and generic are available, versus neutral and 
negative attitude were 1.01 times greater, given 
the other variables were held constant in the mo-
del, which is similar to results in the first model. 
Furthermore, for a one-unit increase in professio-
nal experience the odds of positive attitude towar-
ds original medications when both original and 
generic are available versus neutral and negative 
attitude were 0.98 times greater, given the other 
variables were held constant in the model.
In the third model, respondents’ perception of 
patient’s attitude toward generics drugs was tested. 
The third model has shown overall statistical 
significance (log likelihood ratio (χ2 =13.57; 
p=0.0088), but a small pseudo R2 of 0.010. When 
it comes to physicians’ and pharmacists’ percep-
tion of patients’ opinion on generic drugs, a one-
unit increase in average daily number of patients 
was found, the odds of positive attitude versus to 
neutral and negative attitude were 1.017 times gre-
ater, given the other variables were held constant 
in the model. Variable professional qualifications 
were included in the model as a factor variable and 
hence they were tested at each level of possible 
outcome when patients believed that the generic 
drug was not effective as the original. Results have 
shown that only in one case this variable was not 
statistically significant, e. g. with the combination 
of pharmacists and „strongly agree“ answer.

DISCUSION

Healthcare expenditure is constantly increasing 
worldwide and one of possible measures that 
health insurance institutions can implement to 

reduce and control pharmaceutical expenditure 
is generic drug (medicine) policies (13). Generic 
drugs (medicines) are available at a lower cost 
so they provide an opportunity for savings in 
health care expenditure. Physicians and pharma-
cists have a key role in prescribing and dispen-
sing generics and different policies have been set 
across the countries, while final outcome to re-
duce pharmaceutical expenditure sometimes fails 
due to insufficient control mechanisms by policy 
makers (14). Previous issues related to attitudes, 
knowledge and perception of generic drugs have 
been studied in different countries identifying 
main barriers and practices (15,19,24). 
In Bosnia and Herzegovina this is the first attempt 
to explain current situation, so we have conduc-
ted survey among pharmacists and physicians as 
a first line medical professionals facing with pres-
cription and dispensing of medicines in everyday 
practice. In general, the results of this study have 
found that surveyed health care professionals have 
enough knowledge about generic and branded 
drugs. Even though both pharmacists and physi-
cians have found quality and efficacy of generic 
drugs to be the same as branded drugs, majority 
(67.0%) of respondents would still recommend a 
branded drug if it is available. This is reflected in 
the market since prescribing is based on trade or 
non-proprietary name, especially in the Federation 
of Bosnia and Herzegovina. One of the reasons for 
this is that reimbursed price is set at the same level 
for generic and branded drugs, so the system does 
not benefit from the generic switch and benefits 
of generic drugs are not fully captured by payers. 
On the other hand, this could be a signal for the 
generic manufacturers for better positioning and 
opportunity to increase the market share. 
Almost 40% of respondents in this study believe 
that adverse events are more related to generic 
drugs. This is an approximation based on health 
care professionals’ beliefs since B&H has low rate 
of adverse drug reporting (ADR)  as shown in a 
recently published study (16). Such claims sho-
uld be analysed in more detail and if this is the 
case, it should be reported and HCPs should be 
encouraged to do so. A study conducted among 
physicians in Finland showed that certain generic 
medicine groups were not equivalent in terms of 
efficacy and safety (17). Even if by definition a 
generic drug is equivalent to its innovator drug in 
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terms of active ingredients, dose, dosage form and 
bioequivalence, the lack of knowledge on the re-
gulatory requirements of generic medicines could 
have a negative impact on confidence in generic 
drugs. Majority of respondents in our study stated 
that generic bioequivalence is met when there is a 
100% match with originator, which is not the case 
from the legislation point of view, while the range 
from 80% to 130% is required from the regulatory 
point. Toverud et al. in their study showed that the-
re was a certain level of knowledge about bioequi-
valence among prescribers and pharmacists in ma-
ture and less mature health care systems pointing 
out that pharmacists have slightly better knowled-
ge on this issue (15). On the other hand, majority 
of respondents claim that generic drugs have the 
same effects and safety profile as originators.
In Ireland, a relatively low rate of generic pres-
cribing compared to England and Northern Ire-
land was due to the primary concern of Irish pres-
cribers related to reliability and quality of generic 
drugs (18). In our study this is not the case, since 
most of respondents understand that generic dru-
gs are of the same quality as branded drugs. The 
issue of quality of medicines registered in B&H 
is regulated by the Law on Drugs and Medical 
Devices and each producer must prove that me-
dicines registered in B&H meet the Good Ma-
nufacturing Practice (GMP) standards and have 
sustainable quality which is controlled on a regu-
lar basis. On the other hand, misconceptions on 
generic medicines should be corrected in order to 
promote cost-effective prescribing.
One of the measures to improve generic switch 
could be an introduction of clear guidelines on 
brand and generic substitution as it is proposed by 
other authors (19). In Australia, generic drug use 
has been supported by prescribing guidance and 
financial incentives allowing pharmacists to dis-
pense any brand of drug whenever the non-propri-
etary (generic) name of the drug is written, but the 
pharmacist does not have to dispense the cheapest 
brand (20). A similar situation is found in Republic 
of Srpska, while in the Federation of Bosnia and 
Herzegovina this is not the case and pharmacists 
must dispense prescribed branded drugs. In order 
to favour generic switch and policy it would be of 
high importance to unify prescribing and dispen-
sing rules. One of the obstacles is the current prac-
tice that all reimbursed drugs, either innovative or 

generic medicine, have the same price, so there 
are no financial benefits for payers or patients with 
generic drug switch. Other authors concluded that 
there was confusion and uncertainty regarding ge-
neric prescribing and substitution and there was 
a need for better information (15). Some studies 
reported that information about generic substi-
tution should be included in education curricula 
(19,21) in order to have more information and be 
better prepared for professional work after gradu-
ation.  It was reported that physicians in southern 
Europe depended on information provided by the 
brand drug manufacturers to a greater degree than 
physicians in northern Europe (22,23). Authors 
from Slovenia, the country with similar healthcare 
system background as B&H, having been a part 
of the former Yugoslavia, reported that GPs were 
willing to increase generic drugs prescribing under 
certain conditions (24). 
Study by Toklu et al. concluded that healthcare 
providers as well as consumers had insufficient 
knowledge about generic drugs and they should 
be better educated with respect to generic sub-
stitution (25)
In our study respondents showed concerns regar-
ding patients’ perception of generic drugs. Majo-
rity of them think that patients believe that generic 
drugs are less effective than originators and they 
disapprove substitution. Studies from USA, Au-
stralia and northern Europe showed that generics 
have been offered to the patients from all socioeco-
nomic backgrounds, even if they are worried about 
certain patient categories for whom switching to 
generics or switching between different generics 
should not be recommended (15, 26, 27). On the 
other hand in southern Europe and in some coun-
tries with an early-stage healthcare system, health 
care professionals are concerned to lose patients/
customers if generics were prescribed or suggested 
(28-30). Frisk et al. evaluated how Swedish drug 
consumers experience generic substitution and 
concluded that thirty five percent of respondents 
had positive experiences, and majority of them re-
ported the lower drug price (31). In Norway, gene-
ric drug substitution for a number of patients is not 
considered an equal alternative to branded drugs, 
and these patients may need additional information 
and support (32). An interesting study on patient 
attitudes towards generic drugs from Japan showed 
that patients have very low knowledge and under-
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standing of generics but also significant interest in 
usage of those products in the future with signifi-
cant impact of pharmacists (33). Patients in Croa-
tia, the neighbouring country with similar cultural 
preferences as in B&H, showed low understanding 
of generic substitution, high concerns toward effi-
cacy and safety of generics but also low resistan-
ce to generic substitution in pharmacy (34). It is 
expected that similar attitudes would be registered 
among B&H patients, and it is recommended to 
conduct a similar study in Bosnia and Herzegovina 
to get patient insight regarding this issue.
In conclusion, physicians and pharmacists in 
Bosnia and Herzegovina generally have positive 
attitudes towards generic drug prescription and 
recommendation. The main barrier for higher 
utilization of generic drugs is lack of knowledge 
about regulatory issues related to bioequivalen-

ce and quality. The same concerns are thought to 
be among patients’ acceptance of generic switch. 
It would be recommended to increase knowled-
ge and information about generic drugs among 
pharmacists and physicians. From the health po-
licy perspective, it is recommended to bring clear 
generic substitution guidelines and propose new 
measures for generic switch. Current legal fra-
mework and reimbursement policy do not favour 
generic switch since reimbursed prices of origi-
nators and generics are the same and there are no 
clear incentives to increase generic consumption.
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SAŽETAK
Cilj Istražiti i procijeniti znanje i stavove ljekara i farmaceuta prema propisivanju generičkih lijekova 
u cilju procjene trenutnih trendova, barijera za njihovo propisivanje/izdavanje te predlaganje mogućih 
unapređenja racionalnog i ekonomičnog propisivanja u uvjetima skromnih javnih budžeta za lijekove.  
Metode Provedeno je kros-sekcijsko istraživanje upitnikom među ljekarima i farmaceutima u četiri 
najveća grada. Upitnik je razvijen na osnovu ranije objavljenih studija iz ovog područja. Korištena je 
deskriptivna statistika kako bi se opisao uzorak i odgovori na pitanja iz upitnika. Percepcija ispitanika 
prema karakteristikama procijenjena je primjenom ordinalne logističke regresije.  
Rezultati Opći stav prema generičkim lijekovima bio je pozitivan. Većina ispitanika, 392 (87,0%), 
smatrali su generičke lijekove jednake originatorskim te da su međusobno zamjenjivi. Ljekari su radije 
propisivali originatorske brendirane lijekove, 297 (66,6%), iako su bili svjesni da postoji generička 
zamjena, 391 (86,8%). Ispitanici su vjerovali da pacijenti generičke lijekove smatraju manje efikasnim, 
204 (45,4%), te da ne odobravaju generičku supstituciju, 221 (49,0%).  
Zaključci Neophodno je pružiti dodatnu edukaciju i više informacija donosiocima odluka o prednosti-
ma generičkih lijekova, uključujući i pacijente. Također, treba uvesti jasnije smjernice o propisivanju 
generičkih lijekova kako bi se unaprijedilo njihovo propisivanje, čime bi se potencijalno poboljšala 
dostupnost i optimizirala javna potrošnja za lijekove.
Ključne riječi: zamjena lijekova, propisivačka praksa, ekonomika, politika
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ORIGINAL ARTICLE

Patricia Blatnik1, Matej Tušak2, Štefan Bojnec3, Arjana Brezigar Masten4

ABSTRACT

Aim The economic evaluation of medical programs applies proce-
dures that search for and ensure the cheapest methods of medical 
treatment with the best feasible health results. The aim of this stu-
dy was to thoroughly examine both the costs and results of medical 
outcomes, which were based upon two alternative methods of tre-
atment. The purpose was to offer obtained information to the me-
dical profession and hospital management, since they must decide 
on how to use the funds designed for knee arthroscopy surgery.

Methods A cost-utility analysis of two competitive treatments for 
knee arthroscopy was evaluated: the first one was executed by a 
standard department of surgery and the second one for the imple-
mentation within the framework of ambulatory treatment.

Results The direct costs of the existing knee arthroscopy surgery 
amount to 930.39 euro, while the alternative treatment amount to 
419.80 euro. The second alternative treatment would significantly 
reduce labor costs, depreciation costs and material costs. The im-
plementation of the second alternative would reduce the total cost 
by 54.88%.

Conclusion: Outpatient surgical procedures can bring numerous 
potential advantages such as lower costs and unchanged or im-
proved medical outcomes, when compared to the classical method 
of outpatient treatment. The results show that the outpatient tre-
atment does not sacrifice quality in order to reduce hospital costs.

Keywords: costs and cost analysis, quality-adjusted life years, in-
patients, outpatients, health care economics and organizations
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INTRODUCTION

Due to the growth in health care costs during the 
last period, the necessity for rational functioning 
of the health care system is becoming evident to 
ensure the most effective use of available resour-
ces and assets in healthcare. Costs and effects of 
the existing alternative treatments are the key 
category in the evaluation of medical programs, 
which take into consideration every conceivable 
type of costs and effects for selecting the best 
possible solution (1). There can be a trade-off 
between lower costs and efficiency of the indivi-
dual alternative treatment.
The most frequently used economic approaches 
in the evaluation of medical programs are cost-
benefit analysis, cost-efficiency analysis, cost-uti-
lity analysis and cost-minimization analysis (1,2). 
Cost-utility analysis is applied for our purpose, 
as it can be described as a sort of upgrade of cost 
efficiency analysis. From the standpoint of health 
policy, analyzing different methods of treatment 
is the most adequate approach, since it enables 
us to compare the results of various alternative 
treatments. The ultimate goal of treatment is the 
improvement of health status and quality of life 
of the patient. This result is displayed by dimensi-
ons of quality-adjusted life years (2). Cost-utility 
analysis is appropriate to use when the quality of 
life (as it is comprehended by the patient) is the 
principal criterion for treatment success (2,3).
The cost-utility analysis is applied for knee ar-
throscopy in a single hospital with comparisons 
of two treatments: classical inpatient treatment 
and outpatient treatment. Outpatient treatment 
does not require that patients stay in the hospital 
for a prolonged period of time as is the average 
case for classical one-day treatments. Outpatient 
treatment allows for greater patient flow and re-
duces long patient queues, the amount of daily 
disturbances and the rate of absenteeism. The 
economic benefits of outpatient treatment are re-
alized in reduced costs for hospital stay due to 
reducing the number of employees, the cancella-
tion of night shift and turns, and the shorter time 
for carrying out interventions (4-6).
Outpatient treatment is generally more favorable 
than classical inpatient treatment (4,7,8).  It can 
produce the same effects, but only if all direc-
tions and organizational principles of outpatient 

treatment model are carefully taken into conside-
ration.  Disease and mortality incidence, which is 
directly connected with outpatient treatment, is 
extremely low (< 1%) (6,9). Readmissions within 
thirty days after the surgery in a hospital are in 
the range of 0.28–1.5% (10), but the percentage 
can be reduced by implementing the appropriate 
clinical pathways by up to 72% (11).
The key contribution of this article is the applied 
cost-utility analysis of two different alternatives 
of knee arthroscopy treatment in the same hospi-
tal to reduce its costs, while taking into account 
the criteria of quality; namely, through the selec-
tion of alternative, cheaper methods of treatment, 
which can still ensure similar effects of treatment. 
The payer’s aspect is introduced in cost-utility 
analysis, which is based on direct costs of the se-
lected alternative versions of treatment, and on 
effects for expressing the results of treatment by 
quality-adjusted life years. On this basis eligibility 
or ineligibility of introducing the alternative met-
hod of treating knee arthroscopy is determined and 
the question is answered whether the new alterna-
tive treatment adequately fulfils the conditions for 
the implementation in hospitals.
The new method of knee arthroscopy treatment 
presents an opportunity to change the already exi-
sting procedures in hospitals where knee arthrosco-
py surgery is performed within boundaries of cla-
ssical inpatient treatment. Outpatient treatment is 
suitable for patients whose recovery is not expected 
to be endangered by complications and deviations 
from the required protocol. The aim of this study 
was to thoroughly examine the costs and results of 
medical outcomes of the two alternative methods 
of treatment. In accordance with our purpose, we 
wish to offer obtained information to the medical 
profession and hospital management, since they 
must decide on the best use for funds designed for 
knee arthroscopy surgery. We also attempt to defi-
ne different options that render it possible for pro-
cedures and methods of the treatment to change. 

MATERIALS AND METHODS

Study design

Data on costs of each individual treatment were 
based on interviews with employees in the general 
hospital in Izola, Slovenia. The interviews were 
conducted between January 2013 and December 
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2013. General hospital information systems do not 
prescribe the costs per patient, but at the aggregate 
level. On this basis by using certain keys we cal-
culated and redistributed all the different types of 
direct costs for two alternative treatments: firstly, 
among separate departments within the hospital, 
and secondly, to a specific group of procedures 
that are performed by particular departments.
Data on the results of treatment or on the collecti-
ve standard of the quality of treatment have been 
obtained by the use of questionnaires, which were 
distributed among all the patients that underwent 
knee arthroscopy surgery in the observed gene-
ral hospital in 2013. A questionnaire was given 
to 211 patients before they were discharged from 
the hospital, and then all of them responded with 
completed questionnaire within 14 days. We focus 
on the two selected methods of treatment: the first 
treatment is exercised by a classical department of 
surgery in a general hospital and the alternative is 
modelled for the outpatient treatment.
For the research purposes of this study, we obtai-
ned the consent of the person responsible for the 
usage of hospital information and the consent of 
patients.  The anonymity of the obtained data and 
information was absolutely guaranteed. Medical 
data and patients’ responses were used exclusively 
for research purposes. All patients were informed 
about the study in advance. Patients who were 
unable to give consent were not included into the 
study. The consent for the study was also given by 
the Ethics Committee of General Hospital Izola. 

Methods

Cost-utility analysis was applied for determining 
the economic evaluation of medical programs. 
The new alternative treatment is considered do-
minant if it is simultaneously cheaper and more 
effective than the treatment already in use. In this 
case, the introduction of the new alternative into 
healthcare system is entirely rational. The cost-
utility equation for a homogenous unit of effici-
ency at lower cost was defined as:
(Variables:C1 =costs of the alternative tre-
atment 1;C2 =costs of the alternative treatment 
2;QALY1=effects of alternative treatment 
1;QALY2= effects of alternative treatment 2) 
(QALY, quality-adjusted life years). 
When the ratio between the costs and effects of 
the alternative treatment 2 is greater than the ratio 

between the costs and effects of the alternative 
treatment 1, the alternative treatment 1 is more 
effective than the alternative treatment 2.
Cost of the treatment was analyzed with regards 
to the payer’s aspect, which includes the direct 
costs of the individual alternative treatment in the 
cost-utility analysis. The direct costs were mea-
sured with a collective standard for expressing 
the alternative treatments; the desired effects 
were quality-adjusted life years.
Treatment cost calculation. The costs of the 
treatment from the aspect of the payer of health 
services included only direct costs of individual 
kinds of treatment, which present a burden to the 
health fund. The social costs outside of the he-
althcare system and costs of productivity loss (2) 
were not included in our analysis. Direct costs of 
individual alternative treatment were considered 
in the cost-utility analysis. They represent only the 
costs directly connected with health condition and 
medical treatment (3) and can be divided in three 
categories: direct material costs, direct labor costs 
and cost of depreciation. Direct costs were defined 
as a unit of labor costs, depreciation costs and ma-
terial costs for the selected alternative treatment.
Labor costs were defined as the annual costs of 
labor leasing, which a health organization pays to 
the employees in exchange for their work. Costs 
of depreciation were calculated for the tangible 
and intangible fixed assets, which were conver-
ted into business effects during individual acco-
unting periods. Material costs were defined as the 
cost for purchase of medicines, medical material 
costs and costs of other consumable materials. 
Direct costs could be presented as a total sum of 
costs of the primary elements in the business pro-
cess: (Variables: C = direct costs; Qi = the amo-
unt of business element I; pi = purchase price for 
one unit of business element i; n = the number of 
different elements of the business process.
Calculation of the treatment effects. Utility 
represents an individual health preference for 
a particular state of health condition as a factor 
that encompasses prolonged survival and health-
connected quality of life. Its value occupies a 
position between 0 (the worst health condition 
possible) and 1 (perfect health). 
For assessing the extent of quality-adjusted life 
years (QALY), EQ-5D instrument was selected 
to compare two different treatments. EQ-5D is 
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the least complicated instrument, which responds 
to different alterations in health status. EQ-5D is 
easily understood and realizable in a relatively 
short period of time. It is also very sensitive to 
alterations that can indicate a relatively severe 
deterioration of average health condition (12). 
The EQ-5D is a standardized instrument, used for 
routine health outcome measures. This instrument 
is able to define the quality of life on the basis of 
5 dimensions (mobility, self-care, daily activities, 
pain / discomfort, anxiety / depression). Each di-
mension can be further divided into three different 
categories: category “no difficulties”, “several 
difficulties”, and “severe difficulties”. Different 
values can be assigned to each of the basic five 
dimensions: 1(no difficulties), 2 (several diffi-
culties), 3 (severe difficulties). There are 35=243 
different possible health conditions (12,13). He-
alth outcome, with the EQ-5D instrument, can be 
presented as a medical profile of an individual, 
expressed with a single number, which describes 
the health condition of the selected individual.

RESULTS

The empirical results were for the observed ge-
neral hospital, which supervises the extent of the 
implementation of acute treatments that patients 
experienced according to the group methodology 
of comparable cases. In 2013, the hospital depar-
tment of surgery performed 211 knee arthroscopy 
surgeries. Our results cover this population of pa-
tients as a whole. All direct labor, depreciation and 
material costs are for knee arthroscopy surgery. 

Labour costs

Labor costs are analyzed separately, based on nine 
different profiles of employees that actively parti-
cipated in the execution of a treatment: specialists 
in surgery, specialists in anesthesiology, registered 
nurses, practical nurses, surgical nurses, anesthetic 
technicians, laboratory technicians, other medi-
cal workers, and other non-medical workers. The 
costs of labor were calculated for an individual 
treatment activity as the average gross salary and 
the average gross hourly rate for each employee 
profile. The latter and the time spent for the execu-
tion of knee arthroscopy surgery treatment in the 
hospital are used to calculate labor costs. Table 1 
displays the activities and labor costs for the two 
treatments in the same hospital.

Department
First treatment Second treatment

I II I II
Reception Office 2 1.15 2 1.15
Department of Traumatology 16 37.04 8 20.92
Laboratory 2 5.90 0 0
Department of Anesthesiology 1 8.75 0 0
Department of Surgery 15 290.62 14 86.19
Surgical Critical Care 9 81.02 6 63.50
Total 45 424.48 30 171.76

Table 1. Labor costs for the two alternative treatments

I, number of activities; II, labor costs (euro)

Depreciation costs

The depreciation costs of fixed assets are estimated 
on the basis of the data obtained from the hospital. 
The depreciation costs for fixed assets are calcula-
ted for real estate values and value of equipment 
and other tangible fixed assets for appliances and 
medical equipment. The value of real estate is 
correlated with the size of the surface of chosen 
facilities, which is essential for the implementa-
tion and duration time of the chosen activities. 
The real estate value is calculated per one square 
meter. Three percent annual depreciation rate was 
taken into account. On the basis of the annual de-
preciation costs of real estate are calculated for 
each individual hour. This is then multiplied with 
the size of the surface of chosen facilities, which 
is used for performing the activities, and with the 
time needed for the execution of the chosen acti-
vities to obtain the depreciation cost of real estate 
for one knee arthroscopy surgery. The depreciation 
costs of appliances and equipment are calculated 
taking into account the costs of equipment and 
other tangible fixed assets, and the duration of the-
ir usage for individual activities. The depreciation 
rate of appliances is specific for each individual 
appliance. The 20% depreciation rate is applied for 
equipment. On the basis of the annual depreciation 
costs of appliances and equipment are calculated, 
the depreciation costs of appliances and equipment 
per hour. The obtained result was multiplied by the 
time necessary for performing the individual acti-
vities to obtain the depreciation costs of appliances 
and equipment for one knee arthroscopy surgery. 
Table 2 displays the activities and the depreciation 
costs for the knee arthroscopy surgery in the gene-
ral hospital for the two selected treatments. 

Material costs

To calculate the value of material costs, the 
collected information on the purchase prices of 
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medicines, medical supplies and consumable go-
ods is used. The displayed material costs depend 
on the execution of the knee arthroscopy surgery 
in the hospital. The number of activities and va-
lue of material costs for the two selected alterna-
tive treatments are shown in Table 3. 

Quality-adjusted life years

The fundamental purpose of medical service is not 
only to prolong the anticipated length of life, but 
to improve the quality of life. The quality-adjusted 
life years has been frequently discussed in the last 
few years as a measure for determining the effects 
of different alternative methods of treatment on the 
quality and quantity of life.  When discussing the 
life quality in health economics, we aim to include 
those aspects of life principally connected with he-
alth. We do not consider other essential sources of 
contentment, like social relations, satisfaction with 
our work or self-affirmation.  
Table 5 demonstrates the values and measures 
of quality-adjusted life years for the first alter-
native treatment. The average value of inpatient 
treatment when measuring quality-adjusted life 
years is 0.58 QALY. The median is 0.60 and the 
standard deviation is 0.158. The minimum value 
when measuring quality-adjusted life years is 0.1 
QALY, the maximum value, assessed by patients, 
amounts to 1.0 QALY.

Department
First treatment Second treatment

I II I II
Reception office 2 0.11 2 0.01
Department of Traumatology 11 1.45 8 1.67
Laboratory 9 14.79 0 0
Department of Anesthesiology 1 35.00 0 0
Department of Surgery 34 109.05 41 44.75
Surgical Critical Care 54 333.82 40 196.11
Total 120 494.22 91 242.62

Table 3. Material costs for the two treatments

I, number of activities; II, labor costs (euro)

Department
First treatment Second treatment

I II I II
Reception Office 4 0.01 4 0.01
Department of Traumatology 24 0.13 14 0.08
Laboratory 4 0.36 0 0
Department of Anesthesiology 2 0.32 0 0
Department of Surgery 28 5.62 26 1.14
Surgical Critical Care 8 5.25 6 4.16
Total 70 11.69 30 5.39

Table 2. Depreciation cost of fixed assets for the two treatments

I, number of activities; II, labor costs (euro)

Total cost of treatment

Table 4 presents the differences between the costs 
of the first and second alternative treatments, 
according to individual categories of direct costs 
and their alterations that are directly connected 
with both treatments. All categories of costs dis-
play the values of direct costs raised for the exe-
cution of one knee arthroscopy surgery. 
The total direct costs of treatment for both alter-
native treatments consist of labor costs, depre-
ciation costs of fixed assets and material costs. 
The total amount of labor costs for the first al-
ternative treatment is equivalent to 424.49 euro, 
while 171.77 euro for the second alternative tre-
atment. The introduction of the second alternati-
ve treatment would therefore reduce the costs by 
59.53%. The depreciation cost of fixed assets for 
the first alternative treatment amounts to 11.68 
euro, but only amounts to 5.39 euro for the se-
cond alternative treatment or would be reduced 
by 53.85%. The amount of material costs for the 
first treatment for a knee arthroscopy surgery is 
494.22 euro, but only 242.64 euro for the second 
treatment or would be reduced by 50.9%.

Num. Mean Median Mode SD Min Max
Value 211 9.19 9.00 9 1.583 5 14
QALY 211 0.58 0.60 0.6 0.158 0.1 1.0

Table 5. Quality-adjusted life years for the first treatment

Num., number of observations; SD, standard deviation; Min, mini-
mum; Max, maximum; QALY, quality-adjusted life years

Category of costs I II
Labor costs 424.48 171.76
Depreciation costs 11.68 5.39
Material costs 494.22 242.64
Total 930.38 419.79 

Table 4. Costs of the two treatments

I, costs for the first treatment (euro); II, costs for the second tre-
atment (euro)

We could not obtain the measure of QALY for 
the second alternative treatment on the grounds 
of interviewing selected patients, since the con-
ducted knee arthroscopy surgeries in the obser-
ved hospital are executed only on the basis of 
the first inpatient treatment. The second alterna-
tive treatment, which supports the outpatient tre-
atment, is generally in practice by the advanced 
health care systems (6,7,9). Outpatient treatment 
can have very similar effects as classical inpati-
ent treatment. Outpatient treatment can be safer 
and of higher quality (17), which suggests that 
the QALY measures could not be lower for the 
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second alternative treatment. In our cost-utility 
analysis, we have used the same measures of 
QALY for the second alternative treatment than 
for the first inpatient treatment. Therefore, we 
assume that the average measure of QALY for the 
second alternative treatment is also 0.58 QALY.
The cost-utility analysis equation distinctly in-
dicates that the relation between the costs and 
effects of the first treatment equals 1,604.12 euro/
QALY, while for the second alternative treatment 
equals 723.79 euro/QALY. The second alternati-
ve treatment is preferable on the grounds of cost 
justification and also on the basis of cost-utility 
analysis, as it offers similar extent of efficiency 
as the first treatment.

DISCUSSION

Two alternative treatments for knee arthrosco-
py are evaluated, comparing costs and effects. A 
systematic analysis is needed for an effective he-
alth care management when deciding whether to 
implement a new type of treatment comparing the 
already existing treatment and the potential one. 
The definite goal of treatment should be to impro-
ve the patient’s health condition and quality of life.
The direct costs of the existing knee arthros-
copy surgery amount to 930.39 euro, while the 
alternative treatment costs amount to 419.80 
euro. Similar results were presented by nume-
rous other studies – they clearly show that ope-
rations performed within the frame of outpati-
ent treatment in a hospital reduced the costs of 
treatment for approximately 4.000 $ per patient 
(14). In our case the second alternative treatment 
would significantly reduce labor costs, deprecia-
tion costs and material costs. Similar conclusi-
ons have been reached by several other authors, 
who acknowledge that outpatient treatment re-
duces labor costs, operating theatre costs, costs 
of admission and remaining indirect costs (15). 
Such alterations are possible because certain 
activities are excluded from the second alterna-
tive, and the performed activities require fewer 
appliances and less equipment, since hospital 
stays last for a shorter period of time (16). With 
the implementation of the second alternative the 
preparation of a referral for hospitalization and a 
referral for laboratory tests and anesthetic over-
view can be avoided. Blood testing, anesthesia 
findings and laboratory findings are no longer 

necessary. Consequently, otherwise necessary 
diagnostic analysis, analysis of deviations and 
decision on operation can be avoided. Patients, 
who are staying in a hospital, do not need to wait 
for the surgery to be performed. Patients would 
be conscious after the surgery, thus the activiti-
es needed to awaken the patient can be avoided. 
Costs of the implementation of anesthesia, costs 
of relocation to a different department and costs 
of observation of the patient are reduced due to 
the different organization of work. The imple-
mentation of the second alternative would reduce 
the total cost by 54.88%. Numerous other studies 
confirm our findings; their results acknowledge 
that outpatient treatment reduces average costs of 
treatment from 17.6% to 57.6% in comparison to 
classical inpatient treatment (14-16).
The quality-adjusted life years (demonstrated 
by the QALY) are assumed to be equal for both 
analyzed treatments. Outpatient treatment can 
offer similar effects as the classical inpatient 
treatment. Based on the literature, clinical re-
sults show an equal or even higher success rate 
of outpatient treatment, which is safer and of 
higher quality, due to shorter hospital stays, low 
mortality incidence and the low number of read-
missions (6,9,17). Patients are enabled to swiftly 
return to their home environment, which can con-
tribute to the satisfaction with the performed ope-
ration (18). The QALY measures thus cannot be 
of a lower value than the existing treatment, and 
the second alternative treatment should also be 
implemented. The QALY measure for both tre-
atments equals 0.58.
The quality-adjusted life years are also in favor 
of the second alternative treatment. The cost sa-
vings, which are not a consequence of reduced 
quality, are of the utmost importance not only for 
the hospital’s budget, but also for the payer of he-
alth services and for the fiscal policy. Measures, 
based on economic and medical principles and 
designed to control the costs of treatment, can 
play an important role in optimizing the effici-
ency of the health care system management and 
its sustainability (19).
This paper contributes to the analysis of the 
cost-benefit optimization of medical treatments. 
Between the two analyzed treatments, the second 
outpatient treatment for knee arthroscopy is more 
effective with regard to the costs.
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The clinical pathway is used to describe the who-
le process of treatment. A written record of the 
process is the insurance that the patient receives 
required treatment under defined and monitored 
costs. This is necessary to ensure that the expen-
ditures for health services are carefully moni-
tored to ensure a carefully managed use of the 
available assets and auditing over the allocation 
of sources to achieve the cost optimization of the 
health care system.  The approach can contribu-
te to rationalization in health care system in the 
times of economic and financial hardships that 
have already demanded cost reductions in the he-
alth care system. 
The saving of financial resources can be used 
for introducing new technologies, shortening the 
long queues and for providing health services of 
even higher quality. The cooperation of the who-
le medical team and the inclusion of the cost-uti-
lity analysis results are important analytical tools 
for the cost and clinical optimization to provide 
quality health care services. 
Further studies of cost-utility could be developed 
for other hospitals and other medical treatments, 
which are carried out in the classical departments 
of general hospitals in Slovenia. A realization 
of clinical pathways on the national level wo-
uld contribute to the optimization of the health 
care system and the standardization of medical 
treatments of patients with the same diagnosis or 
medical condition (11). The similarity of medical 
treatments in developed and Western European 
health care systems is already used within the fra-
mework of outpatient treatment, which includes 
monitored surgical and gynecological procedures 
(19). They do not require hospitalization of the 
patients being operated, but only postoperative 
observation or observation for the performed 
procedure. The economic evaluation of medical 
programs would enable us to analyze approxima-
tely three quarters of surgical procedures to be 

carried out within the surgical and gynecological 
departments in general hospitals.
In conclusion, our results show that direct costs 
of surgical procedure of knee arthroscopy add 
up to 930.39 euro when using the first alterna-
tive method of treatment. The second method of 
treatment in comparison costs 414.80 euro. The 
implementation of the second alternative method 
of treatment would therefore reduce total direct 
costs by 54.88%. The second alternative, which 
includes outpatient treatment, is fundamentally 
more cost-effective than the first method inclu-
ding classical inpatient treatment. If a hospital 
decided to implement the outpatient method of 
knee arthroscopy treatment, hospital cost savings 
would be significant, not only for the surgical de-
partment, but for the hospital as a whole.
Our analysis introduces a thorough comparison 
of inpatient and outpatient treatment of knee ar-
throscopy. We came to the conclusion that out-
patient surgical procedures can bring numerous 
potential advantages, such as lower costs and 
unchanged or improved medical outcomes, when 
compared to the classical method of outpatient 
treatment, which ensures patients are hospitali-
zed. The results show outpatient treatment does 
not sacrifice quality in order to reduce hospital 
costs. Outpatient knee arthroscopy treatment is 
a cost-efficient and safe alternative of treatment 
for patients who are not at risk for postoperative 
complications. In accordance with our findin-
gs, we fulfilled the main objective of our study, 
which was to thoroughly examine the cost and 
results of medical outcomes of the two chosen 
alternative methods of treatment.
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ABSTRACT 

Aim To compare intubation conditions and hemodynamic res-
ponse of two induction regimens, with or without muscle relaxant 
using a combination of either fentanyl and propofol or propofol 
and suxamethonium. 

Methods A total of 80 children aged 4-12 years were enrolled in a 
prospective randomized double-blinded study. Children were ran-
domly allocated in two equal groups. In group F induction was 
done with fentanyl and propofol, while propofol and suxamet-
honium were used in group S. Intubation conditions were asse-
ssed using Copenhagen Consensus Score (CCS),  based on ease 
of laryngoscopy, position of vocal cords, degree of coughing, jaw 
relaxation and limb movements. Systolic blood pressure (SBP), 
diastolic blood pressure (DBP), mean arterial pressure (MAP) and 
heart rate (HR) were observed at preinduction, postinduction and 
postintubation at 1, 3 and 5 minute.

Results Clinically acceptable CCS was found in 95% of patients 
in group F versus 100% in group S. Intubation conditions were 
excellent in 85%, good in 10% and poor in 5% of patients in group 
F. In the group F, signifficantly lower SBP and MAP  postinduction 
and postintubation at 1 and 3 minute, and  lower DBP postinducti-
on and postintubation at 1 minute (p<0.05) was found comparing 
to group S. In group S, significantly higher postinduction and po-
stintubation HR at 1 minute was found comparing to group F (p 
<0.05). 

Conclusion Induction combination fentanyl-propofol provide 
acceptable intubation conditions comparable with suxamethonium 
in children. This induction regimen ensures better hemodynamic 
stability associated with endotracheal intubation. It could be re-
commended for intubation when muscle relaxants are not indicated.

Key words: pediatric anesthesia, fentanyl, propofol, neuromuscu-
lar block, suxamethonium
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INTRODUCTION 

Endotracheal intubation (ETI) is the best way to 
ensure secure patient’s airway and  to maintain 
control of adequate respiration during general 
anesthesia. In pediatric patients, a safe and gentle 
intubation is crucial. Children have a faster respi-
ratory frequency, decreased FRC and decreased 
compliance. The oxygen consumption is higher, 
but respiratory reserve is low in children. All tho-
se factors may increase the risk of hemoglobin 
desaturation during short periods of apnea (1). 
Neuromuscular blocking agents (NMBD), de-
polarizing or non-depolarizing were introduced 
in clinical practice to facilitate laryngoscopy 
and ETI in 1942. Depolarizing muscle relaxants 
act as acetylcholyne receptor agonists, whereas 
non depolarizing muscle relaxants function as 
competitive antagonists (2). The NMBD require 
special attention in pediatric anesthesia because 
their effects in children may differ from those in 
adults.  Average doses of NMBD in children are 
used on mg/kg, but it is important to know that 
children have more extrajunctional receptors in 
skeletal muscles so they are more prone to risk of 
prolonged neuromuscular blockade (3). 
Suxamethonium has been preferred agent for 
ETI for many years. Its advantages include fa-
ster onset of reliable muscle relaxation (30-40“) 
and spontaneous and short reversal duration of 
action, typically less than 10 minutes (4). A re-
commended dose is 1 mg/kg. However, suxamet-
honium has potential and harmful side-effects 
such as malignant hyperthermia, hyperkalemia, 
bradycardia, cardiac arrest, increased intraocular 
and intracranial pressures, rhabdomyolysis and 
masseter muscle spasm (5). In patients with low 
cholinesterase activity or genetically aberrant 
enzyme, it can induce prolonged paralysis (6). 
It is contraindicated in burns and caution should 
be used in patients with neuromuscular disorders 
(7). There is a risk of anaphylaxis too (8). The 
clinicians were motivated to find an alternative 
to suxamethonium in pediatric anesthesia becau-
se of its side effects. At the same time, several 
changes have occurred that have reduced or avoi-
ded long acting muscle relaxant for short surgical 
procedures (9). The most common indications 
for not using NMBD in children include the risk 
for malignant hyperthermia and postoperative 
nausea and vomiting, brief radiologic or painful 

procedures when rapid recovery is needed (MRI, 
bone marrow aspiration, gastrointestinal endos-
copy), frequent repeated anesthesia, neurosurgi-
cal procedures to assist with control of intracrani-
al pressure and for cerebral metabolic protection, 
surgical intervention in which muscle relaxation 
is not necessary (10). Rajan et al. recommended 
ETI without muscle relaxants in children under-
going cleft surgery and keeping them spontaneo-
usly breathing while securing the airway (11).
A combination of induction of hypnotic agent 
and some of  the opioid agents such as fentanyl, 
alfentanil or sufentanil without the use of muscle 
relaxant, was recommended by many investiga-
tors for safe and successful ETI (12,13). Phar-
macokinetics and pharmacodynamics of fentanyl 
have shown to blunt pressor response to laryn-
goscopy and intubation 5-7 min after admini-
stration (14). Fentanyl may be a suitable agent 
for ETI (15). Propofol  as an induction agent has 
shown better intubation conditions than thiopen-
tal at the first point, better jaw relaxation and atte-
nuation of laryngeal reflex (16). All previous stu-
dies recorded very different results depending on 
the protocol used (various drugs for premedicati-
on, different opioid agents, the combinations of 
different doses of propofol and opioids, different 
chronology of application of intravenous agents), 
and consequently the best study design and inve-
stigators consensus have not been found yet.
In this study, we hypothesized that the combi-
nation of propofol 3mg/kg and fentanyl 3 µg/kg 
can be a useful alternative to suxamethonium and 
provide good conditions for ETI in children. The 
aim of this study was to compare intubation con-
ditions with suxamethonium as muscle relaxant 
that achieves optimal ETI versus induction of 
anesthesia with fentanyl and propofol, as well as 
to compare hemodynamic response of ETI with 
suxamethonium versus fentanyl and propofol. 

PATIENTS AND METHODS

Patients and study design

This prospective randomized, double-blind cli-
nical study was carried out in the Department 
of  Anesthesiology and Intensive Care Unit at 
the Cantonal Hospital in Zenica. The study took 
place over the period of three months, between 
February and May 2016. The study protocol was 
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approved by the Ethics Committee of the Can-
tonal Hospital in Zenica. After obtaining written 
informed consent of the patients’ parents, 80 chil-
dren were enrolled in the study. All children un-
derwent  ETI for various routine elective surgical 
procedures in the supine position. 
Inclusion criteria were children aged 4-12 years 
without predictive signs of difficult intubation, 
and grade I and II according to physical status 
classification system of the American Society of 
Anesthesiologists (ASA) (17). 
Exclusion criteria were history of cold, patients 
with cardiopulmonary, neuromuscular, renal or 
hepatic disease, potentially difficult intubation, 
neurosurgical and ophthalmic operations, history 
of allergy to any of study drugs, emergency sur-
gery, patients with increased risk of aspiration 
and patients with abnormalities of the upper 
airway (tumor, polyps, inflammation).
A careful preanesthetic visit was conducted the 
day before surgery. Patients’ pulse rate, blood 
pressure, respiratory rate, EKG and other rele-
vant clinical signs and symptoms were noted by 
detailed history and clinical examination.
Patients were allocated randomly into two inducti-
on groups of 40 patients: Group S (control group) 
included the patients in which anesthesia inducti-
on and ETI were performed with suxamethonium 
and propofol, and group F (study group) included 
the patients in which anesthesia induction and ETI 
were performed with fentanyl and propofol. Pati-
ents were randomized by a physician not involved 
in the study, using closed envelopes technique.
In the preanesthesia room, an intravenous cannu-
la of 22G or 24G was inserted to all patients. In 
the operation room, standard clinical monitoring 
was performed: pulse oximetry, noninvasive ar-
terial blood pressure, the electrocardiogram and 
capnography. 

Methods

After the start of infusion fluids in a dose of 10 
mL/kg, the same premedication was given to 
both patient groups: midazolam 0.05 mg/kg and 
atropine 0.01 mg/kg intravenously, 5 minutes pri-
or induction.
Patients in the S (control) group were preoxyge-
nated by facial mask for 3-5 minutes.  Five mi-
nutes after premedication, patients were induced 

by propofol 3mg/kg over a period of 30 seconds 
followed by suxamethonium 1mg/kg; ETI was 
performed 60 seconds later.
Patients in the group F (study group) received five 
minutes after premedication fentanyl intravenously 
over 30 seconds. Because it takes 5-7 minutes for 
fentanyl to equillibrate plasma and brain concen-
trations we waited for five minutes after giving 
fentanyl solution and then the children received 
propofol 3mg/kg over the period of 30 seconds; 
2% lidocaine 0.2 mg/kg was added to propofol to 
avoid pain of propofol solution. After administra-
tion of fentanyl patients were observed for the de-
velopment of unconsciousness, apnea and oxygen 
desaturation and 100% oxygen was administrated 
by facial mask; ETI was performed 60 seconds 
after hypnotic doses of propofol. When trachea 
could not be intubated because of muscle spasm, 
coughing or excessive movements, iterative bolus 
of propofol 1mg/kg was administered in both pa-
tient groups. If ETI was not successful after two 
attempts, suxamethonium 1mg/kg was given to  
complete intubation.
In both groups, ETI was performed by a single 
experienced anesthesiologist not involved in the 
anesthetic regimen and blinded to the drugs used 
in the study. Pediatric laryngoscope with Macin-
tosh blade was used for laryngoscopy (Macintosh 
blade 2, Teleflex/Rüsh, Germany). Trachea was 
intubated with an appropriate size cuffed trache-
al tube. The patients were ventilated with 100% 
oxygen by facial mask before intubation. After 
intubation, balanced anesthesia was maintained 
as necessary for each case. Mechanical ventilation 
was done with a tidal volume of 8-10 mL/kg and 
the rate of 20-25 respirations per minute. End tidal 
carbon dioxide was maintained 30-35 mmHg.

Assessment of quality of intubation conditions 

The quality of intubation condition was assessed 
by using The Copenhagen Consensus Confe-
rence score (CCS) (18). The  qualitative scoring 
system was proposed by the consensus conferen-
ce on Good Clinical Research Practice in Phar-
macodynamic Studies of  Neuromuscular Bloc-
king agents. The score includes five variables: 
jaw relaxation (relaxed, ↑tone or rigid), ease of 
laryngoscopy (easy, slight resistance, impossible), 
position and movements of vocal cords (open, 
moving, closed), limb movements (none, slight, 
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severe) and coughing (none, ≤2, ˃2 cough).  Each 
of these variables were graded as excellent, good 
or poor. The intubation conditions were labeled as 
excellent if all variables were excellent, good if 
all variables were good or excellent, poor if any 
variable was poor. Excellent and good intubation 
conditions are considered as a clinically accep-
table intubation condition score. Poor intubation 
condition is taken as clinically unacceptable score.

Assessment of hemodynamic response of ETI

The following hemodynamic monitoring was 
made: pulse oximetry by BCI international, me-
asurements of heart rate (HR), systolic blood 
pressure (SBP), diastolic blood pressure (DBP) 
and mean arterial pressure (MAP). Each of these 
variables were noted at the following time points. 
The baseline values (t0) were taken for preinduc-
tion measurements at 1 minute after the admini-
stration of atropine, postinduction measurements 
(ti) immediately after the administration of induc-
tion drugs, and postintubation measurements at 1 
(t1), 3 (t3), 5 (t5) minutes after intubation.

Statistical analysis

Sample size was estimated using sample size cal-
culator software with 95% confidence interval 
and power of 80%. The p< 0.05 was considered 
as statistically significant. Pearson’s Chi-Squared 
test was used to compare of the categorical varia-
bles. The change in continuous parameters and 
its statistical significance was tested by applying 
Levene’s Test for Equality of Variances and T-test 
for Equality of Means. The results was expressed 
us means, standard deviation and percentage.

RESULTS 

There was no significant difference between de-
mographic data of two patient groups: age, gen-
der, body weight, ASA grade and type surgery. 

Statistical analysis of the overall CCS 

The CCS was clinically acceptable in 38 (95%) 
children and unacceptable in 2 (5%) children, in 
group F, versus clinically acceptable CCS in 40 
(100%) children in group S (p=0.152). 
Intubation conditions were excellent in 34 (85%), 
good in four (10%) and poor in two (5%) children 
in group F versus excellent in 39 (97.5%) children 
and good in one (2.5%) child in S group. Easy 

laryngoscopy was noted in 38 (95%) and fair in 
two (5%) patients in F group versus all 40 (100%) 
patients in S group. Vocal cords were opened in 
35 (87.5%), moved in three (7.5%) and closed 
in two (5%) patients in group F versus opened in 
39 (97.5%) and moved in one (2.5%) patient in S 
group. Cough was not recorded in 38 (95%), ≤2 
cough in one (2.5%) and ˃2 cough in one (2.5%) 
child in group F, versus no cough in all 40 (100%) 
patients in S group. Jaw relaxation was noted as 
relaxed in 38 (95%) and higher tone in two (5%) 
children in group F. The same result was noted 
in group S. Limb movements were not recorded 
in the any group. The ETI was performed in the 
first attempt in 38 (95%) children and  the second 
one in two (5%) children. Both of them belonged 
to group F and they had poor intubation conditi-
ons and unacceptable overall CCS. One child had 
more than two cough and iterative bolus dose of 
1mg/kg propofol was administered to facilitate 
intubation. In another case, the child had closed 
vocal cords and suxsamethonium 1 mg/kg was gi-
ven to achieve intubation. There were no children 
with laryngospasm, bronchospasm, chest rigidity, 
hypoxia, difficult mask ventilation, postoperative 
nausea and vomiting, prolonged respiratory depre-
ssion or any others complications (Table 1).

Parameter Patient group No (%) of patients according to 
the CCS p

Laryngos-
copy

 Easy Fair Impossible  
Fentanyl 38 (95) 2 (5) 0  

Suxamethonium 40 (100) 0 0 0.152

Vocal cords
position and 
movements

 Opened Moving Closed  
Fentanyl 35 (87.5) 3 (7.5) 2 (2.5)  

Suxamethonium 39 (97.5) 1 (2.5) 0 0.20

 
Cough

 None ≤2 cough > 2 cough  
Fentanyl 38 (95) 1 (2.5) 1 (2.5)  

Suxamethonium 40 (100) 0 0 0.359

 
Jaw relaxa-
tion

 Relaxed ↑ Tone Rigid  
Fentanyl 38 (95) 2 (5) 0  

Suxamethonium 38 (95) 2 (5) 0 1.000

 
Limb mo-
vement

 None Slight Severe  
Fentanyl 40 (100) 0 0  

Suxamethonium 40 (100) 0 0 1.000

 
CCS

 Exellent Good Poor  
Fentanyl 34 (85) 4 (10) 2 (5)  

Suxamethonium 39 (97.5) 1 (2.5) 0 0.126

Overall 
CCS
assessment

 Accepta-
blee

Unaccep-
table  

Fentanyl 38 (95) 2 (5)  
Suxamethonium 40 (100) 0 (0)  0.152

Table 1 . Comparison of  Copenhagen Consensus Scoring 
(CCS) system variables
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Results of hemodynamic changes during intubation

Statistically significant differences were not re-
corded between the mean basal values  of all ob-
served hemodynamic parameters.
Significant decrease of the SBP mean was noti-
ced for postinduction (10.4%) and postintubati-
on at 1 (8.96%) and 3 (6.8%) minute in group 
F (p<0.05). In the S group, SBP showed a slight 
increase from the base line to other time points, 
but there was not statistical significance.
A significant decrease of the DBP was noted for 
postinduction (19.8%) and postintubation at 1 
(12.4%) minute in group F (p<0.05). Increase of 
the mean DBP was not statistically significant in 
the group S. 
Statistically significant decrease of the MAP was 
noticed in the group F (p<0.05) at postinduction 
(19.9%) and postintubation at 1 minute (11.4%) 
and 3 minute (5.3%). In the group S an increase 
of the MAP was noticed but with no statistical 
significance.
The mean HR was not significantly changed du-
ring ETI in the group F. In the group S, a statisti-
cally significant increase at postinduction (11.8%) 
and postintubation at 1 minute (9%) was found.
The hemodynamic conditions were much better 

controlled in the study group.  Data recorded a 
statistically significant decrease of the SBP, DBP, 
MAP postinduction and postintubation at 1 and 
3 minute. Bradycardia, hypotension or other he-
modynamic complications did not occur (Table 2).
The mean SpO2 was excellent (100%) in both gro-
ups, without significant changes during the study.

DISCUSSION

The present study investigated intubation conditi-
ons and hemodynamic responses for ETI with and 
without the use of muscle relaxants in children. 
Our results suggest that the combination of the 
propofol 3mg/kg and fentanyl 3µg/kg provided 
clinically acceptable CCS for ETI in 95% patients 
and better hemodynamic stability compared with 
the standard combination of the propofol- suxa-
methonium in healthy premedicated children.
The ETI intubation without muscle relaxants has 
been often investigated during the last 25 years. 
In 1992, following a report on cardiac arrest, the 
USA Food and Drug administration recommen-
ded to use the suxamethonium only for emergency 
and rapid sequence intubation in children (19).  
Suxamethonium creates the best intubation condi-
tions and has superior acting to rocuronium (20). 
However, the mentioned adverse effects are not 
acceptable in the current anesthesia practice (21).
The NMBD have slow onset and prolonged action 
which is not useful in short surgical procedures and 
rapid sequence induction. Studies of ETI without 
muscle relaxants have focused on intubation con-
ditions, hemodynamic responses, intraocular and 
intracranial pressure (22). The advance of shorter 
acting opioid agents in combination with propofol 
has been used successfully for ETI. Keaveny et al. 
was one of the earlier investigators who approved 
that propofol 2.5 mg/kg could provide acceptable 
intubation conditions in 95% of patients without 
muscle relaxant application (23). Propofol causes 
profound respiratory depression and apnea, indu-
ces depression of upper airway reflexes and reco-
very is more rapid and pleasant than thiopental. 
1% lidocaine is used to minimize propofol injec-
tion pain, which is unlikely in children (24). But  
propofol used alone could not achieve optimal in-
tubation conditions (25).
Additional administration of opioids or lidocaine 
improved intubation conditions. Lidocaine used as 
adjuvant attenuates intraocular pressure response, 
cough and hemodynamic changes to ETI (26). Va-

Parameter* Patient group
p

Fentanyl (Mean) Suxamethonium (Mean)
SBP
SBP0 111.50 115.05 0.164 
SBPi 95.45 121.45 0.000
SBP1 100.85 119.88 0.000
SBP3 104.73 114.08 0.009
SBP5 106.48 112.03 0.061
DBP
DBP0 67.08 67.65 0.780
DBPi 53.80 73.30 0.000
DBP1 58.73 71.10 0.000
DBP3 63.53 69.93 0.062
DBP5 64.45 66.95 0.401
MAP
MAP0 82.30 83.18 0.683
MAPi 66.08 89.38 0.000
MAP1 73.95 88.08 0.000
MAP3 78.03 83.93 0.057
MAP5 80.93 82.00 0.713
HR
HR0 109.85 110.40 0.882
HRi 107.30 123.20 0.000
HR1 110.08 120.30 0.004
HR3 116.95 118.68 0.584
HR5 116.50 119.65 0.338

Table 2.  Comparison of hemodynamic parameters changes 
at various time intervals

*SBP, Systolic blood pressure; DBP,  Diastolic blood pressure;  MAP, 
mean arterial pressure; HR, heart rate; X0, basal value (preinduction); 
Xi, after induction; X1, 1 min postintubation; X3, 3 min postintubati-
on; X5, 5 min postintubation;

Rizvanović et al.  Induction with and without muscle relaxant
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rious opioids like fentanyl, remifentanil, sufentanil 
improved intubation conditions and blunted he-
modynamic response to laryngoscopy and ETI (27). 
Naziri et al. concluded that the combination of 
remifentanil and propofol provided acceptable in-
tubation conditions and better hemodynamic res-
ponse than suxamethonium in children (28). Ada-
mus et al. founded that 0.4µg/kg sufentanil and 2 
mg/kg propofol combination provided acceptable 
intubation conditions in 97% patients (29).
Fentanyl, which we used in the present study,  has 
a rapid onset, short duration and effective abolis-
hing pressure response to ETI. Both bradycardia 
and postoperative pain less frequently appeared 
with fentanyl than remifentanil (30). The combi-
nation of propofol and fentanyl for ETI without 
muscle relaxant was evaluated for different occa-
sions, like cesarean sections, for pediatric fibe-
roptic intubation and for patients with myasthe-
nia gravis (31-33).
Induction dose of fentanyl suppressed, while the 
dose of 6 µg/kg completely abolished pressure 
response for ETI (34). Large doses of fentanyl 
can lead to muscular rigidity, bradycardia, nausea, 
vomiting or postoperative respiratory depression 
(35). For these reasons, we chosed a smaller dose 
of fentanyl, 3 µg/kg, and we did not record any 
adverse effects. Fentanyl provides more consistent 
attenuation pressor response than lidocaine (36).
The investigators evaluated various doses of pro-
pofol. Gupta reported that a dose of 3-3.5 mg/
kg of propofol produced acceptable intubation 
conditions and hemodynamic stability (37).  Pro-
pofol dose of 3µg/kg with 2 µg/kg fentanyl and 
1.5 mg/kg of lidocaine achieved acceptable intu-
bation conditions and attenuation stress response. 
It seems that the addition of lidocaine allowed to 
use smaller dose of fentanyl (38). 
Based on the results of previous studies, we used 
3µg/kg of fentanyl 5 minutes before application 
of 3 mg/kg of  propofol. Our results have shown 
clinically acceptable CCS in 95% cases in fen-
tanyl group. We avoided muscular rigidity and 
respiratory incidents using lower dose and slow 
injection of fentanyl (39) and sedation with mi-
dazolam (40). Midazolam in premedication cau-
sed very similar basal hemodynamic values, but 
during the study we observed better control stress 
response in fentanyl group.
Our study has some specific points. We used lower 
doses of fentanyl without any topical anesthetic 

in order to avoid cough reflex. Antiemetic drugs, 
medication to alert pressor response to ETI, and 
inhalation induction agents were not used. Simi-
larly to our results, Shaik and Bellagalli reported 
acceptable CCS in 95% of patients in fentanyl gro-
up and 100% in suxamethonium group (41). Shah 
observed the actual response of propofol and fen-
tanyl, without premedication and recoded accep-
table conditions for ETI in 87% of patients (42).  
Contrary to our results, Leitaut et al combined a 
lower dose of propofol of 2.5 mg/kg 3 minutes 
after application of 3 µg/kg of fentanyl, and they 
reported clinically acceptable CCS in only 35% of 
patients (43). Other investigators also found that 
combination of low dose fentanyl with propofol 
provided poor intubation conditions (44,45).
Different results between the studies are a con-
sequence of different protocols which they used. 
Anesthesiologists have to formulate optimal 
combination of drugs concerning doses of diffe-
rent agents and their proper timing, a relaxant-
free technique for ETI (46). Authors analyzed 
incidence of laryngeal injuries related to relaxant 
free-technique. Some of them did not find a diffe-
rence between the approach with and without 
muscle relaxant (47,48). Combes et al. reported 
that ETI without muscle relaxants increased diffi-
cult intubation (49). In our study, we did not have 
any case of difficult intubation.
Our study has some limitations. Obtained results 
refer only to healthy children. Inclusion of the 
children with higher ASA grade or younger than 
4 year might be required to optimize the inducti-
on protocol. Furthermore, airway damage related 
to the approach with and without muscle relaxant 
was not observed. 
In conclusion, the combination of 3µgr/kg of fen-
tanyl and 3mg/kg of propofol ensures clinically 
acceptable Consensus Copenhagen Score in 95% 
of patients for endotracheal intubation in preme-
dicated and healthy children and provide better 
hemodynamic conditions than the combination 
propofol-suxamethonium. This method could 
be used effectively and safely in children when 
muscle relaxants are not indicated.
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Uvjeti za endotrahealnu intubaciju sa i bez mišićnog relaksanta 
kod djece
Nermina Rizvanović, Senada Čaušević, Adisa Šabanović
Služba za anesteziju i intenzivnu njegu, Kantonalna bolnica Zenica, Zenica, Bosna i Hercegovina

SAŽETAK

Cilj Usporediti intubacijske uvjete i hemodinamski odgovor kod dva indukcijska protokola, sa i bez 
primjene mišićnog relaksanta, koristeći kombinaciju fentanila i propofola ili propofola i suksametonija.
Metode Osamdeset djece, u dobi od 4 do 12 godina, uključeni su u prospektivnu, randomiziranu, dvo-
struko slijepu studiju. Djeca su randomizacijom podijeljena u dvije jednake grupe. U grupi F indukcija 
je izvedena fentanilom i propofolom, dok su propofol i suksametonij korišteni u grupi S. Intubacijski 
uvjeti procijenjeni su Kopenhagenskim konsenzus-skorom (CCS), koji se zasniva na lakoći laringosko-
pije, položaju glasnica, stepenu kašlja, relaksaciji vilice i pokretima usana. Sistolni krvni pritisak (SBP), 
dijastolni krvni pritisak (DBP), srednji arterijski pritisak (MAP) i srčana frekvencija (HR) praćeni su 
prije indukcije, poslije indukcije i poslije intubacije u 1, 3. i 5. minuti. 
Rezultati Klinički prihvatljiv CCS zabilježen je u 95% pacijenata u grupi F, a 100% u grupi S. Intuba-
cijski uvjeti bili su odlični u 85%, dobri u 10% i loši u 5% pacijenata u grupi F. U grupi F zabilježen je 
statistički značajno niži SBP i MAP poslije indukcije i poslije intubacije u 1. i 3. minuti i niži DBP po-
slije indukcije i poslije intubacije u 1. minuti u odnosu na grupu S (p<0,05). U grupi S zabilježen je sta-
tistički značajno veći HR poslije indukcije i poslije intubacije u 1. minuti u odnosu na grupu F (p<0,05).
Zaključak Indukcijska kombinacija fentanil-propofol osigurava prihvatljive uvjete za intubaciju, us-
poredive sa suksametonijem kod djece. Ovaj indukcijski protokol osigurava bolju hemodinamsku sta-
bilnost pridruženu endotrahealnoj intubaciji. Može se preporučiti za intubaciju kada mišićni relaksanti 
nisu indicirani.
Ključne riječi: pedijatrijska anestezija, fentanil, propofol, neuromišićni blok, suksametonij
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ABSTRACT

Aim To define direct anatomical relations of the sphenoidal (alae 
minores), ethmoidal sinuses and optic nerve, with an emphasis on 
determining the effect of age on pneumatisation and dehiscence.

Methods This retrospective, descriptive study involved 60 conse-
cutive patients: 30 patients younger than 30 and30 patients older 
than 60 years of age. All patients underwent computerized tomo-
graphy (CT). The relationship of the optic nerve and the spheno-
idal and ethmoidal sinuses was classified. The presence of dehis-
cence in the bone structures, forming the optic canal, was checked. 
Dehiscence was defined as absence of visible bone density located 
between the sinus and the optic nerve. Protrusion of the optic ner-
ve into the sphenoidal sinus was defined as optic nerve surrounded 
by pneumatised space. 

Results The most common type of relation between the optic ner-
ve and sphenoidal sinus was type I, where the optic nerve was 
immediately adjacent to the lateral or superior wall of the spheno-
idal sinus, without impression on the sinus wall. Dehiscence was 
documented in 15 (25%) cases, it was more common in older pati-
ents (8, 27%) than in younger ones (7, 23%). The pneumatisation 
processes were more frequent in patients over 60 (5, 17%) than in 
those younger than 30 years (4, 13%).

Conclusion Surgeons and ophthalmologists should be aware of 
high frequency of dehiscence of sphenoidal sinus walls when tre-
ating adult patients in our population, especially when evaluating 
risks and complications of surgical procedures or when diagnosing 
inflammatory or tumorous processes in the close vicinity of poste-
rior paranasal sinuses. 

Keywords: ethmoid sinus, sphenoid sinus, intraoperative compli-
cations
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INTRODUCTION

The sinonasal tract and orbit are often the over-
lapping fields of otolaryngology and ophthalmo-
logy (1), sometimes reffered to as a “no man’s 
land” in which otolaryngologists feel as uneasy 
in the orbit as ophthalmologists do in the nose 
(2). The anatomical variations of the posterior 
paranasal sinuses greatly affect the choice of 
surgical approaches when operating within their 
anatomical region, and can influence the cha-
racter of postoperative complications. Anatomic 
or radiologic variations, especially dehiscences 
related to disease or previous surgery come as 
an important risk factor for complications of en-
doscopic surgery (3).
Pre-intervention assessment of sphenoid sinus 
pneumatization is mandatory in approaching the 
sella and skull base structures either via the nose 
or open skull base surgery to avoid injury of the 
nearby structures and reduce the possibility of 
CSF leakage (4).
Within the optic canal, the fibers of the optic 
nerve are very close to the sphenoidal sinus ca-
vity, which leaves them exposed to mechanical 
or inflammatory processes, especially if there is 
dehiscence in the bone walls of either the optic 
canal or the sphenoidal sinus, or if the canal wall 
is particularly thin (5-13). There are numerous 
reports of variations of anatomy of posterior pa-
ranasal sinuses and optic nerve (15). The optic 
nerve often bulges into the superior-lateral wall 
of the sphenoid sinus, with different frequenci-
es found in literature, ranging from 8 to 100% 
(16). The canal of the optic nerve protrudes into 
the sphenoid sinus by half of its diameter in 8% 
cases, and in 1% of cases large lateral recess 
of the sphenoid sinus (well pneumatized ante-
riorclinoid processes) passes partially “freely” 
through the sphenoid sinus or through a posteri-
or ethmoidal sinus (17).
The prevalence of anatomical variations (18) 
of posterior paranasal sinuses differs in various 
populations. It is clear that development of the 
paranasal sinuses is directly linked with the de-
velopment of the facial part of the skull and with 
dentition (19), but it is not clear when it finishes 
definitely. The development of paranasal sinu-
ses should be definitely over in persons older 
than 60 (20-23). There were no similar studies 

published on this topic among the population of 
Bosnia and Herzegovina (B&H).
The aim of this study was to determine direct 
anatomical relationships between the sphenoidal 
and ethmoidal sinuses and the optic nerve in Ze-
nica Cantonal Hospital, especially related to age 
(comparision of persons younger than 30 with 
those over 60 years of age). 

PATIENTS AND METHODS

Patients and study design

The study was performed at the Department of 
Radiology,Cantonal Hospital, Zenica, Bosnia 
and Herzegovina (B&H) between January 1, 
2012 and December 31, 2012. The investigation 
was approved by the Director of the Hospital.
The research was conducted using a pool of 
60 consecutive patients undergoing CT exa-
mination of head regardless of the diagnosis: 
30 patients were younger than 30, 30 patients 
were older than 60 years of age. Anatomic re-
lations of the optic nerve and the sphenoidal 
and ethmoidal sinuses, level of sphenoid pneu-
matization, presence of dehiscence in the bone 
structures that form the optic canal, protrusion 
of the optic nerve into the sphenoidal sinus ca-
vity were investigated.

Methods

All patients underwent computerized tomo-
graphy (CT) scans. The patients were scanned 
using the Somatom Definition AS (Siemens, 
Erlangen Germany) according to the following 
parameters: slice thickness – 1 mm, rotation 
time 0.6 seconds. The obtained scans were di-
rect axial CT scans beginning with the frontal 
sinus and ending with the hard palate. Multipla-
nary reconstructions, created using an evaluati-
on console were used during the analysis and 
enabling the review of the images in the coronal 
and sagittal plane as well. 
The relationship of the optic nerve and the sphe-
noidal and ethmoidal sinuses was classified 
based on the criteria developed by De Lano et 
al. (15): type I – the optic nerve is immediately 
adjacent to the lateral or superior wall of the 
sphenoidal sinus without impression on the si-
nus wall, type II – the course of the nerve is the 
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same, but there are indentations on the lateral 
sphenoidal sinus wall, type III – the optic ner-
ve courses through the sphenoidal sinus rather 
than simply run adjacent to it, and type IV – the 
nerve runs immediately lateral to the posterior 
sphenoidal and ethmoidal sinuses, with the con-
tact to the ethmoidal sinus usually located at the 
sphenoethmoidal junction.
A greater wing of a sphenoid is pneumatized 
when pneumatization is visible laterally of the 
vertical line that goes through maxillary nerve 
canal (24). The level of sphenoid pneumatizati-
on could be classified in 3 stages: pneumatizati-
on type I in which less than 50% of the sinus is 
pneumatized, type II with more than 50% but not 
totally pneumatized sinus, and type III in which 
the sinus is totally pneumatized (25).
The presence of dehiscence in the neighboring 
bone structures, forming the optic canal, was 
checked in every patient. Dehiscence was defi-
ned as the absence of visible bone density located 
between the sinus and the optic nerve. Certain ca-
ses, in which there was no possibility of clearly 
determining whether the bone density is comple-
tely absent, or so thin that it is almost invisible, 
were also regarded as dehiscence.
Protrusion of the optic nerve into the sphenoidal 
sinus cavity was noted in every case in which 
the optic nerve was surrounded by pneumati-
sed space (24). Examinations of pneumatisation 
were limited to the lesser wings of the sphenoid 
(alae minores).

Statistical analysis

The data were analyzed by the means of descrip-
tive statistics and by using χ2 test to evaluate 
the association between the anatomic variants. 
p<0.05 was accepted as statistically significant. 
Bilateral and unilateral differences were evalua-
ted separately.

RESULTS

The research was conducted using a pool of 60 
patients: one half of them was younger than 30, 
while the other half was older than 60. The first 
group of patients comprised 17 (57%) males and 
13 (43%) females, and the second comprised 16 
(54%) males and 14 (47%) females. The average 
age was 27.67 and 64.45 years, in the first and 
second group, respectively.

The following variations in the relationship of 
the sphenoidal sinus and the optic nerve were 
detected: type I was observed in 21 (70%) pati-
ents belonging to the first group, and 22 (73%) 
patients belonging to the second one. Indentati-
ons in the sphenoidal sinus walls were present 
in four (13%) patients in the first group (in three 
males and one female, 18% and 8%, respecti-
vely), and in three (10%) patients in the second 
group (two males and one female, 12% and 7%, 
respectively). Protrusion of the optic nerve into 
the sphenoidal sinus was detected in five (17%) 
patients in younger than 30 (one male and four 
females, 6% and 31%, respectively). The older 
group of patients also comprised five (17%) pa-
tients with protrusion (two males and 3 females, 
12% and 21%, respectively) (Table 1).

Age group 
(No)

No (%) of patients
I type II type III type

Both 
sides Right Left Both 

sides Right Left Both 
sides Right Left

Younger than 30 years
Males 
(17) 13 (76) - - 2 (12) - 1 (6) - 1 (6) -

Females 
(13) 8 (61) - - - 1 (8) - - 3 (23) 1 (8)

Older than 60 years
Males 
(16) 12 (76) - - - 1 (6) 1 (6) - 1 (6) 1 (6)

Females 
(14) 10 (72) - - - 1 (7) - - 1 (7) 2 (14)

Table 1. Variations of positions of optic nerve and sphenoidal 
sinus

Pneumatisation in the lesser wings of the spheno-
id was found in four (13%) patients (three males 
and one female, 18% and 8%, respectively) in 
patients younger than 30 years, and in five (17%) 
patients older than 60 years (two males and three 
females, 12% and 21%, respectively) (p=0.72).
In the patients younger than 30, unilateral dehis-
cence of sphenoidal sinus wall was detected in 
eight (27%) patients (four males and three fema-
les, 24% and 23%, respectively). In one male a 
bilateral dehiscence was diagnosed.
In older than 60 years, dehiscence of the sphe-
noidal sinus wall was detected in eight (27%) 
patients (three males and five females, 19% and 
36%, respectively). One of the female patients 
had bilateral dehiscence (p=1.00).
The younger group of patients was found to conta-
in only two of the four types of relationships of the 
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optic nerve and the sphenoidal and ethmoidal si-
nus: type I was found in three (10%) patients (two 
males and one female, 12% and 8%, respectively); 
type II was found in one (6%) male patient.
The older group of patients had only one type of 
relationship between the optic nerve and the po-
sterior paranasal sinuses matching type I in the 
first group of patients (one male).

DISCUSSION

The results of our study have confirmed a gre-
at deal of variability on the relationship of the 
optic nerve and the posterior paranasal sinuses. 
Dehiscence in minor wing of sphenoid was fo-
und in 25% of the patients and was more frequ-
ently found in the group of patients older than 
60, in comparison with the group of patients 
younger than 30, 26% vs. 23%. Dehiscence in 
the sphenoidal sinus wall was found in 27%, 
being more frequent in female patients of the 
older group than in the group of female pati-
ents as a whole. Our results concerning this 
closely relate to the results found in the availa-
ble literature (15).
The processes of pneumatisation were also sli-
ghtly more frequent in the older group of patients 
compared to the younger group (26% vs 13%) 
in this study, which corresponds with the results 
other researchers in which pneumatisation of alae 
minor was encountered in 11 – 29.3% (15, 26).
Research about the anatomical variations of the 
sphenoidal sinus using CT have not yet clearly 
defined radiological diagnostic criteria. Due to 
a very wide spectrum of anatomical variations, 
sometimes it is very difficult to distinguish nor-
mal anatomy from pathologic processes (15). 
These variations still can be classified, which 
helps in distinguishing normal anatomy from 
pathologic processes. 
Using the classification provided by DeLano et 
al. (15), our results did not differ much from the 
other authors’ findings, e.g. I and II type of rela-

tion positions of optic nerve and sphenoidal si-
nus, while there were some differences in case of 
type III. The available literature shows a varying 
presence of type III in different studies, ranging 
from 6% to 65% (15,27,28) with the correspon-
ding percentage in our study being 17%.
Our research also detected variations in the re-
lationship of the optic nerve and the posterior 
paranasal sinuses. The optic nerve was found 
to be in direct contact with the ethmoidal sinus 
wall in 3-10% of the cases (percentages taken 
from the second and the first group of patients, 
respectively). Literature on this subject mention 
percentages varying from 5.9% to 7% regarding 
the presence of this variation (15,29,30).
In 56 – 76% of individuals, the optic nerve 
does not come into contact with the bone walls 
of the posterior paranasal sinuses. The remai-
ning cases are such that the nerve is either in 
direct contact with them or located within their 
cavity (15,26,28). Some studies have shown 
connections between the anatomical relati-
onship of the optic nerve and paranasal sinuses 
and ethnicity (30,31).
Our study revealed a large variability of the 
anatomical relationship of the optic nerve and 
the posterior paranasal sinuses in our popula-
tion. Otorhinolarynogologists, neurosurgeons 
and ophthalmologists have to bear in mind that 
every forth adult patient has dehiscence of sphe-
noidal sinus walls, especially when evaluating 
risks and complications of surgical procedures 
or when diagnosing inflammatory or tumorous 
processes in the close vicinity of posterior pa-
ranasal sinuses. The CT is a valuable radiologic 
method for evaluation of anatomical positions 
and pathological processes.
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Anatomske varijacije paranazalnih sinusa i optičkog živca
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SAŽETAK 

Cilj Definirati direktne anatomske odnose klinaste kosti (mala krila), etmoidalnih sinusa i optičkog 
živca, s naglaskom na određivanje utjecaja starenja na pneumatizaciju i dehiscenciju.

Metode U retrospektivnu deskriptivnu studiju bilo je uključeno 60 konsekutivnih pacijenata: 30 paci-
jenata mlađih od 30 godina i 30 pacijenata starijih od 60 godina. Svim pacijentima je urađena komp-
juterizirana tomografija i utvrđena relacija odnosa sfenoidalnog i etmoidalnog sinusa. Istraživano je 
prisustvo dehiscencije u koštanim strukturama koje formiraju optički kanal. Dehiscencija je definirana 
kao odsustvo vidljive koštane mase između sinusa i optičkog nerva. Protruzija optičkog živca u sfe-
noidalni sinus je definirana kada je zamijećeno da je optički nerv okružen pneumatiziranim prostorom.

Rezultati Najčešći odnos optičkog živca i sfenoidalnog sinusa bio je tip I, u kojem je optički živac bio 
neposredno uz lateralni ili gornji zid sfenoidalnog sinusa, bez utiskivanja u zid sinusa. Dehiscencija 
je ustanovljena u 15 (25%) slučajeva, a bila je češća u starijih (8,27%) u odnosu na mlađe pacijente 
(7,23%). Pneumatizacija je bila češća u pacijenata starijih od 60 godina (5,17%) u odnosu na mlađe od 
30 godina (4,13%).

Zaključak Hirurzi i oftalmolozi trebali bi biti svjesni visoke učestalosti dehiscencije zida sfenoidalnog 
sinusa pri liječenju odraslih pacijenata u bosanskohercegovačkoj populaciji, osobito pri evaluaciji rizika 
i komplikacija hirurških procedura ili pri dijagnosticiranju inflamatornih ili tumorskih procesa u nepo-
srednoj blizini paranazalnih sinusa.

Ključne riječi: etmoidalni sinus, sfenoidalni sinus, intraoperativne komplikacije
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ABSTRACT 

Aim To examine two methods of extracting risks for undetected 
type 2 diabetes (T2D): derived from electronic medical record 
(EMR) and family medicine (FM) assessment during pre-con-
sultation phase. All risks were structured  in three lists of  pati-
ents’  data  using Wonca International Classification Committee 
(WICC). Missing data were detected in each list. 

Methods A prospective study included  a group of 1883 patients 
(aged 45-70) identified with risks. Risks were assessed based on 
EMR for continuity variables and FM’s assessment for episodes of 
disease and personal related information. Patients  were categori-
zed with final  diagnostic test in normoglycaemia, impaired fasting 
glycaemia and undetected T2D.

Results Total prevalence of diabetes was 10.9% (new 1.4%), of 
which 59.3% were females; mean age was 57.4. The EMR risks 
were hypertension in 1274 patients (yes 67.6%, no 27.9%, missing 
4.4%), hypolipemic treatment in 690 (yes 36.6%, no 30.9%, miss 
32.5%). In the episodes of disease: gestational diabetes mellitus 
in 31 women (yes 2.8%, missing 97.2%). Personal information: 
family history of diabetes in 649 (yes 34.5%, no 12.4%, missing 
53.1%), overweight  in 1412 (yes 75.0%, no 8.4%, missing 16.6%), 
giving birth to babies >4000g in 11 women (yes 0.9%, missing 
99.1%). Overweight alone was the best predictor for undiagnosed 
type 2 diabetes, OR: 2.11 (CI: 1.41-3.15) (p<.001). 

Conclusion Two methods of extraction could not detect data for 
episodes of the disease. In the list of personal information,  FMs 
could not assess overweight  for one in six patients and family 
history for every other patient. The study can stimulate improving 
coded and structured data in EMR. 

Key words: primary care, electronic records classification, pre-
consultation phase
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INTRODUCTION

Family practitioners require comprehensive and 
accurate data about patients at the point-of-care if 
they are to provide high quality health care to their 
patients. It is recommended that all patients who are 
at risk for undiagnosed type 2 diabetes  (T2D) must 
be screened in three year interval period (1-3). The 
most accepted method is opportunistic screening in  
primary care setting as a continuous process during 
usual care. It involves personalized approach of 
screening  patients  at-risk who visit family medici-
ne (FM) for reasons not related to the condition for 
which screening is offered (4,5).  The base for per-
sonalized medicine includes data about bioinforma-
tics sets and their dynamics, genetic, environmental 
and lifestyle data. Dynamics of personalized data  
determines whether risk (or risks) will turn into 
the disease (6-9). Although there are suggestions 
that diabetes can be prevented and treated through 
early detection, lifestyle intervention and treatment, 
opportunistic screening for diabetes has not been 
adopted as a part of routine practice. 
In order to make screening a part of routine 
practice FMs need a simple process of finding 
patients at risk derived from family practice 
electronic medical records (EMR), which mostly 
contain routine data via the continuity of care 
(1-3). However, much of important information 
about risks is still missing in the EMRs because 
they are not related to data in continuity of care 
and patients’ visits to FM . These data provide 
extra information for predefined conditions such 
as unknown T2D (6,8,9).  
For risks that are not in the EMR, FMs need to 
collect them using other methods of detection: in-
terviews during usual consultations (burdens the 
consultation), „paper and pencil“ questionnaires 
in waiting rooms (unreliable), whose performan-
ce depends on the use of existing health service, 
but they are likely to be more acceptable, cost 
less and are less time-consuming to administer. 
Finnish Diabetes Risk Score (FINDRISC) (que-
stionnaires for „healthy“ people) can be effective 
in population without diabetes assessment risk. 
Another  (mostly complementary) method of risk 
detection is FM estimation from continuity of 
care during pre-consultation phase (9,10, 13-16). 
The reasons for lacking data about risks in EMR 
could be they were not detected and collected, 
or because they are not sufficiently coded and 

structured in a retrievable way (8-12). Despite a 
lot of research about methods of data detection, 
little is known about where improvements in data 
collection are needed (17,18).  Wonca Internatio-
nal Classification Committee (WICC)  suggested 
three lists of structured personalized patient in-
formation in EMRs at their conference (7,11,12). 
Recommendations for coding were given as a re-
sult of long discussion in WICC work groups as 
important elements of quality care in family prac-
tice and EMRs (7). The study  of missing risks for 
opportunistic screening in family medicine was 
not done in transitional health care settings. 
The aim of this study was to examine two met-
hods of extracting risks for undetected T2D deri-
ved from EMRs and FM assessment during pre-
consultation phase of opportunistic screening. 
All risks were structured in three lists of patients’ 
individual data using WICC classification. Mi-
ssing data were detected in each list. 

PATIENTS AND METHODS

Patients and study design

A prospective CroDiabGP study, which was a 
part of CroMaKo study (Croatia, Macedonia and 
Kosovo), was conducted in the setting of 23 FMs 
in Croatia in period 2010-2011. Each FM had 
high-level experience working in primary care 
and had been working with the same population 
for at least 5 years. All practices used the same 
EMR program and sent data to the national Cen-
tral Health Information System (CEZIH). The re-
gistration of diagnoses was based on the electro-
nic version of the International Classification of 
Disease-10 (ICD-10). Procedures in health care 
process were transcribed in the adopted electro-
nic version of the International Classification of 
Primary Care-2  (ICPC codes-2). Prescriptions 
were coded in Anatomical Therapeutic Chemical 
(ATC) index. 
The study protocol and materials were approved 
by the Ethic Committee of the Ministry of He-
alth, Healthcare Law of the Republic of Croatia 
(NN 121/03)  and Patients’ Rights Law of the Re-
public of Croatia (NN 169/04).

Methods

Two methods to extract risks were used: derived 
EMR and FMs estimation.
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All risks were  translated  into a set of three li-
sts of patient information according to the re-
commendations of the WICC classification: con-
tinuous variables (age, gender, diabetes mellitus, 
hypertension, hyperlipidemia), episode of the 
disease (gestational diabetes and other diabetes 
in acute disease and iatrogenic diabetes), and per-
sonal related information (overweight, family hi-
story positive for diabetes, giving birth to babies 
>4000 gr.) (7,12). 
The first step was to create a list of patients aged 
45-70 at the beginning of the data collection (De-
cember 1, 2010).  Patients with previously dia-
gnosed diabetes mellitus (E10, E11) were  exclu-
ded from the list. 
Extraction of continuous risks noted in the EMR: 
treated hypertension and lipid metabolism disor-
ders were defined as receiving antihypertensive 
or hypolipidemic medication within one month 
prior to collecting data - coded yes. If the risk 
was determined in the referent interval they were 
coded no (there  is no risk now). If patients never 
had their blood pressure or lipid levels measured 
they were encrypted as – coded missing. 
The second method of risk extraction was FM 
estimation in the list of episodes of disease, e.g, 
gestational diabetes. These data were coded as 
yes, no or missing.
Personal information was collected by general 
practitioner’s risks estimation: weight information 
was collected by FM crude assessment of weight 
or if there was data about weight or obesity from 
the EMR, family history positive for diabetes 
mellitus and  delivering a baby with birth weight  
>4000g. Data were coded as yes, no or missing.  
This subgroup of patients with the risk was en-
couraged to have biometric measurements per-
formed during the next independent visit in the 
study period (2,10). 
Patients were divided into categories according 
to the values of biometric tests (2,10). 

Biochemical analyses

Fasting plasma glucose was measured in capi-
llary blood samples (cFPG) after overnight fa-
sting (8-12h) using a plasma calibrated glucome-
ter (CONTOUR/ISO standard-15197:2003 with 
95% accuracy). Patients with positive cFPG in 
the first measurement: >6.1 to 6.9 and  ≥7.0 were 

invited back for the second cFPG measurement 
after at least two weeks. 
Diabetes classification criteria were defined 
on the basis of cFPG values: normoglycemia 
(NG) - cFPG <6.0mmol/L, and impaired fasting 
glycaemia (IFG) - FPG ≥6.1-6.9 mmol/L in two 
independent measurements. Undiagnosed T2D: 
cFPG ≥ 7.0 mmol/L in two independent mea-
surements.
Derived risk for categories NG  and undiagnosed 
T2D was calculated. 

Statistical analysis

The EMR derived risks and estimated risks accor-
ding to FM assessment in the pre-consultation pha-
se were grouped into category yes. Confirmed risks 
with values in referent interval or if  FM  knew that 
there was no risk were grouped into category no. If 
the risk was not analyzed or FM  had no data about 
a certain risk, they were grouped into the category 
missing. The descriptive analysis was used for 
standard variables: mean, standard deviation, mini-
mum and maximum. Categorical variables, episo-
des of the disease and other information about pa-
tients were expressed in number and percentages.  
χ2 test was used to define the association between 
unknown diabetes and code yes of all risks. The 
level of significance was accepted as 5%.

RESULTS

Data for 1883 patients identified with risks for 
undetected T2D in the pre-consultation phase, 
and those who were categorized during the study 
period in the final diagnostic test, e.g.  NG, IFG 
and T2D were analyzed.
A total of 1280 (68%) patients had normo-
glycemia, 184 (9.8%) patients had previously 
unknown T2D (range inter practice was: 7.1% 
-13.8%), and 419 (22.2%) were with IFG. After 
a correction prevalence of diabetes in total target 
group was 10.9% (new ones 1.4%).
In the subgroup of 1883 patients aged 45-70 there 
were 767 (40.7%) male and 1116 (59.3%) female 
patients. Mean age was 57.4 (SD 7.4) years. 
Sources of data for EMR –derived risk were: 
1274 (67.6%) patients with hypertension, 690 
(36.6%) with lipid metabolism disorders, gestati-
onal diabetes in 21 (1.9%) women, overweight in 
69 (3.7%) patients. Additional risk assessment by 

Vrca Botica et al. Missing risks in opportunistic screening for T2D
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FMs included family history of diabetes found in 
649 (34.5%), overweight in 1343 (71.3%), giving 
birth to babies >4000 g in 11 (0.1%), and gestati-
onal  diabetes  in 10 (0.9%) women. 
Patients with normal values of risks that entered 
the subgroup because they had other determined 
risks, were also detected in the EMR: normal 
blood pressure in 526 (27.9%), normal lipid le-
vel in 581 (30.9%). The FMs estimated that 158 
(8.3%) patients had normal body weight and 234 
(12.4%) negative family history for diabetes.  
Missed set of data in FM assessment were data 
about gestational diabetes for 97.2% of 1116 wo-
men FM. For 99.9% of women FMs could not 
assess if they delivered babies >4000 g. For one 
of six (313; 16.6%) patients they could not assess 
body weight. The FMs could not assess family 
history for nearly half of the patients. (Table 1)

DISCUSSION

Focus of this work was not on the contribution 
risk to detect unknown T2D in subgroup of pa-
tients, but to examine methodology for detec-
ting risks using a combination of two methods 
of extraction in the  pre-consultation phase in 
the setting of FM office. Detection of risks for 
unknown type 2 diabetes in FM settings was the 
first step required for intervention. In this study it 
was convenient, simple, economical, did not bur-
den the consultation and was easy so that FMs 
team members could perform it.
Using this methodology we discovered that one 
of ten patients with the risk in targeted popula-
tion  had undiagnosed T2D. After the correction 
for age group population (45-70), a contribution 
to total prevalence of DM was 1.4%. In literature 
the contribution to prevalence of newly detected 
T2D ranged from 0.7 to 3.0% (1-5, 16).
The EMR was an important source of data as 
it mostly contains routine data collected via the 
continuity of care such as: age, gender, detected 
diabetes mellitus, hypertension, dyslipidemia. 
In WICC classification those are grouped in the 
continuous variable (7,11,12). 
Two methods of extraction (EMR and FM asse-
ssment) in the pre-consultation phase could not 
detect information coded in episodes of the dise-
ase - gestational diabetes in 1085 (97.2%) women. 
The  data from personal information, data about 

giving birth to babies >4000 g in 1105 (99.0%) 
women could not be detected. In literature those 
data are mostly  marked as missed and are gene-
raly not included in the analysis (16).
The EMR and FM assessment did not detect one 
of six overweight patients (19,20) and for every 
other patient they could not assess family history 
(21-23). In this study we did not analyze the sensi-
tivity (proportion of overweight and obese patients  
identified as overweight and obese by their FMs, 
and specificity (the proportion of normal weight 
patients whom FM  estimated as normal weight). 
We want to emphasize that personal combination 
of individual risks for every patient is important, 
because more risks contribute to undetected T2D 

Characteristics

Extractions of risks

pEMR deri-
ved risk
No (%)

Estimation 
of FMs 
No (%)

Missing
No (%)

Continuous variables (ICD -10 codes)
Age (years) (mean, 
SD) 57.4 (7.4) 0.09

Gender <0.001
Males 767 (40.7)
Females 1116 (59.3)
Previously known 
diabetes mellitus 
(E10,E11) in age 
45-70 (range inter 
practice) 

1 264
(9.5%)
(7.1%

(13.8%)

184
(9.8)*

Antihypertensive 
treatment (I10, I11) 83 (4.4) <0.001

Yes 1274 (67.7)
No 526 (27.9)
Hypolipidemic 
treatment (E78)

612
(32.5) 0.181

Yes 690 (36.6)
No 581 (30.9)
Episodes of DM
GDM and other 
episodes (O24.4)

1085 
(97.2) No odder†

Yes 21 (1.9) 10 (0.9)
No
Other information of patients
Overweight: Obesity 
(E66) 313 (16.6) <0.001

Yes 69 (3.7) 1343 (71.3)
No 158 (8.3)
Family history of 
DM (Z83.3)

1000
(53.1) <0.002

Yes 649 (34.5)
No 234 (12.4)
Birth weight babies> 
4000 gr 

1105
(99.0) No odder†

Yes 11 (0.9)
No

Table 1. Data of subgroups with risks, aged 45-70, according 
two methods of extraction in pre-consultation phase

*New detected T2D; †Not determined because of large number of 
missing data 
DM, diabetes mellitus; GDM, gestational diabetes mellitus; EMR, 
electronic medical record; FM, family medicine; ICD-10, Internatio-
nal Classification Disease
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if they are aggregated in one person. For exam-
ple, patients >45 years, overweight and with ge-
netic predisposition had undetected T2D in 50%. 
They were unaware of their diagnosis although 
85% had access to primary care providers as the 
first point of contact for health related problems 
(8,9). For this most common group of patients 
with unknown T2D, FMs  had only age registered 
as a risk factor. All of these data (apart from body 
weight) are inalterable (17, 23, 24). 
This research contributes to structuring of risks 
according to recommendations of WICC for the 
use of ICPC-2 in the problem list, episode of 
care and personal (or other) patient information. 
We have shown that there is a large amount of 
unregistered data in episodes of the disease and 
personal information probably because they were 
not a reason for patients’ visit to FM (7, 19-24). 
It is important to know that  it is enough to enter 
these data only once in the search list comprising 
family history of diabetes, gestational diabetes, 
giving birth to babies >4000 g  (17,24).
In order to improve the process of opportunistic 
screening in the pre-consultation phase the FMs 
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SAŽETAK 

Cilj Ispitati dvije metode ekstrakcije rizika: iz zapisa elektroničkog medicinskog kartona (EMR), te iz 
procjene liječnika obiteljske medicine (FM) za neotkrivenu šećernu bolest tipa 2 (ŠB-2), u prekonzul-
tacijskoj fazi. Strukturirati rizike prema Wonca International Classification Comittee (WICC) i utvrditi 
koje rizike ne možemo otkriti.
Metode U prospektivnoj studiji bilo je uključeno 1.883 pacijenta, dobi od 45 do 70 godina, s identifi-
ciranim rizicima za neotkrivenu ŠB-2. Rizici su otkriveni dvjema metodama: kontinuirane varijable iz 
zapisa EMR-a, rizike epizoda bolesti i personalne informacije o pacijentu prema procjeni FMs-a. Prema 
biokemijskom dijagnostičkom testu pacijenti su kategorizirani u tri grupe: normoglikemija, oštećena 
glukoza natašte i novootkrivena ŠB-2. 
Rezultati Ustanovljena je prevalencija šećerne bolesti od 10,9% (1,4% novootkrivenih), od čega kod 
59,3% žena; prosječna dob je 57,4 godina. Rizici dobiveni iz EMR-a: hipertenzija kod 1.274 pacijenta 
(„da“ 67,6%, „ne“ 27,9%, „nedostaju podaci“ 4,4%), hipolipemici u terapiji kod 690 („da“ 36,6%, „ne“ 
30,9%, „nema“ 32,5%). Procjena liječnika o epizodama bolesti: gestacijski dijabetes kod 31 žene („da“ 
2,8%, „nedostaju podaci“ 97,2%). Procjena liječnika o individualnim podacima pacijenta: pozitivna 
obiteljska anamneza na ŠB kod 649 („da“ 34,5%, „ne“ 12,4%, „nedostaju podaci“ 53,1%), prekomjer-
na tjelesna težina kod 1.412 („da“ 75,0%, „ne“ 8,4%, „nema“ 16,6%), rađanje djeteta porođajne mase 
>4.000 g kod 11 („da“ 0,9%, „nedostaju podaci“ 99,1%) pacijenata. Prekomjerna tjelesna težina ima 
statistički najbolju predikciju za neotkrivenu ŠB: OR:2,11 (CI: 1,41-3,15) (p<,001).
Zaključak Dvije metode ekstrakcije rizika nisu mogle otkriti rizike epizode bolesti. FMs nisu mogli 
procijeniti prekomjernu tjelesnu težinu u 1 od 6 pacijenata, te pozitivnu obiteljsku anamnezu u svakog 
drugog pacijenta. Studija može potaknuti na poboljšanje u unošenju i strukturiranju podataka o paci-
jentu u EMR-u.  
Ključne riječi: primarna zdravstvena zaštita, elektronska medicinska klasifikacija, prekonzultacijska faza
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ABSTRACT

Aim Carcinoid tumors of the lung are the tumors originating from 
the neuroendocrine cells. Surgical excision remains the gold stan-
dard for the treatment. Treatment with interventional bronchos-
copic excision has also been reported as an alternative option in 
typical carcinoid tumors of the lung. The aim of this study was to 
present results and outcomes in patients who were bronchoscopi-
cally treated and followed-up.

Methods Data of 14 patients, who had undergone bronchoscopic 
excision due to typical carcinoid tumor of the lung between April 
2008 and July 2015 were retrospectively evaluated. Bronchosco-
pic excision procedures were performed under general anesthe-
sia, while control bronchoscopies were carried out with flexible 
bronchoscopy. Time between the first and last bronchoscopies was 
accepted as the follow-up duration.

Results A total of 14 patients was evaluated with eight (57.1%) 
males. Mean age was 43.57±14.07 (23-68) years. The most 
common symptoms were shortness of breath and coughing. Mean 
of 5.69±3.35 (2-12) bronchoscopy procedures were performed in 
the patients during the diagnosis, treatment and follow-up. Mean 
follow-up duration was 32.0±19.22 months. At the long-term 
follow-up, two patients developed 50% stenosis and one pati-
ent developed granulation tissue in the endobronchial treatment 
site. None of the patients developed recurrence during the mean 
32-month follow-up. 

Conclusion Endobronchial treatment is a safe and successful tre-
atment method in well selected typical carcinoid tumor cases that 
are centrally located, having no radiological suspicion of local or 
distant metastasis, distally visible but not located on the bronchi 
with a wide base on bronchoscopy. 

Keywords: bronchoscopy, safety, carcinoid tumor, lung neopla-
sms, neuroendocrine tumors
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INTRODUCTION

Carcinoid tumors of the lung are low grade mali-
gnant tumors originating from the neuroendocri-
ne cells (1). These tumors are accounted for about 
1% of all primary lung tumors (2). It is reported 
that the incidence of pulmonary carcinoid tumors 
has increased in the last 3 decades and these tu-
mors are more common in Afro-American and 
Asian persons (3). This increase in incidence is 
thought to be associated with the increase in awa-
reness of the disease (3).
Neuroendocrine tumors of the lung have a wide 
range from typical carcinoid to small cell lung 
cancer. Carcinoid tumors are classified as typical 
and atypical carcinoid tumors according to mito-
sis number, architectural disruptions and necrosis 
status (4). While <2 mitoses/2 mm2 are expected 
in typical carcinoid tumors, atypical carcinoid 
tumors are expected to exhibit 2 to 10 mitoses, 
necrosis and architectural disruptions (4). 
Currently recommended gold standard treatment 
in carcinoid tumors of the lung is surgical exci-
sion (5). However, it is recommended to spare 
the pulmonary tissue as much as possible as in 
all lung cancer types (5). Therefore, recent se-
veral studies have reported that bronchoscopic 
excision might be an alternative treatment option 
for typical carcinoid tumors of the lung (6-10). 
However, patients to be planned for bronchosco-
pic excision must be carefully selected (11). 
The objective of this case series was to share the re-
sults and follow-up outcomes of endobronchial tre-
atment patients with carcinoid tumors of the lung. 

PATIENTS AND METHODS

Patients and study design

Data of the patients diagnosed and treated due to 
typical carcinoid tumors in the Yedikule Chest 
Diseases and Chest Surgery Education and Rese-
arch Hospital (Turkey) between April 2008 and 
July 2015 were retrospectively evaluated. 
Exclusion criteria for endobronchial treatment 
were: atypical carcinoid tumors, peripherally 
located carcinoid tumors, radiologically suspec-
ted local or distant metastasis or cartilage inva-
sion, failure to bronchoscopically visualize distal 
part of the lesion and being located on the airway 
with a wide base.

There were 25 patients presented due to pulmo-
nary carcinoid excisions. Four of these patients 
were excluded from the study because of suspec-
ted lymph node metastasis in the mediastinum or 
distally not visible of the lesion. Two patients had 
been previously operated for carcinoid tumors 
and presented for control bronchoscopy. Biopsy 
outcome of one patient was reported as atypical 
carcinoid tumor. These seven patients did not un-
dergo bronchoscopic excision and were excluded 
from the study. Additionally, four patients with 
typical carcinoid tumor who had undergone en-
dobronchial treatment were excluded because 
they did not continue their controls. Thus, data of 
14 patients were evaluated. 
After the diagnosis was established for typical 
carcinoid tumor, all the patients were informed 
about potential benefits and complications of 
surgical and bronchoscopic excision. Patients 
who preferred bronchoscopic excision gave a ne-
cessary written consent for rigid bronchoscopic 
intervention. Yedikule Chest Diseases and Chest 
Surgery Education and Research Hospital’s Et-
hics Committee approved the study.

Methods

Histopathologic diagnosis was established first 
with flexible bronchoscopy (Olympus Medical 
Systems, Tokyo, Japan) in six and with rigid 
bronchoscopy (Karl Storz Instruments, Ger-
many) in eight patients. All bronchoscopic exci-
sions were performed with the rigid bronchosco-
pe under general anesthesia. After the excision 
procedure, control bronchoscopies were carried 
out with the flexible bronchoscope.
All the rigid bronchoscopy procedures were per-
formed under general anesthesia. General ane-
sthesia was performed using total intravenous 
anesthesia and the patients were ventilated with 
air oxygen mixture during the procedure. During 
the flexible bronchoscopy, lidocaine was used 
for local anesthesia and midazolam for conscio-
us sedation. Argon plasma-coagulation (APC), 
laser, electrocautery, mechanical excision and 
cryotherapy were used during the endobronchial 
treatment. 
Time between the first and last bronchoscopies 
was used when calculating the follow-up duration. 
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Statistical analysis 

Mean, percentage distribution and standard deviati-
on values were calculated with descriptive statisti-
cal methods and the results were evaluated at 95% 
confidence interval and 0.05 significance level. 

RESULTS

A total of 14 patients with eight males (57.1%) 
were evaluated. No significant difference was fo-
und between genders (p=0.5). The mean age was 
found as 43.57±14.07 (23-68) years. One patient 
had ankylosing spondylitis and one had chronic 
obstructive pulmonary disease as comorbidity. 
Other patients had no comorbidity. Eight patients 
were active smokers (57.1%). 
The mean time between onset of the symptoms 
and diagnosis was found as 15.25±20.95 (0.5-60) 
months. In the medical history, four patients had 
pneumonia and the other four asthma diagnosis; 
these patients were subsequently diagnosed with 
typical carcinoid tumors (Table 1).
The lesions were found in the right bronchi-
al system in eight patients, in the left bronchial 
system in five patients, and in trachea in one pa-
tient (Table 1). 
Eleven patients received endobronchial treatment 
in a single session. The procedure was performed 
in 2 sessions in two patients and 3 sessions in one 
patient. The reason of the need for the second se-
ssion was prolongation of the procedure in one of 
two patients, who required the second session. In 

the other patient, copious purulent secretion was 
observed in distal part of the lesion, therefore the 
procedure was discontinued and subsequently 
completed after antibiotic therapy. There was 
ankylosing spondylitis as comorbidity in the pa-
tient who required excision in three sessions and 
because oxygen desaturation was developed in the 
first session, the process was discontinued. Necro-
tic tissue developed due to the first session, it was 
removed in the second session and bronchoscopic 
excision was completed in the third session. 
Radiologic and bronchoscopic images of the case 
samples are given in Figure 1. 

Patient no 
(gender) Age Symptom 

Duration Symptom Lesion location Complication during 
procedure

Complication 
during follow-up

Follow-up 
duration

1 (Male) 35 12 Hemoptysis Coughing
Dyspnea* Right main bronchus - - 68

2 (Male) 64 12 Coughing
Dyspnea Lingula - - 30

3 (Male) 47 4 Syncope
Fever† Right upper lobe Hemorrhage - 67

4 (Male) 46 6 Hemoptysis Distal trachea - - 34
5 (Female) 39 60 Dyspnea* Left main bronchus - - 45

6 (Male) 40 0.5 Coughing
Shortness of breath Right upper lobe Hypoxia Stenosis in the 

treatment area 44

7 (Male) 68 1 Hemoptysis Right lower lobe bronchus - - 31
8 (Female) 57 36 Dyspnea* Right Main Bronchus - - 22
9 (Male) 23 60 Dyspnea* Right main ronchus - - 18

10 (Female) 29 1 Coughing
Fever† Left upper lobe Ventricular extrasystole - 23

11 (Female) 28 5 Sore throat† Left upper lobe - - 38

12 (Female) 47 8 Coughing
Dyspnea Left main bronchus - - 10

13 (Female) 30 5 Chest pain Right middle lobe Ventricular extrasystole Stenosis in the 
treatment area 10

14 (Male) 57 3 Fever†
Chest pain Right intermediary bronchus - - 8

Table 1. Demographic and clinic characteristics of 14 patients with typical carcinoid tumors

*patients examined with shortness of breath and received inhaler therapy with the diagnosis of asthma; †patients presented with nonspecific 
symptoms such as syncope fever and sore throat, and diagnosed with pneumonia

Figure 1. In pulmonary tomography (A) lesion obstructing the 
right main bronchus nearly complete, polypoid lesion in the 
right main bronchus on bronchoscopy (B), view of the lesion 
treated with argon plasma coagulation (C) and subsequently ob-
tained full lumen patency (D) are observed (Çetinkaya E., 2013)

Boyacı et al. Bronchoscopic excision in carcinoid
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Four patients developed a complication during 
endobronchial treatment. Among these patients, 
ventricular extrasystole, which did not disrupt he-
modynamics during cryotherapy, was observed in 
two and hemorrhage which was controlled with 
local adrenaline in one patient. Only in one pati-
ent, bronchoscopy procedure was terminated due 
to hypoxia and completed in the third session.
Mean number of 5.69±3.35 (2-12) bronchosco-
py procedures was performed in the patients du-
ring the diagnosis, treatment and follow-up. The 
mean follow-up duration was 32.0±19.22 (8-68) 
months. None of the patients developed recurren-
ce during this follow-up duration. 
In the long-term, follow-up following endo-
bronchial treatment, two patients developed pro-
cedure related complications. Two patients de-
veloped about 50% stenosis in the excision area 
(Figure 2). Cryotherapy was sufficient in one 
and balloon dilatation in the other patient for this 
stenotic area. One patient developed granulation 
tissue in endobronchial treatment site, which was 
treated with cryotherapy and no recurrence was 
observed (Table 1).

In atypical carcinoids, regional lymph node in-
volvement is seen in about 50% and distant me-
tastasis in 25% (14), whereas in typical carcinoid 
tumors this rate is 10-15% for regional lymph 
node involvement and 3-5% for distant metasta-
sis (14). Associated with this situation, 5-year 
survival varies between 61% and 88% in atypical 
carcinoid tumors, while it is higher than 90% in 
typical carcinoid tumors (15). Therefore, attenti-
on should be paid when making a choice between 
bronchoscopic excision and surgical excision. It 
has been reported that, persons with the histopat-
hologically definite diagnosis of typical carcino-
id tumors, without any finding of extra luminal 
spread, bronchoscopically well observable and 
with central localization proper for intervention 
might be eligible candidates for bronchoscopic 
excision (16). Similarly, in our case series, seve-
ral criteria were taken into consideration when 
making the decision for bronchoscopic excision 
including all the cases being typical carcinoid 
tumors, the lesions being located in the airways, 
distal of the lesion clearly visualized and no local 
or distal metastases observed.
It is known that hemorrhage, pneumothorax and 
hypoxia may be developed during interventional 
bronchoscopy (17). It was reported in a series of 
74 cases that burn in the bronchus occurred in 
one patient as a result of the use of Nd:YAG laser 
when the patient was inhaling 100% oxygen du-
ring bronchoscopic excision (6). In their total 245 
bronchoscopic excision series with 175 carcinoid 
tumors, Cavaliere et al. reported one exitus due to 
hemorrhage (16). In our series, the procedure was 
terminated in one patient due to hypoxia and the 
excision was completed in total 3 bronchoscopy 
sessions. No other major complication, which 
would require discontinuation of the procedure 
or threat for patient’s life, was observed.
Cömert et al. endobronchially performed electro-
cautery, cryotherapy and/or APC in 6 patients 
with typical carcinoid tumors (18) and they re-
peated the procedure 3 times in 3 patients, two 
times in 2 patients and 6 times in one patient. 
The reason for repeated interventions was recu-
rrence observed in early bronchoscopic controls. 
Cryotherapy was applied after electrocautery or 
APC to the origin of the tumor (18). Neyman et 
al. applied 20 procedures in total 25 patients and 
performed Nd-Yag laser in a single session in 21, 

Figure 2. Bronchoscopic appearance of the web-like stenosis 
developed in the opening of posterior segment of the right up-
per lobe after endobronchial treatment (A), and patency ob-
tained after balloon dilatation (B) (Çetinkaya E., 2011)

DISCUSSION 

Typical carcinoids are accounted for 90% of pul-
monary carcinoid tumors (5). Typical carcinoids 
have been reported to be seen in adults at about 
45 years old (12). There are studies reporting an 
equal gender distribution, although a recent study 
with a large patient series has reported slightly 
higher incidence of typical carcinoid tumors in 
women (12,13). In our series, mean age was con-
sistent with the literature, while no statistically 
significant difference was observed between fe-
male and male patients. We think that this incon-
sistency in gender distribution might be a result 
of the relatively small number of our patients. 
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and multiple sessions in four patients; 16 of 25 
patients were endobronchially treated with laser, 
while the treatment was completed with surgery 
in nine patients because the tumor was located 
in the distal bronchial system and full cleaning 
could not be obtained with bronchoscope (6). 
In a series of 18 cases, Bertoletti et al. applied 
cryotherapy to the tumor implantation site (19). 
Cavaliere et al. included 150 patients with typical 
carcinoid tumor, performing bronchoscopic laser 
and mechanic excision in 38 patients (16). Ka-
rasulu et al. performed endobronchial treatment 
with rigid bronchoscopy and additionally APC 
in two patients with typical carcinoid tumor ha-
ving polypoid growth (20). In our study, the most 
commonly used two tools were APC and cryothe-
rapy followed by lower rates of electrocautery, 
laser and mechanic debulking. Eleven patients 
received endobronchial treatment in a single se-
ssion, while three patients received 2 or 3 sessi-
ons of treatment. The reason of repeated session 
was copious purulent secretion in one patient, 
hypoxia in one patient and prolonged procedure 
in one patient. In our study, we did not follow a 
strict method and utilized multiple adjunct met-
hods according to the clinical condition of the pa-
tients, bronchial characteristics of the tumors and 
the developments during the procedure.
In a bronchoscopic excision series of 245 benign 
lesions, more than 50% stenosis developed after 
the procedure was seen in two patients (16). In 
the other series, stenosis was reported in two of 
25 patients in long term followed up and treated 
with balloon dilatation (6). In long-term follow-
up of our patients, stenosis about 50% was seen 
in two patients that did not cause a significant 
complaint. One of these patients underwent 
balloon dilatation once and stenosis did not show 
recurrence. In the other patient, local intervention 
was made with cryotherapy two times and altho-
ugh full patency could not be provided, the pa-

tient had no clinically significant symptom. Our 
results are consistent with the literature reporting 
that although rare complications such as stenosis 
that can be easily intervened, they might be deve-
loped in long term with bronchoscopic excision.  
Most of the recurrences occur within the first 10 
years in typical carcinoid tumors, while recurren-
ces may be seen within the first 5 years in atypical 
carcinoid tumors (21). There is no consensus on 
how long cases of neuroendocrine tumors should 
be followed-up after treatment. In general, there 
are publications stating that 7-year follow-up is 
sufficient (22). It is noticed that performed en-
dobronchial treatment in 18 patients with typical 
carcinoid tumor and reported local recurren-
ce was found only in one patient at 55-month 
follow-up (19). However, recurrence was not ob-
served in 35 patients who applied curative excisi-
on with a follow-up duration between 1 and 198 
months in other case series (16). In our 14-case 
series, despite the mean follow-up duration was 
32 month (8-68), no recurrence was observed. 
Our study has some limitations including retros-
pective design, being single center, not being a 
randomized controlled study and relatively short 
follow-up duration. However, data of patients 
who have ideal conditions recommended for 
bronchoscopic excision and the follow-up durati-
on of 32 months make this study valuable.
Endobronchial treatment is a safe and succe-
ssful treatment method in well selected typical 
carcinoid tumor cases that are centrally located, 
having no radiologically suspected local or dis-
tant metastasis, not located on the bronchi with 
a wide base and distal visible on bronchoscopy.
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ABSTRACT

Aim To investigate marital adjustment in patients with rheumatoid 
arthritis and factors affecting this.

Methods A total of 32 patients diagnosed with Steinbrocker class 
1-2 rheumatoid arthritis and 32 healthy individuals from a simi-
lar age group were included. Sociodemographic characteristics, 
the Beck Depression Inventory (BDI), short–form 36(SF-36) and 
the dyadic adjustment scale (DAS) were evaluated in both grou-
ps. A visual analogue scale (VAS), the disease activity score 28 
(DAS28) and a health assessment questionnaire (HAQ) were also 
investigated in the patient group.

Results Mean ages were 46.5±9.2 years in the patient group and 
47.7±8.1 in the control group (p=0.5). No significant difference 
was determined between the two groups in terms of sociodemo-
graphic characteristics. No statistically significant correlation was 
observed between erythrocyte sedimentation rate (ESR), patient 
and physician global VAS, DAS28, HAQ and morning stiffness 
and DAS total score. Comparison of DAS subunits revealed a si-
gnificant difference in dyadic satisfaction and affectional expre-
ssion in the patient and control groups (p=0.046 and p=0.037). A 
statistically significant negative correlation was observed between 
duration of the disease and marital adjustment (p=0.01;r= -0.58).

Conclusion Due to its progressive and prolonged course rheuma-
toid arthritis can also affect individuals’ social relationships be-
sides restricted daily living activities. Activation of rheumatoid 
arthritis did not affect marital adjustment in this study, but adjus-
tment decreased with duration of the disease.

Keywords: marital relationship, rheumatic disease, disease acti-
vity
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, in-
flammatory, systemic connective tissue disease. 
It is the most common of all forms of inflamma-
tory arthritis, with a prevalence of approximately 
0.5-1% (1). It causes pain and joint restriction by 
frequently affecting the small joints of the hands 
and feet. The addition of extra-articular symp-
toms, such as fatigue, compromises patients’ da-
ily living activities and reduces their functional 
independence (2).
Inability to fully predict the chronic course 
and progression of the disease has an adverse 
psychological impact on patients (3).The high 
rates of depression of 9.5-41.5% in RA pati-
ents are caused by socioeconomic and patient 
factors, in addition to factors belonging to the 
disease itself (4). Among disease-based factors 
are pain, disease activity, functional disability 
and inflammation (5). According to the neuro-
inflammation theory developed to explain the 
correlation between inflammation and depre-
ssion, systemic inflammation measureable with 
acute phase reactants and proinflammatory cyto-
kines was found to be related to the development 
of depression. The results of studies on this topic 
have revealed a two-way interaction between 
pro-inflammatory cytokines (TNF-α, IL-6, IL-
1) and major depression (6,7). Additionally, in 
randomized controlled studies prednisolone, di-
sease-modifying antirheumatic drugs and TNF-α 
antagonist medications (reducing systemic in-
flammation) had positive effects on quality of 
life, functional results and depression (5).
In addition to depression in RA patients, anxiety, 
reduced self-esteem and changes on body per-
ception may also be observed (8). Physical and 
psychological impacts of the disease also result 
in adverse consequences for patients’ work and 
family lives (4,6).
Marital adjustment is a concept that evaluates 
the nature of the marital relationship and re-
flects the partners’ mutual satisfaction (7,9). 
Patients with RA, whose physical problems are 
predominant, often neglect relations with their 
partners and society.
The aim of this study was to investigate marital 
adjustment in patients with rheumatoid arthritis 
and factors affecting this.

PATIENTS AND METHODS

Patients and study design

We enrolled thirty two patients fulfilling 2010 
American College of Rheumatology (ACR) di-
agnosis criteria of rheumatoid arthritis (10), who 
were under follow up in physical medicine and 
rehabilitation clinic at Canakkale Onsekiz Mart 
University School of Medicine in Turkey. Patient 
enrollment was done sequentially over a period 
of six months. 
Inclusion criteria were as being married and vo-
luntary participation. Non-married and divorced 
couples were not included in the study. A history 
of malignancy, presence of chronic neurological 
disease, previous psychiatric illness, or family 
history of psychiatric illness and Steinbrocker 
class (11) 3 or above were adopted as exclusi-
on criteria. A control group (n=32) consisted of 
volunteers similar to the RA patients (n=32) in 
terms of age and sex. Four patients who volunta-
rily participated did not answer questions relating 
to private life on the dyadic adjustment scale and 
they were excluded from the study. An approval 
was obtained from Cthe anakkale Onsekiz Mart 
University Ethics Committee. All patients provi-
ded signed written informed consents.

Methods

Sociodemographic characteristics, the Beck De-
pression Inventory (BDI) (12), short–form 36 
(SF-36) (13) and the dyadic adjustment scale 
(DAS) (14,15) were evaluated in the patient and 
control groups. A visual analogue scale (VAS) 
(16), the disease activity score 28 (DAS28) (17) 
and a health assessment questionnaire (HAQ) 
(18) were also investigated in the patient group.
A sociodemographic data form inquired into pati-
ents’ sociodemographic characteristics, length of 
disease and morning stiffness.  
Visual Analogue Scale (VAS) was used to mea-
sure severity of pain. Score was determined by 
measuring the distance on the 10-cm line (0 no 
pain, 10 intolerable pain).
Disease Activity Score 28 (DAS 28) was used for 
evaluation of disease activity. Patients with DAS 
28 scores<3.2 were regarded as having low-mo-
derate disease activity and those with score ≥ 3.2 
as having high disease activity (19).
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The Beck Depression Inventory (BDI) was used 
for evaluation of severity of depression. It is a 
21-item multiple-choice self-report inventory 
measuring somatic, emotional, cognitive and mo-
tivational symptoms. Each question has a set of 
at least four possible responses, ranging in inten-
sity between 0-3. The standard cut-off scores are: 
10–16 indicates mild depression, 17–29 indicates 
moderate depression and 30–63 indicates severe 
depression. Higher total scores indicate more se-
vere depressive symptoms (20).
The Health Assessment Questionnaire (HAQ) 
consisting of 20 questions under 8 sections (dre-
ssing, arising, eating, walking, hygiene, reach, 
grip, and activities) was used to evaluate patients’ 
functional status (21). Patients scoring for each 
question ranges between 0 (without any diffi-
culty) and 3 (unable to do). For each section the 
score given to that section is the worst score wit-
hin the section. The 8 scores of the 8 sections are 
summed and divided by 8. The final HAQ score 
will be between 0-3. 
Short Form-36 (SF- 36) assesses health related 
quality of life and includes 36 specific questi-
ons and comprises eight subscales of: physical 
functioning (PF), physical role functioning (RP), 
bodily pain (BP), general health (GH), vitality 
(VT), social functioning (SF), emotional role 
functioning (RE) and mental health (MH). The 
first four subscales comprise general physical 
health situation (physical component summary, 
PCS), and the last four subscales comprise ge-
neral mental health situation (mental component 
summary, MCS). High scores indicate higher qu-
ality of life related to health (22). 
Dyadic Adjustment Scale (DAS) was developed 
by Spanier (1976) and adapted into Turkish by 
Fışıloğlu and Demir (2000) (14,15). This Likert-ty-
pe scale (total scores 10-151) consists of four subu-
nits and 32 items developed for the purpose of asse-
ssing the nature of a couple’s relationship. Items 
13 (dyadic consensus), 10 (dyadic satisfaction), 4 
(affectional expression), and 5 (dyadic cohesion) 
were investigated under this subunit. Higher score 
reflects more satisfaction from the relationship. 

Statistical analysis

Normality of variables was examined using the 
Shapiro-Wilks test and skewness values. Des-
criptive data were presented as mean, standard 

deviation, frequency and percentage values. The 
χ2 test was used to compare categorical variables 
between the patient and control groups and the 
Independent Samples T test for the comparison 
of mean values. Relations between constant va-
riables were evaluated using Spearman’s corre-
lation test and Pearson’s correlation test. The p< 
0.05 was regarded as statistically significant.

RESULTS

Thirty-two patients with RA and 32 healthy con-
trols were enrolled in this study. Mean age of the 
patient and control group was 46.5±9.2 years (min: 
24, max: 66) and 47.7±8.1 (min: 35, max: 65) ye-
ars, respectively (p=0.5). Mean length of the dise-
ase was 66.5±54.6 (min: 1, max: 180) months, and 
mean duration of morning stiffness was 25.2±44.4 
min. Mean DAS28 score was 2.8±1.3. In terms of 
functional classification, three patients were Ste-
inbrocker class 2 and the others class 1.
The patient and control groups were similar in 
terms of demographic characteristics, e. g. age, 
length of marriage, gender, educational level, 
type of marriage, family status and smoking sta-
tus (Table 1).

Characteristic Patient n=32 Control n=32 p
Age (years) 46.5±9.2 47.7±8.1 0.569
Duration of disease (month) 66.5±54.6 - -
Duration of marriage (years) 24.8±9.4 22.2±10.5 0.303
Gender (No, %) 0.259
Males 11 (34.4) 15 (46.9)
Females 21 (65.6) 17 (53.1)
Education (No, %) 0.089
Primary school 20 (62.5) 10 (31.3)
High school 6 (18.75) 9 (28.1)
College 6 (18.75) 13 (40.6)
Working status (No, %) 0.102
Employed 11 (34.4) 18 (56.3)
Unemployed 21 (65.6) 14 (43.7)
Marriage manner (No, %) 0.193
Marriage out of love 9 (28.1) 14 (43.7)
Love-based marriage 23 (71.9) 18 (56.3)
Family status (No, %) 1.000
Core family 27 (84.4) 27 (84.4)
Grand family 5 (15.6) 5 (15.6)
Smoking (No, %) 1.000
Yes 9 (28.1) 9 (28.1)
No 23 (71.9) 23 (71.9)

Table 1. Demographic characteristics of patients and control 
groups

Scores for physical function (PF), physical role 
(RP) and general health (GH), and bodily pain 
(BP) were significantly lower in the patient group 
than in the control group (p=0.03, p=0.01, p<0.01 
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and p=0.006;  respectively). The physical com-
ponent summary (PCS) in the patient group was 
found to be lower compared to the control gro-
up (37.85±10.42 and 51.26±17.87,  respectively; 
p=0.001). There was no significant difference 
observed in the subscores for mental health of 
social function (SF), emotional role (RE), mental 
health (MH) and vitality (VT) between the pati-
ent and control groups (p=0.42, p=0.61, p=0.26, 
and p=0.15, respectively). The difference in the 
relation to mental component summary (MCS) 
in the patient and control groups was statistically 
insignificant (45.30±9.74 and 45.37±13.17, res-
pectively; p=0.98) (Table 2).

and affectional expression (37.0±7.9, 40.5±5.3 
p=0.046 and 8.5±3.2, 9.9±1.6 p= 0.037, respec-
tively) (Table 2).
Mild-moderate depression levels were higher in 
the patient group compared to the control group 
(p=0.019). There was no correlation between de-
pression and DAS subunits.
(dyadic consensus, dyadic satisfaction, affec-
tional expression and dyadic cohesion: p=0.75, 
p=0.61, p=0.90, p=0.65, respectively)

DISCUSSION

Rheumatoid arthritis is a chronic disease that has 
an adverse impact on health through pain, acti-
vity restriction and emotional stress. In additional 
to physical disability, it can cause problems in all 
areas of life, and particularly in family relations 
(23). Patients frequently neglect family and soci-
al relations as they focus on their physical diffi-
culties. Some studies have shown that an adju-
sted social life and family relations have positive 
effects on the course of the disease (24, 25).
The results of this study showed that the DAS 
subunits dyadic satisfaction and affectional 
expression decreased in patients but marital 
adjustment was not impaired. This is in agree-
ment with previous studies (23).
Similarly, parameters such as the duration of 
morning stiffness DAS 28, VAS, CRP, ESR and 
Steinbrocker class did not affect the DAS. Van 
Lankveld et al. revealed that social support had 
a greater effect on sexual and marital happiness 
compared with disease activity in patients with 
RA (26). In a study of patients with arthritis, Bla-
ke et al. did not find a relation between marital 
happiness and arthritis (27). A good marital rela-
tionship has been reported to make people more 
tolerant in case of adverse outcomes of the di-
sease (25). We think that partner support plays 
a role in this outcome. Social support has been 
found to be associated with less pain and impro-
ved psychological adjustment in patients with 
arthritis (28). Patients without partner support 
experience greater pain and dysfunction (29, 30). 
The decrease in the dyadic satisfaction and affec-
tional expression (DAS subunits) may be due to 
subjects focusing on their diseases. 
Although there was no correlation between len-
gth of marriage and total DAS score, a negative 

Patient Control p 
Dyadic Adjustment Scale (DAS) Mean ± Standard Deviation
Dyadic satisfaction 37.0±7.9 40.5±5.3 0.046
Affectional expression 8.5±3.2 9.9±1.6 0.037
Dyadic cohesion 15.0±6.0 15.2±4.0 0.886
Dyadic consensus 52.2±14.3 52.8±8.2 0.839
DAS total score 114.3±29.6 118.0±13.4 0.530
Short Form (SF)-36
Physical function 60.00±24.91 77.34±20.39 0,003
Physical role 39.06±41.60 71.87±36.33 0.001
General health 46.93±21.56 65.84±16.19 <0,001
Bodily pain 50.40±26.92 67.93±22.03 0.006
Physical component summary 
(PCS) 37.85±10.42 51.26±17.87 0.001

Social functioning 67.18±23.27 71.87±23.54 0.426
Role-emotional 47.91±44.75 53.43±41.84 0.612
Mental health  63.77±17.25 69.00±19.43 0.260
Vitality 54.84±22.05 62.96±22.74 0.152
Mental component summary 
(MCS) 45.30±9.74 45.37±13.17 0.982

Table 2. Dyadic Adjustment Scale (DAS) and Short Form (SF)-
36 scores in patient and control group

Erythrocyte sedimentation rate (ESR), pati-
ent and physician global VAS, DAS28, HAQ 
and morning stiffness exhibited no correlation 
with total DAS score (p=0.75, p=0.09, p= 0.32, 
p=0.86, p=0.96; respectively).
Dyadic cohesion decreased in both groups as the 
length of marriage increased (p=0.016). In additi-
on, affectional expression also decreased with the 
length of marriage, although this did not achieve 
statistical significance (p=0.055, r=-0.30). Len-
gth of marriage did not affect the total DAS score 
(p=0.33). A negative correlation was observed 
between length of the disease and DAS total sco-
re (p=0.01, r=-0.58) 
Comparison of DAS subunits revealed a signi-
ficant difference between the patient and con-
trol groups only in terms of dyadic satisfaction 
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correlation was determined between length of di-
sease and total DAS score. We believe that the 
lifelong progressive and chronic process of RA 
affects these results. The natural progression of 
the disease causes individuals to feel a loss of 
control and develop learned helplessness. The 
negative effect of this situation may cause the 
development of both mental (depression, anxi-
ety, loss of self-esteem) and behavioral problems 
(lack of compliance with medication use). 
Some studies have reported that marital pro-
blems meet major depressive episode criteria 
(31). In our study the mild-moderate depressi-
on levels in RA patients were higher compared 
to the control group. Acute phase reactants and 
inflammatory cytokines in RA patients may 
cause the development of depressive symptoms 
(5). Additionally, comorbidities accompanying 
the disease and side effects of medication may 
ease the development of these symptoms (5). In 
conclusion, though it appears that all these ne-
gativities may affect the marriage, surprisingly 
we did not find a correlation between depression 
and marital adjustment. We believe these results 
were affected by the fact that patients with severe 
depression, advanced functional limitations and 
disease activity were not included in the study.
Evaluation of patients’ quality of life revealed 
that physical function, physical role, general he-
alth and bodily pain (physical sub scores) were 
lower than those of the control group. This fin-
ding is not unexpected since musculoskeletal 
system involvement in RA restricts daily living. 
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No significant correlation was determined betwe-
en physical subscores and marital adjustment. 
Our patient group consisting of Steinbrocker cla-
ss 1 and 2 cases was a significant determinant in 
this relationship. 
The main limitation of this study is its small pa-
tient sample. This restriction was due to patients’ 
unwillingness to share their private lives for tra-
ditional and religious reasons. Due to the small 
patient numbers, the parameters that could have 
been analyzed were also limited. 
In conclusion, RA is an important chronic disease 
that affects individuals’ physical, psychological 
and social lives, and thus all areas of life. Physi-
cians frequently concern themselves with physi-
cal problems caused by the disease but neglect 
family and social life. Yet, resolving problems 
identified in those spheres may assist with redu-
cing the adverse effects of the disease.
In our study we found that the disease activity 
did not affect marital adjustment. Additionally 
as disease duration lengthened, we observed that 
marital adjustment reduced. As a result in indivi-
duals with long disease duration not only physi-
cal effects of the disease but social effects should 
be assessed and solutions should be sought.
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ABSTRACT

Aim To determine the prevalence of hepatitis C virus infection 
(HCV) among prisoners in Zenica prison, and to investigate the 
relation between HCV and risky behaviors: intravenous drugs use 
(IDU), tattooing, promiscuity.

Methods This cross-sectional study conducted at the High Secu-
rity Penitentiary in Zenica involved 200 convicted persons who 
gave their consents for the research. Their blood was tested by 
AraGen Hepatitis C Test. Risky behaviors (IDU, tattooing, pro-
miscuity) were tested by an anonymous self-administered questi-
onnaire.

Results The prevalence of HCV was 13% (26/200). There was 
a statistically significant correlation of HCV infection and drug 
abuse before imprisonment (p=0.00), injection drug abuse before 
imprisonment (p=0.00), tattooing in prison (p=0.03) and having 
sex with homosexual partners (p=0.00).

Conclusion The prevalence of HCV in prisoners at Zenica prison 
was significantly higher than in the general Bosnia and Herzego-
vina population. Intravenous drugs use had highest risk for HCV 
infection among prisoners. 

Key words: tattooing, homosexuality, substance abuse



Medicinski Glasnik, Volume 14, Number 1, February 2017

74

INTRODUCION

An estimated world prevalence of hepatitis C vi-
rus (HCV) infection is 2-3% and each year more 
than 350,000 people die of HCV-related conditi-
ons, e.g. cirrhosis and liver cancer (1). The num-
ber of reported cases of HCV in European Uni-
on increased from 4.3 per 100.000 inhabitants 
in 1995 to 6.9 per 100.000 inhabitants in 2007 
(27,000 - 29,000 new diagnoses/year) (2). Pri-
soners have a higher risk of HCV infection than 
the general population (3); depending on the pri-
son system, 3.1-38% of prisoners have HCV (4). 
Nowadays, the highest number of newly infected 
persons with hepatitis C virus is found within the 
group of intravenous drug addicts (5).
A prevalence of viral hepatitis C in the general 
population in Bosnia and Herzegovina (BH) is 
estimated to 1-2.4 %. According to the data of 
the Ministries of Health of the Federation of BH 
and Republika Srpska there are around 55.000 
persons infected with HCV (6). Earlier research 
conducted in prisons in Bosnia and Herzegovi-
na found the HCV prevalence ranging from 5% 
in Banja Luka to 8% in Tuzla (7). In 2009 the 
prevalence of HCV in the Penitentiary in Zenica 
was 6% (8). The prevalence of HCV infection is 
rising worldwide (2), and updating of  informati-
on on prevalence of HCV is crucial for effective 
interventions to prevent HCV infection and effi-
cient planning of health-care of this population.
The aim of the study was to determine the 
HCV prevalence in persons serving their impri-
sonment sentences in the Penitentiary in Zenica 
and to investigate a relation between HCV and 
risk behavior (intravenous drug abuse, tattoo-
ing, promiscuity).

EXAMINEES AND METHODS

Study design

The study included prisoners at the High Security 
Male Penitentiary in Zenica, who voluntarily and 
anonymously participated in the research. The 
research was conducted in the period between 
24 June and 19 July 2013, when a total of 765 
persons served their imprisonment sentences. 
The research included 200 convicts (26% of the 
total number of convicts), who had given their 
consents. Inclusion criteria comprised convic-
ted persons who were older than 18 and persons 

whose imprisonment sentence was longer than 2 
months. Exclusion criteria: failure to cooperate 
during the research. 
The research was conducted as an average epide-
miological study approved by the Ministry of Ju-
stice of the Federation of Bosnia and Herzegovina.

Methods

The examination was voluntary and anonymous. 
Questionnaires and blood samples were coded. 
The modified questionnaire of the Global Fond (9) 
was a research instrument used to examine socio-
demographic characteristics of prisoners, knowled-
ge, view and behavior before and during impri-
sonment. The examinees’ blood was tested for 
HCV with AraGen Hepatitis C Test (Morgan Hill, 
California, USA) in the Section of Healthcare of 
the High Security Penitential Institution of Zenica. 
AraGen Hepatitis C Test is a rapid (point-of-ca-
re) enzyme immunoassey (EIA) diagnostic test 
that does not require laboratory infrastructure or 
highly qualified professional staff and is used 
for screening in non-clinical conditions (10). 
This test detects anti-HCV antibodies against 
recombinant HCV proteins (11) and may be 
used as first line screening for hepatitis C (12), 
and therefore, absence of anti-HCV of  AraGen 
screening test was taken as a criterion of a ne-
gative result (13). Since rapid tests are not spe-
cific enough,  the Centre for Disease Control 
and Prevention (CDC) has recommended that a 
person be considered to have serologic evidence 
of HCV infection only after an anti-HCV scre-
ening-test positive result has been verified by a 
more specific serologic test (14). 
Respondents whose tests were positive were exa-
mined by an infectious disease specialist at the 
Cantonal Hospital Zenica for further diagnosis 
(ELISA and PCR testing) and treatment.

Statistical analysis

Standard methods of descriptive statistics (mea-
sures of central tendency and dispersion), Parson’s 
χ2 test for determination of statistically signifi-
cant differences between some characteristics 
of samples given in non-parametric form were 
used. Non-parametric Spearman’s correlation test 
was used for the analysis of correlations. Values 
p<0.05 were considered statistically significant.
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RESULTS

The research included a total of 200 male exami-
nees of average age 32.32±8.37 years: 102 (51%) 
were 18-30 years of age, 68 (34%) were 31-40 
years of age, 23 (11%) were 41-50 years of age, 
five (3%) were 51-60 years of age and two (1%) 
were older than 60 years. 
Two thirds of examinees completed secondary 
school, 123 (61.5%), while one third of them, 58 
(29.0%) completed only primary school, and nine 
(4.5%) examinees had no formal education. The-
re were 111 (55.5%) unemployed and 80 (40.0%) 
employed examinees. Total of 136 (68%) exami-
nees were convicted to imprisonment sentences 
longer than 3 years, and 90 (45%) examinees 
served their imprisonment sentence for the first 
time. The highest number of examinees were 
married or lived in a common law marriage, 95 
(47.5%), 74 (37.0%) were single and 31 (15.5%) 
divorced or widowers.
The HCV test was positive in 26 examinees re-
sulting in the prevalence of HCV in Zenica Peni-
tentiary of 13.0%. The examinees positive to he-
patitis C had an average age of 32.31±7.71 years, 
50% were younger than 30 years of age.
There was a statistically significant correlation 
of the infection with HCV and drug abuse befo-
re prison (p=0.00), injection drug abuse before 
prison (p=0.00), tattooing in prison (p=0.03) and 
having sex with homosexual partners (p=0.00).
Injection drug abuse in prison (p=0.08), tattoo-
ing before prison (p=0.19), self-injury in prison 
(p=0.08), having sex with a permanent partner 
without condoms (p=0.89), having sex with acci-
dental partners (p=0.09) were not statistically si-
gnificantly in relation to HCV infection (Table 1).
Among the examinees whose tattoos were made 
in prison (12.5%) tattooing in prison significantly 
raises the risk of contracting HCVI (p=0.032). Of 
the total number of examinees, 63 (31.5%) com-
mitted self-injury, 12 (6.0%) were tested positi-
ve to HCV. Self-injury is mainly done with used 
shaving tools, and most commonly among intra-
venous drug users. 
Our study has found that 84.5% of examinees 
had sex with permanent partners without con-
doms, and 75.5% had sexual relationship with an 
accidental partner with no statistically significant 
difference of the distribution of positive HCV 

test. Moreover, 13.5% examined prisoners stated 
that they had had sex with a person of the same 
sex and this study confirms that having this tape 
of sexual relations in a closed community influ-
ences the positive result of hepatitis C.

DISCUSSION 

Prevalence of HCV infections among the con-
victs at the High Security Penitentiary in Zenica, 
using the AraGen Hepatitis C Test screening test 
was 13%. It was 6-13 times higher when compa-
red with estimated prevalence among general po-
pulation of Bosnia and Herzegovina in 2005 (6), 
and 2 times higher than HCV occurrence in the 
same institution (6%) (8), which corresponds to 
the global rise of HCV prevalence (2). An incre-
ased risk of HCV occurrence in this population 
includes drug abuse before prison, injection drug 
abuse and tattooing in prison and having sex with 
homosexual partners. 
Prisoners have a higher risk of HCV infection (15), 
prevalence varying from  20.7% in some American 
prisons to 28% in Canadian prisons; it is higher 
in prisoners with the history of intravenous drug 
abuse (16-22). Hepatitis C European Network for 
Co-operative Research (HENCORE) reported that 
the prevalence of hepatitis C in intravenous drug 

Question Answer
HCV-

No (% of total 
number)

HCV+
No (% of 

total number)
p

Drug abuse before 
prison

No 89 (44.5) 2 (1.0)
0.00Yes 85 (42.5) 23 (11.5)

Abuse of injection 
drugs before prison

No 136 (68) 7 (3.5)
0.00

Yes 38 (19.0) 19 (9.5)

Abuse of injection 
drugs in prison

No 112 (56) 23 (11.5)

0.08I don’t want 
to answer 58 (29) 0 (0.0)

Yes 4 (2.9) 3 (1.5)
Tattooing before 
prison

No 51 (25.5) 4 (2.9)
0.19

Yes 103 (51.5) 17 (8.5)
Tattooing in pri-
son 

No 51 (25.5) 4 (2.0)
0.03

Yes 35 (17.5) 10 (5.0)
Self-injury in 
prison 

No 123 (61.5) 14 (7.0)
0.08

Yes 51 (25.5) 12 (6.0)
Sexual relationship 
with permanent 
partner without 
condoms

No 23 (11.5) 3 (1.5)

0.89I don’t want 
to answer 3 (1.5) 2 (1.0)

Yes 148 (75.9) 21 (10.8)

Sexual relationship 
with accidental 
partner

No 35 (17.5) 2 (1.0)

0.09I don’t want 
to answer 12 (6.0) 0 (0.0)

Yes 127 (63.5) 24 (12.0)

Sexual relationship 
with homosexual 
partner

No 153 (76.5) 13 (6.5)

0.00I don’t want 
to answer 6 (3.0) 12 (6.0)

Yes 15 (7.5) 12 (6.0)

Table 1. Risk behavior and HCV infection in Zenica Penitentiary

Hodžić et al. Hepatitis C in Zenica prison
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users was over 80% (23). Twenty percent of new 
infections worldwide are a consequence of intra-
venous drug abuse, and most chronic infections, 
especially in developed countries, are attributed to 
intravenous drug abuse (24). 
A dominant factor for spreading of HCV infecti-
on in prisons is intravenous drug abuse (25-28). 
The highest HCV prevalence in intravenous drug 
user prisoners was found in Iran (88.9%) (29) and 
Denmark (87%), where the frequency of hepatitis 
C is 100 times higher in prisons when compared 
with general population (30).
Tattooing is connected with HCV infection even 
among those who have no traditional risk factors 
(31). Prevalence of tattooing has significantly 
increased in the last ten years (32). Tattooing in 
prison is of special importance in terms of tran-
smission of blood infections, because tattooing 
is usually done using unsterile tools (paper clips, 
sewing needles etc.) (31). In Canadian prisons 12 
to 25% of HCV infections are related to tattooing 
among prisoners in comparison with 6% among 
the general population (33). In prisoners who were 
not intravenous drug users in Puerto Rico, USA, 
60% of prisoners had a tattoo and 12% of those 
were HCV infected (34). Examinees in high secu-
rity prisons such as the High Security Penitentiary 
in Zenica made their tattoos more frequently in 
prison than those in semi-open prison facilities 
(15). The lower prevalence of HCV positivity in 
those who made tattooing before a prison shows a 
trend of tattooing with sterile tools. 
Self-injury is common auto-destructive be-
havior of persons serving their imprisonment 
sentences (35) and it represents a significant 
predictor of HCV infection in persons serving 
imprisonment sentences (35). 

The role of sexual activity in the transmission of 
HCV remains unclear. A cohort study from the 
USA (2,653 persons) confirms that sexual transmi-
ssion is still rare, but it is higher for those with risk 
behaviors such as unprotected intercourse and/or 
sex with accidental partners (23). Data of the CDC 
Department for Viral Hepatitis have shown that in 
2003 13% of patients with acute HCV infection 
had anamnestic data on sexual exposure without 
the presence of other factors (36). In a research 
conducted in Canada, after the exclusion of in-
travenous drug users, seroprevalence in men who 
had sex with other men was only 0.3%, which is 
lower than seroprevalence of hepatitis C among 
general population of Canada (0.8%) (37). Data on 
prevalence of sexual activities in prisons should be 
interpreted with caution due to embarrassment of 
being identified as homosexuals (38). 
The first step to reduce the spread of HCV infec-
tions in prisons is the screening for anti-HCV, and 
defining the prevalence and incidence in prison. It 
would be useful to screen all newcomers to prisons 
for HCV. It is necessary to intensify educational 
interventions among prisoners and staff about he-
patitis C epidemiology. Raising awareness about 
risks of tattooing in prisons and consequences of 
unprotected sex is an imperative. Providing toile-
tries (especially condoms), heightening vigilance 
to prevent tattooing and intravenous drug use, pro-
viding opiate replacement therapy for drug users 
could help in the prevention of HCV infection. 
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Intravenska zloupotreba droga kao osnovni uzrok povećane 
prevalencije hepatitisa C u zatvorenika Kazneno-popravnog 
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Bosna i Hercegovina

SAŽETAK

Cilj Utvrditi prevalenciju infekcije hepatitisa C (HCVI) u osoba na izdržavanju zatvorske kazne u 
Kazneno-popravnom zavodu Zenica, te povezanost između HCVI-a i rizičnih ponašanja (intravenska 
upotreba droga (IUD), tetoviranje, promiskuitet).

Metode Presječna studija, provedena u Kazneno-popravnom zavodu Zenica, uključila je 200 zatvo-
renika koji su dali pristanak za istraživanje. Uzorak krvi je testiran pomoću testa AraGen Hepatitis C. 
Rizična ponašanja (IUD, tetoviranje, promiskuitet) su ispitana odgovarajućim upitnikom.

Rezultati Zabilježena je prevalencija HCVI 13% (26/200). Nađena je statistički signifikantna pove-
zanost između HCVI-a i injekcijskog korištenja droga prije izdržavanja kazne (p=0.00), tetoviranja u 
zatvoru (p=0.03) i spolnih odnosa s istospolnim partnerima (p=0.00).

Zaključak Prevalencija HCVI-a u osoba na izdržavanju kazne u Kazneno-popravnom zavodu Zenica 
je značajno viša u odnosu na opću populaciju u Bosni i Hercegovini. Intravenska upotreba droga pred-
stavlja najznačajniji faktor za HCVI u zatvorenika.

Ključne riječi: tetoviranje, homoseksualnost, intravenska zloupotreba droga
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ORIGINAL ARTICLE

ABSTRACT

Aim To investigate the relationship between recovered hepatitis B 
infection with appearance of toxic propylthiouracil (PTU) hepati-
tis and point out the growing importance of the use of drugs in the 
development of hepatitis. 

Methods A case of a 45-year-old female patient with suspicion of 
acute viral hepatitis who had polypragmasy of drugs in the last ten 
years, due to the polymorphism of symptoms/illnesses (diabetes 
mellitus, depression, hypertension, hypothyroidism) was presen-
ted.

Results A female patient had hyperthyroidism after resolved viral 
hepatitis B with HBsAg seroconversion (HBsAg negative, anti-
HBs positive). PTU had the greatest potential for hepatotoxicity 
of all administered drugs. After corticosteroid therapy there was a 
significant improvement in liver function tests. In the course of the 
disease there was no change of hepatitis markers and exacerbati-
ons of hepatitis B.

Conclusion Clinical practice should comprehensively monitor the 
effects of the intricate and tight connection between drugs, liver 
and endocrine system in order to better resolve all manifestations, 
complications and worsening of one or another organic system.

Key words: drugs, hepatotoxicity, hyperthyroidism, HBsAg se-
roconversion
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INTRODUCTION

Toxic liver damages cause about 5 % of all jaundice 
and about 25 % massive necrosis of the liver. Dru-
gs are becoming an increasingly important cause 
of jaundice and massive necrosis of the liver which 
should be given special attention when taking hi-
story of icteric patients (1,2). Hepatotoxic agents 
may be either real hepatotoxicants or leading to li-
ver damage with idiosyncrasy. Idiosyncratic liver 
injury is unpredictable, it occurs only in suscepti-
ble individuals and independent of the drug dose. 
The incidence of the liver damage is 19/100.000 of 
treated people, women become ill more often and 
mortality rate is higher than 10 % (3).
Propylthiouracil (PTU, 6-n-propylthiouracil) is a 
drug derived from thiouracil that was used for the 
treatment of hyperthyroidism (including Grave’s 
disease). It works by reducing the amount of 
thyroid hormone produced by the thyroid gland. 
Side effects are not common and occur in 1-5% 
of patients. The most common reactions are: rash 
on the skin, itching, arthralgia, fever and nausea. 
It can also develop transient neutropenia, and very 
rarely agranulocytosis, vasculitis, lupus-like syn-
drome and acute or chronic interstitial nephritis 
(4). In 2009 the US Food and Drug Administration 
(FDA), after an evaluation of 34 cases of serious 
damage to liver function in adults and children, 
some of whom had a fatal outcome, published a 
warning about the risk of serious liver damage in 
the use of propylthiouracil (5). The European Me-
dicines Agency (EMA), on the basis of security in-
formation and new FDA recommendations, made 
a decision on the need for revision of a summary 
of product characteristics and instructions for pa-
tients. The consequence is that the propylthiou-
racil is no longer recommended as a drug of first 
choice. The PTU is still the treatment of choice in 
patients where it is necessary to apply antithyroid 
medications, only during and immediately before 
the first trimester of pregnancy, as it is associated 
with less teratogenic effects (changes in the soft 
part of the scalp) than methimazole (6,7). Cochra-
ne systematic review has not found even one ran-
domized study which provides evidence to women 
and their doctors about the most effective drugs 
against overactive thyroid gland, which also have 
the lowest risk of harmfulness (7).
Hepatic dysfunction in patients with hyperthyro-
idism may be a consequence of the disease or the 

side effects of therapy (8). Also, there are many 
data which suggest that antithyroid drugs with 
thyreosuppressive effect can have immunomodu-
lating effects and cause ANCA (Antineutrophil 
cytoplasmic antibodies/ANCAs) seropositive 
vasculitis, myasthenia gravis, Graves’ disease, 
other autoimmune diseases and some immuno-
suppressive effects (9-11). The PTU modifies the 
function of natural killer cells (NK cells) and B 
and T lymphocytes (12).
The aim of this paper was to investigate the re-
lationship between PTU toxic hepatitis and viral 
hepatitis B in the patient with suspicion of acute 
viral hepatitis infection who had polypragmasy 
of drugs in the last ten years due to the polymor-
phism of symptoms/illnesses (diabetes mellitus, 
depression, hypertension, hypothyroidism) and 
to point out the growing importance of the use of 
drugs in the development of hepatitis. 

PATIENT AND METHODS

Patient and study design

A 45-year old female patient was admitted to the 
Department of Infectious Diseases at the Canto-
nal Hospital of Zenica, Bosnia and Herzegovina 
during July 2015 with suspicion of acute viral 
hepatitis infection. 
The disease started seven days before hospitali-
zation with mild abdominal pain, daily vomiting, 
loss of appetite, general weakness, joint pains, 
swelling of the left ankle joint, non-specific rash 
on the skin. Just before the reception she noticed 
dark urine and eyes and skin yellowing.
Since 2003 she had been treated with 20 mg 
paroxetine (half + 0 + half), alprazolam 1 mg 
(1+0+0) and risperidone 1 mg (0+0+1) tablets 
for depression. Because of diabetes mellitus she 
was treated with 500 mg metformin (3x1) tablets. 
Because of hypertension, she was treated (several 
years) with 5 mg lisinopril (2x1) tablets. In 2012, 
hepatitis B markers were done accidentally: ne-
gative HBsAg, positive anti-HBs and anti-HBc, 
and negative anti-HCV. She denied hepatitis B 
virus infection or having anyone in the family 
who suffered from hepatitis B. In 2008 hyper-
thyroidism was diagnosed with one non-growing 
warm node in the left lobe, and she denied sur-
gery. In the beginning of hyperthyroidism she 
was treated with thiamazole (1x5 mg).
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During 2010 the hormonal status was normal and 
hormonal therapy was terminated. In early 2014, 
she had again symptoms of hyperthyroidism, 
hormonal status was back to hyperthyroidism va-
lues and thiamazole 1x10 mg was administered. 
Six months later, for unknown reasons, therapy 
was changed into PTU (propylthiouracil) 50 mg 
(3x½), and later in during the course of the dise-
as propylthiouracil 3x50 mg plus propranolol 40 
mg (2x½). In February 2015, 20 mCi I-131 (radi-
oactive iodine) was administered, and later PTU 
50 mg 3x½ initially, and then 2x½. She denied 
earlier allergies to food and medications. In the 
family history, her sister suffered from multiple 
sclerosis (early stage of the disease).
At the time of the admission, the patient was 
middle developed, well-fed, 76 kg, afebrile, 
conscious, with icteric skin and sclera, eupneic, 
giving the impression of the patient of medium 
gravity. Physical findings of the heart and lung 
were normal, blood pressure was 130/80. The 
abdomen was soft, sensitive in epigastrium and 
in right upper quadrant. Liver and spleen were 
palpable for about 2 and 1 cm, respectively; liver 
was hard, with a sharp edge. There were pain and 
swelling on the left ankle joint.

Methods

Laboratory analyses of the blood were perfor-
med at the Department of Laboratory Diagno-
stics in Cantonal Hospital Zenica (Vitros 350, 
Ortho Clinical Diagnostics, Raritan, NJ, USA) 
1st, 2nd, 7th, 14th, 21st and 28th day of hospi-
talization as follows (Table 1): serum aspartate 
aminotransferase (AST), alanine aminotransfera-
se (ALT), lactate dehydrogenase (LDH), gamma 
glutamyl transpeptidase (GGT), alkaline phos-
phatase (ALP), prothrombin time (PT), interna-
tional normalized ratio (INR), activated partial 
thromboplastin time (APTT), thyroid stimulating 
hormone (TSH), free triiodothyronine (FT3), 
thyroxine (FT4). The level of copper (12.6-24.3 
µmol/L), alpha-fetoprotein (<7.2 IU/mL), and fi-
brinogen (1.8-3.5 g/L) were determined as well.
Hepatitis A, B and C serologic tests were done at 
the Department of Transfusion Medicine of the 
Cantonal Hospital Zenica (Architect i2000SR 
PLUS, Abbot Diagnostics, Wiesbaden, Germany) 
included: anti-HAV IgM (<0.8 negative, >1.2 po-
sitive), anti HAV IgG (<1 negative, >1 positive), 

HBsAg <0.85 negative, >1 positive), anti-HBs 
(normal/N <10), anti-HBc (<1 negative, >1 po-
sitive), anti-HBc IgM (<1 negative, >1 positive), 
HBeAg (<1 negative, >1 positive), anti-Hbe <1 
negative, >1 positive), anti-HCV (<0.80 negati-
ve, >1 positive). PCR (N<20 IU/mL) was done 
at the University Clinical Center Sarajevo (Real 
time PCR, Abbot, Wiesbaden, Germany).
Immunological analyses included: DAT (direct 
antiglobulin test, poly AHG Anti-human globulin) 
(positive or negative), SCR (red cell screening) on 
the irregular red cell antibodies I and II (Bio-Rad, 
California, USA); ANA (antinuclear antibodies), 
AMA (antimitochondrial antibodies), ASMA 
(antismooth muscle antibodies), anti-dsDNA ( 
anti-double stranded DNA) (Indirect Immuno-
fluorescence, Euroimmun, Luebeck, Germany), 
anti LKM-1 (liver kidney microsomal type 1 
antibodies), anti LC-1 (liver cytosol antibody), 
SLA/LP (soluble-liver-antigen/liver-pancreas), 
M2-3E (BPO) (autoantibodies to mitochondrial 
antigen–pyruvate dehydrogenase complex (M2), 
branched-chain 2-oxo-acid dehydrogenase com-
plex and 2-oxo glutarate dehydrogenase complex 
(3E-BPO), PML (promyelocytic leukemia prote-
in), Sp100 (speckled protein (100 kDa)), gp210 
(glycoprotein 210 kDa) (Euroline Profile, Euro-
immun, Luebeck, Germany), immunoglobulins 
IgG (7-16 g/L), IgA (0.7-4.0 g/L), IgM (0.4-2.3 
g/L), and IgE 167 (<100 IU/mL) (BN System, 
Siemens, Erlangen, Germany).
Ultrasound of the abdomen (SA-8000, Medison 
Co., Seoul, Korea) was done at the admission, as 
well as ophthalmologist examination.

RESULTS 

Immediately on admission the basic laboratory 
findings were done, which are shown in Table 1 
according to the days of hospitalization.
The results of hepatitis A, B and C markers were: 
HBsAg-negative , anti-HBs positive >1000, an-
ti-HBc positive, anti-HBc IgM negative, HBeAg 
negative, anti-HBe positive, anti-HCV negative, 
anti-HAV IgM negative, anti HAV IgG positive. 
HBV DNA was negative.
Ultrasound of the abdomen showed liver of 
appropriate localization and shape, diameter of 
155 mm and homogeneous parenchyma. To the 
left contour of the liver, around the pancreas, a 
few nodes was found with the largest diameter of 
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33.3x10.3 mm. Gallbladder was in proper positi-
on, with thickened wall, with a little more dense 
content, and to the dorsal wall hyperechogenic 
structure size of 6.2 mm (calculus) was visible. 
The spleen was enlarged to 150 mm. Other fin-
dings were good. 
A surgeon’s examination and ultrasound of 
the abdomen excluded obstructive icterus. An 
ophthalmologist’s examination (angiopathia 
hypertensive gr I/II) and copper levels of 17.7 
µmol/L excluded hepatolenticular degeneration. 
Alpha-fetoprotein was 3.46 IU/mL and fibrino-
gen 3.10 g/L.
Immunohematological analyses showed slightly 
positive DAT, SCR on the irregular red cell anti-
bodies I and II was negative, ANA slightly positi-
ve, AMA, ASMA, dsDNA, LKM-1, LC-1, SLA/
LP, M2-3E (BPO), PML, Sp 100, gp210 immu-
nological tests were negative. Immunoglobulin 
values found were as follows: IgG 15.4 g/L, IgA 
2.0 g/L, IgM 0.6 g/L, IgE 167 IU/m.
During hospitalization the patient was occasio-
nally sub-febrile, hypodynamic, frightened. The 
PTU was excluded immediately after admission, 
as well as propranolol, and the dosage of anti-de-
pressants was reduced. During the highest values 

of bilirubin in the blood, corticosteroids were ad-
ministered. During the seven-day corticosteroid 
treatment there was a significant improvement 
in liver function tests and transient increase in 
blood sugar (because insulin was included for a 
couple of days). In the second half of the hospita-
lization (from 6 August to 21 August) and at the 
time of discharge the patient was afebrile, only 
with mild clinical symptoms of hyperthyroidism. 
One month after the discharge from the hospi-
tal endocrinologist included thiamazole, weekly 
control of blood count and serum aminotransfe-
rase, which are still normal.

DISCUSSION 

The clinical presentation of the liver damage cau-
sed by medication is very diverse and the diagno-
sis is not easy (13). It is a common occurrence of 
taking several different medications at the same 
time, which further complicates the detection of 
drug, which is responsible for liver damage. It is 
important to know in which time period from the 
beginning of taking the medication symptoms 
appeared to exclude alcoholic liver disease, can-
cers, autoimmune and viral hepatitis (13).
In the literature in recent years, there are different 
views of toxic damage to the liver with propylt-
hiouracil. In most of them patterns of hepatocel-
lular damage are described, besides cytotoxic 
effect, as a result of idiosyncrasy correspon-
ding algorithms for the treatment were propo-
sed (14,15). In China, from 2000 to 2013 on a 
sample of 8,864 patients with hyperthyroidism 
serious hepatotoxicity of propylthiouracil was 
observed in 90 patients (1.02%), more frequently 
in women (2.2:1), middle aged (41,6 years) and 
most often in the first three months of starting tre-
atment (13). Although PTU-induced hepatotoxi-
city is rare and ranges from asymptomatic incre-
ase of aminotransferase to fulminant liver failure 
and death, the necessity of timely liver transplan-
tation should always be considered (16).
In the literature case reports of hyperthyroidism 
with PTU toxic hepatitis and hepatitis B are ra-
rely described. One of them (1990 from South 
Korea) describes a patient with chronic HBsAg 
carrier (HBsAg and anti-HBc positive, anti-HBc 
IgM, HBeAg and HBV DNA negative ), which 
had hyperthyroidism and toxic hepatitis after two 
years of treatment with PTU and/or methimazole, 

Laboratory
parameter

Days of hospitalization
Reference values

1st 2nd 7th 14th 21th 28th
Leukocytes 3.97 4.20 4.43 6.95 7.75 4.1 4.0-10.0 109 L-1

Erythrocytes 4.50 4.58 4.54 4.75 5.05 4.32 4.34-5.72x1012 L-1

Hemoglobin 12.5 12.2 12.2 13.0 13.9 12.6 11.9-15.7 g d L-1

Platelets 119 123 91 181 101 121 150-400x109 L-1

Glucose 6.5 6.3 11.7 21.8 16.7 7.7 3.3-6.1 mmol L-1

Urea 3.9 5.9 1.7-8.3 mmol L-1

Creatinine 58.0 36.0 79-125 mmol L-1

Bilirubin 149.1 277.7 260.5 93.5 61.4 37.8 1.1-18.8 µmol L-1

AST 941 945 414 26 28 0-38 U L-1

ALT 570 708 221 43 41 0-41 U L-1

LDH 302 339 255 135-225 U L-1

Albumin 32 34 34-48 g L-1

Globulin 47 47 21-39 g L-1

GGT 231 136 5-36 U L-1

ALP 217 130 35-120 U L-1

PT 90 74 100 59 105 100 70-120 %
INR 1.10 1.12 1.00 1.40 1.00 1.0 0.90-1.15 units INR
APTT 32.1 33.1 29.4 23.0 23.6 29 29-37 sec
TSH 0.27 0.03 0.34-5.6 µlU L-1,
FT3 14.01 13.59 2.5-3.9 pmol L-1

FT4 2.64 3.67 0.58-1.64 pmol L-1

Table 1. Laboratory parameters during hospitalization of the 
patient

AST, serum aspartate aminotransferase; ALT, alanine aminotransferase; 
LDH, lactate dehydrogenase; GGT, gamma glutamyl transpeptidase; 
ALP, alkaline phosphatase; PT, prothrombin time; INR, international 
normalized ratio; APTT, activated partial thromboplastin time; TSH, 
thyroid stimulating hormone; FT3, free triiodothyronine; FT4, thyroxine
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with acute hepatic failure and fatal outcome, but 
without reactivation of hepatitis markers of acute 
inflammation. Post-mortem liver biopsy showed 
micronodular cirrhosis with negative HBsAg and 
HBcAg in liver tissue (17).
The second case from 2008 is a case report of 
a patient with hyperthyroidism and PTU toxic 
hepatitis after two years of improper treatment, 
who had acute viral hepatitis B. The PTU was 
suspended, but because of goiter and extremely 
pathological values of thyroid hormone, the first 
plasmapheresis was made and then thyroid gland 
was removed surgically. On the fifth day after 
the surgery the patient’ liver function improved 
and FT4 level was low. The work showed that 
plasmapheresis may be fast, reliable and effec-
tive way to reduce thyroid hormone in serum, 
allowing the successful thyroidectomy in patients 
with severe thyrotoxicosis (18).
Because of polymorphism of hardships in the 
past ten years, our patient had a real polypra-
gmasy of drugs. She got the hyperthyroidism af-
ter recovered viral hepatitis B with HBsAg sero-
conversion (HBsAg negative, anti-HBs positive). 
The greatest potential for hepatotoxicity of all 
administered drugs probably should be referred 
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Povezanost prebolovanog hepatitisa B s nastankom toksičnog 
hepatitisa uzrokovanog propiltiouracilom  
Lejla Čalkić, Lejla Bajramović-Omeragić 
Služba za zarazne bolesti, Kantonalna bolnica Zenica

SAŽETAK 

Cilj Istražiti odnos između toksičnog hepatitisa uzrokovanog propiltiouracilom (PTU) i prebolovanog 
hepatitisa B, te ukazati na sve veći značaj upotrebe lijekova u nastanku hepatitisa.

Metode Prikazan je slučaj 45-godišnje bolesnice koja je, u zadnjih desetak godina, imala pravu poli-
pragmaziju lijekova zbog polimorfizma tegoba (diabetes melitus, depresija, hipertenzija, hipertireoza).

Rezultati Hipertireozu je dobila nakon prebolovanog virusnog hepatitisa B sa HBsAg serokonverzijom 
(HBsAg negativan, antiHBs pozitivan). Najveći potencijal za hepatotoksičnost od svih ordiniranih lije-
kova imao je PTU. Nakon kortikosteroidne terapije došlo je do znatnog poboljšanja jetrenih testova. U 
toku bolesti nije došlo do promjene hepatitis-markera i egzacerbacije hepatitisa B. 

Zaključak Klinička praksa mora cjelovito pratiti učinke zamršene i uske povezanosti lijekova, jetre i 
endokrinog sistema, kako bi bolje riješila sve manifestacije, komplikacije i pogoršanje jednog ili drugog 
organskog sistema.

Ključne riječi: lijekovi, hepatotoksičnost, hipertireoza, HBsAg serokonverzija
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ABSTRACT

Aim To identify and investigate a difference between microorga-
nisms present on intensive care unit (ICU) health care workers’ 
(HCW, doctors, nurses or medical technicians) and medical stu-
dents’ mobile phones as well as to investigate a difference between 
the frequency and the way of cleaning mobile phones.

Methods Fifty swabs were collected from HCWs who work in the 
ICU (University Hospital Centre Osijek) and 60 swabs from me-
dical students (School of Medicine, University of Osijek). Micro-
organisms were identified according to standard microbiological 
methods and biochemical tests to the genus/species level.

Results Out of 110 processed mobile phones, mobile phones 
microorganisms were not detected on 25 (22.7%),  15 (25%) stu-
dents’ and 10 (20%) HCW’s mobile phones. No statistically signifi-
cant difference was found between the number of isolated bacteria 
between the HCW’ and students’ mobile phones (p>0.05). Statisti-
cally significant difference was found between both HCW and stu-
dents and frequency of cleaning their mobile phones (p<0.001). A 
significant difference was also obtained with the way of cleaning 
mobile phones between HCWs and students (p <0.001). 

Conclusion The most common isolated microorganisms in both 
groups were coagulase-negative staphylococci (CoNS) and 
Staphylococcus aureus. Most HCWs cleaned their mobile phones 
at least once a week, 35 (52.0%), and most medical students se-
veral times per year, 20 (33.3%). HCW clean their mobile phones 
with alcohol disinfectant in 26 (40.0%) and medical students with 
dry cloth in 20 (33.3%) cases.

Key words: cell phones, swab, coagulase-negative staphylococci
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INTRODUCTION

Nowadays mobile phones have become an ine-
vitable part of our lives. Their number per capita 
is often much larger than the population of a co-
untry (1). Using mobile phones in hospitals can 
lead to improved quality of health care, especi-
ally in terms of faster communication in emer-
gency situations within hospital departments (2). 
However, with all the benefits that mobile phones 
offer, their potential role in microorganism tran-
smission has to be emphasized as well (3). While 
working with patients and touching their mobile 
phones, health care workers (HCW) can easily 
transmit microorganisms from patients to their 
mobile phones and vice versa. Combination of 
constant handling with the heat generated by the 
mobile phones can create a prime breeding gro-
und for many microorganisms (4).
Researchers reported different kinds of isola-
ted microorganisms from the surface of mobile 
phones. In some cases those microorganisms 
belong to the normal skin flora, but researchers 
have also isolated and given special attention 
to microorganisms which can cause nosocomial 
infections (5-6). Those infections are increasing 
day-by-day and are causing increased morbidity 
and mortality of hospitalized patients. Not only 
do they affect the general patients’ health but they 
are also a huge financial burden (7). 
Presence of nosocomial microorganisms is one of 
the main problems in the intensive care unit (ICU) 
today as well. The ICU cares for patients whose 
vital functions are at risk, patients are connected 
to various tubes and the entry of pathogens is very 
pronounced and easily enabled. Due to their cha-
racteristics, such patients are extremely sensitive 
to be infected by microorganisms that can be tran-
smitted, not only from any of the objects connec-
ted to the patient but also from mobile phones of 
HCWs  (8). For that reason, it is necessary to exa-
mine whether the HCWs in ICU clean their mobile 
phones, how often and what microorganisms can 
be found on the surface. It is expected from HCWs 
who work in the intensive care unit to pay special 
attention to hand hygiene before and after using 
mobile phones (9-10). Nevertheless, medical stu-
dents, who are participating in the work of the cli-
nic, could also transmit microorganisms-potential 
causes of nosocomial infections through their mo-
bile phones maybe even more often (11). 

The aim of this study was to determinate the pre-
sence (species) of microorganisms on health care 
workers’ and medical students’ mobile phones, 
to investigate their awareness of the presence of 
microorganisms and the way of cleaning of the-
ir mobile phones, as well as to find a potential 
correlation between the frequency and the way 
of cleaning mobile phones, and the number of 
microorganisms isolated.

MATERIALS AND METHODS

Study design

The study was conducted in the tertiary care te-
aching hospital - University Hospital Center Osi-
jek, Croatia, in April 2012, and at the School of 
Medicine, University of Osijek, Croatia in October 
2012. A total number of 110 mobile phones were 
swabbed and included in this study: 50 swabs were 
collected from health care workers (working in the 
Intensive Care Unit) and 60 swabs were collected 
from medical students. Gender, age, profession, 
year of study, awareness of microorganisms on 
mobile phones, routine cleaning and cleaning 
agent of the mobile phones were recorded. After 
filling out questionnaires, swabs of mobile phone 
were taken from participants’ mobile phones. 

Methods

A plain sterile swab (Copan S.p.A, Brescia, Italy) 
moistened with sterile saline, was rotated over 
the surface of both sides of mobile phones. The 
swabs were applied to blood agar plates (BD 
BBL Blood agar base + 5% horse blood) (Spar-
ks, MD, USA) and incubated aerobically during 
18-24 hours at 35 (± 2) °C (12). Microorganisms 
were identified according to standard microbio-
logical methods and biochemical tests to the ge-
nus/species level (13). Cefoxitin disk (BD Sensi-
Disc, Heidelberg, Germany) was used to detect 
Staphylococcus aureus resistant to methicillin 
(MRSA; inhibition zone ≥22 mm) (14-15). 
Participants were not previously informed by the 
date of collecting the samples. All participants 
filled out an anonymous questionnaire about the-
ir habits of cleaning and cleaning agent for the-
ir mobile phones, awareness of the presence of 
microorganisms on their mobile phones. 
Participation in the survey was voluntary and 
anonymous. Oral consent was taken from all the 
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participants who agreed to participate in this stu-
dy. The study was conducted in accordance with 
the rules and ethical principles of the Ethics Com-
mittee of the School of Medicine in Osijek and as 
a part of the graduate work it was approved by 
the Committee for final and graduate exams of 
the School of Medicine in Osijek.

Statistical analysis

The difference observed between the groups was 
tested by Pearson Chi-Square test and Fisher’s 
exact test. Statistical significance level was con-
firmed at p<0.05.

RESULTS

The study included 50 HCWs working in intensive 
care unit: 13 physicians, specialists in anesthesio-
logy, intensive care and reanimatology; 12 senior 
nurses/senior medical technicians and 25 nurses /
medical technicians, all aged 20 to 60 (mean 33.96 
± 9.65) years. Also, this study included a total of 
60 students: 21 attended the 4th grade, 18 the 5th 
grade and 21 attended the 6th grade (last year of 
the study), all aged 20 to 27 (mean 22.75 ± 1.31).
No statistically significant difference was found 
between the number of isolated bacteria betwe-
en HCWs’ and medical students’ mobile phones 
(p> 0.05). 
Out of 110 processed mobile phones, mobile 
phones microorganisms were not detected on 25 
(22.7%), 15 (25%) of all students’ mobile phones  
and 10 (20%) HCWs’ mobile phones. The most 
common isolated microorganisms in both groups 
were coagulase-negative staphylococci (CoNS) 
and Staphylococcus aureus.  
One microorganism was present on 38 (34.5%), 
two microorganisms on 31 (28.2 %) and three 
microorganisms were detected on 16 (14.5%) mo-
bile phones (Table 1). The MRSA was not detected. 
There was no statistically significant difference 
between the number of isolated microorganisms 
on mobile phones whether they were owned by 
physicians, senior nurses/medical technicians 
and nurses/medical technicians (p>0.05). Howe-
ver, a statistically significant difference between 
the number of isolated microorganisms among 
medical students’ mobile phones (p<0.001) was 
found (Figure 1). The highest number of isolated 
microorganisms was on medical students’ mobile 
phones on 5th year of study.

A statistically significant difference was found 
between both HCWs and medical students and 
the frequency of cleaning their mobile phones 
(p<0.001). Only four (8.0%) and 15 (25.0%) 
HCWs and medical students, respectively, never 
cleaned their mobile phones (Table 2).
A significant difference was also obtained with 
the way of cleaning mobile phones betwe-
en HCWs and medical students (p<0.001): 20 
(33.3%) medical students cleaned their mobile 
phones with a dry cloth (e.g. handkerchief, ti-
ssue) and 20 (40.0 %) HCWs cleaned their mo-
bile phones with alcohol disinfectant (e.g. ethyl 
alcohol, isopropyl alcohol) (Table 3).

Microorganism isolated
No (%) of health 

care workers
 (n= 50)

No (%) of medi-
cal students

 (n=60)

Gram-positive bacteria
Coagulase negative staphylococci 34 (68) 43 (71.67)
Staphylococcus aures 13 (26) 9 (15)
Sarcina spp. 4 (8) 2 (3.33)
Bacillus spp. 2 (4) 0 
Corynebacterium spp. 1 (2) 2 (4)
None 10 (20) 15 (25)
Gram-negative bacteria
Non-fermenting 0 1 (1.67)
Neisseria spp 0 1 (1.67)

Table 1. Microorganisms identified from health care workers’ 
and medical students’ mobile phones* 

*on some mobile phones there were more than one isolated microor-
ganism species

No (%)  participants with cleaning frequency

Group Never
Several 

times per 
year

Several 
times per 

month

At least 
once a 
week

Total

Medical 
students 15 (25.0) 20 (33.3) 16 (26.7) 9 (15.0) 60 (100.0)

HCW 4 (8.0) 5 (10.0) 15 (30.0) 26 (52.0) 50 (100.0)
Total 19 (17.3) 25 (22.7) 31 (28.2) 35 (31.8) 110 (100.0)

Table 2. Frequency of cleaning medical students’ and health 
care workers’ (HCW) mobile phones

Figure 1. Number of different microorganism species on medi-
cal students’ mobile phones on 4th, 5th and 6th year of study

Kotris et al. Phone os health care workers and medical students
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A total number of 50 (83.3%) medical students 
and 42 (84.0%) HCWs had awareness of the pre-
sence of microorganisms on their mobile phones. 
Only 10 (16.7%) medical students and eight 
(16.0%) HCWs did not think about that. In total 
92 (83.6%) participants had awareness of the pre-
sence of microorganisms on their mobile phones 
and 18 (16.4%) did not think about that.

DISCUSSION

Although there are reports that document the con-
tamination of mobile phones among HCWs’ and 
medical students’ mobile phones (8), so far no 
study has ascertained the contamination of mobile 
phones with microorganisms among medical stu-
dents (16). We found that medical students’ mobi-
le phones (with 2 Gram-negative bacteria isolated) 
were slightly more contaminated with microor-
ganisms than HCWs’ mobile phones; there was 
also a difference between the numbers of isolated 
microorganisms on mobile phones among medical 
students regarding their year of the study, the 5th 
year medical students had the largest number of 
isolated microorganism on their mobile phones). 
Because of that, the students constantly need to 
emphasize the importance and ways on preventing 
the spreading of microorganisms through their mo-
bile phones. Through their further education more 
effort should be made to improve that knowledge.
In this study, 77.3% of 110 mobile phones from 
the entire study group were found contaminated 
by microorganisms. Elkholy and Ewees in Cairo 
reported mobile phone contamination of 96.5% 
(17), with 42% of phones grew one bacterial spe-
cies, 29% two and 25.5% three or more different 
species. In our study we obtained similar data, 
34.5%, 28.2%, and 14.5%, respectively. A group 
of authors from Barbados found that that the rate 
of bacterial contamination of medical staff’s mo-
bile phones was 45% of 101 mobile phones (16). 
But on the other hand, Karabay et al. from Turkey 
reported bacterial contamination on 90.1 % of 122 
mobile phones of healthcare personnel (18).

Microorganisms which were isolated in our stu-
dy indicate that mobile phones are relatively free 
from pathogenic microorganisms. Akinyemi et al. 
did not isolate nosocomial pathogens like Pseu-
domonas aeruginosa, Klebsiella pneumoniae, Es-
cherichia coli, Enterococcus feacalis (19). Ibrahim 
Badr and Ali from Egypt isolated Serratia marse-
cens and Proteus mirabilis from HCWs’ mobile 
phones (20). A group of authors (Gibbons, Powlett) 
from Barbados isolated Pseudomonas aerugino-
sa, Acinetobacter, Enterobacter and Klebsiella 
spp from medical staff’s (including medical stu-
dents’) mobile phones. (16). Hirsch et al. reported 
contamination of CoNS from the vast majority of 
iPads (21). CoNS are a broad group of species that 
commensally inhabit the human skin and mucous 
membranes (22-23) and consequently they are the 
most isolated microorganism from mobile phones.  
Although they are less virulent than S. aureus and 
almost non-pathogenic in healthy individuals, their 
persistence on hospital surfaces and devices (inclu-
ding mobile phones) can be the source of blood-
stream infections (24). None of S. aureus in the 
present study was methicillin resistant.
Awareness of the presence of microorganisms on 
mobile phones’ surfaces of HCWs and medical 
students was strongly expressed among our res-
pondents, 83.3% and 84%, respectively. It may be 
associated with the implementation of “My five 
moments for hand hygiene“, which was constantly 
carried out in our hospital (25). Gashaw et al. re-
ported awareness of 70.7 % (26), similar to 78% 
reported in United Kingdom (27). In the present 
study only small number of both HCW and medi-
cal students never clean their mobile phones (8.0% 
and 25%, respectively). The  group of authors from 
Barbados reported that 53% (of 116) medical staff 
and medical students never cleaned their mobi-
le phones, and a study from Croatia showed that 
100% of 40 health care stuff never cleaned their 
mobile phones, 40.0 % of the HCWs wipe their mo-
bile phones with alcohol disinfectant and only 10% 
of medical students (16,28). Medical students in 
most cases wipe their mobile phones with dry cloth 

No (%) of participants cleaning with
Group Dry cloth Alcohol disinfectant Dry cloth and alcohol disinfectant Not at all Other ways Total
Medical students 20 (33.3) 6 (10.0) 13 (21.7) 15 (25.0) 6 (10.0) 60 (100.0)
HCW 8 (16.0) 20 (40.0) 15 (30.0) 4 (8.0) 3 (6.0) 50 (100.0)
Total 28 (25.5) 26 (23.6) 28 (25.5) 19 (17.3) 9 (8.2) 110 (100.0)

Table 3. Cleaning agent of the mobile phones

HCW, Health care workers
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(33.3%). It is recorded that using 70% isopropyl 
alcohol can be effective as a disinfectant (28-31). A 
group of authors from Thailand showed that after 
cleaning mobile phones with alcohol no microor-
ganisms were detected (32), and Purohit and Singh 
from India reported that after decontamination sur-
faces of mobile phones with alcohol bacterial load 
was reduced by 87% (33). However, our study did 
not statistically prove the correlation between the 
number of isolated colonies of microorganisms and 
methods used to clean mobile phones. 
Besides of low number of participants the limitati-
on of this study is, that participants may have had 
tendencies to over-report their cleaning behaviors 
that are deemed to be acceptable. Possible surface 
mobile phone cleaning prior to swab collecting can 
be neglected since participants were neither previo-
usly informed of the date the samples were to be 
collected nor when the study was to be conducted. 
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Cilj Identificirati i istražiti razliku između mikroorganizama prisutnih na mobilnimtelefonimazdravst-
venih radnika u jedinici intenzivnog liječenja (liječnici, medicinske sestre ili medicinski tehničari) i 
studenata medicine, kao i razliku između učestalosti i načina čišćenja mobilnih telefona.

Metode Pedeset briseva je prikupljeno s mobilnih telefona zdravstvenih radnika koji rade u jedinici 
intenzivnog liječenja KBC Osijek i 60 briseva s mobilnih telefona studenata medicine Medicinskog fa-
kulteta Sveučilišta u Osijeku. Mikroorganizmisu identificirani standardnim mikrobiološkim postupcima 
i biokemijskim testovima do razine roda/vrste. 

Rezultati Od sveukupno 110 obrađenih briseva mikroorganizmi nisu izolirani iz 25 (22,7%), od če-
gakod 15 (25%) studenata, a 10 (20%) kod zdravstvenih radnika. Nije bilo statistički značajne razlike 
između broja izoliranih bakterija na mobilnim telefonima zdravstvenih radnika i studenata medicine (p> 
0,05). Statistički značajna razlika pronađena je između učestalosti čišćenja mobilnih telefona zdravstve-
nih radnika i studenata (p <0,001). Značajna razlika je također dobivena kod načina čišćenja mobilnih 
telefonaizmeđu zdravstvenih radnika i studenata (p <0,001).

Zaključak Najčešće izolirani mikroorganizmi u obje skupine ispitanika bili su koagulaza negativni sta-
filokoki (CoNS) i Staphylococcus aureus. Većina zdravstvenih radnikačistili su svoje mobilne telefone 
barem jednom tjedno, 35 (52,0%), a studenti medicine najčešće su ihčistilinekoliko puta godišnje, 20 
(33,3%). Zdravstveni radnici, 26 (40,0%),čistili su svoje mobilne telefone alkoholom, a studenti medi-
cine, 20 (33,3%), suhom krpom.

Ključne riječi: mobilni telefon, bris, koagulaza negativni stafilokok
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ABSTRACT

Aim To investigate a correlation between cervical canal infection 
and imminent preterm labor and to identify most frequent patho-
gens. 

Methods  A prospective study  was conducted in obstetrics/gyne-
cology departments of Health Center and the University Clinical 
Center Tuzla, and General Hospital Tešanj (Bosnia and Herzego-
vina, B&H) between October 2013 and May 2014. An examined 
group included 50 healthy pregnant women with singleton pre-
gnancy of the gestation age between the 28th and 37th week, with 
cervical changes that are related to imminent preterm labor. Chan-
ges were detected by ultrasound biometry of cervix and modifi-
ed Bishop score. A control group included 30 healthy pregnant 
women with singleton pregnancy of the gestation age between the 
28th and 37th week of pregnancy without signs of imminent preterm 
labor. Cervical mucus was microbiologically analyzed for identi-
fication of pathogens.

Results The infection in cervical canal was proven in 35 (70%) exa-
minees and four (13%)  patients from the control group (p=0.015). 
In seven (20%) cases each Ureaplasma and Mycoplasma were de-
tected followed by E. coli in five (14%) cases (p=0.001).

Conclusion Cervical canal infection is associated with changes 
on cervix and premature rupture of fetal membranes, i.e. preterm 
labor and imminent preterm labor. Screening for infection before 
pregnancy should be the main task of family doctors as well as 
gynecologists. 

Key words: uterine cervicitis, premature birth, pregnancy com-
plication
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INTRODUCTION

Preterm labor is defined as labor that begins befo-
re 37 completed weeks of pregnancy (1-3).
More than 12% of infants born in the USA are pre-
term (1). Being one of most serious medical pro-
blems, it causes 28% of all early neonatal deaths 
which, are not related to congenital malformations 
(deaths within the first 7 days of life) (2). Preterm 
birth rates have been reported to range from 5% to 
7% of live births in some developed countries, but 
they are estimated to be substantially higher in de-
veloping countries (10-13%), even more, in some 
countries (Pakistan, Indonesia, Mauritania) very 
high rates (15-16%) were reported (1-4). Unfortu-
nately, there are no official data about prematurity 
prevalence for Bosnia and Herzegovina. Preterm 
birth is the major cause of neonatal morbidity and 
mortality in developed countries.  Sequelae of pre-
term birth are common in the neonatal period, they 
may persist into adulthood and are inversely rela-
ted to gestational age (1-5). 
There are numerous causes of preterm labor, howe-
ver, infection of the birth passageway is one of the 
most important causes due to its high participation 
in the total number of preterm labors and also due 
to the fact that it poses a double burden and threat 
for newborns (1-5). At least 40% of preterm births 
are associated with intrauterine infection (3-5).  In 
individual cases it is often difficult to determine 
whether infection is the cause or consequence of 
the processes leading to preterm delivery (5).  
However, infection and inflammation generated 
by infection are primary causes of a substantial 
proportion of preterm births evidenced by the 
facts that amniotic fluid of patients with preterm 
labor has higher rates of microbial colonization 
and levels of inflammatory cytokines than pre-
term patients not in labor and term patients in 
labor; intrauterine or systemic administration of 
microbes or microbial products to pregnant ani-
mals can result in preterm labor and delivery, 
extrauterine maternal infections such as pyelo-
nephritis, pneumonia and periodontal disease 
have been associated with premature parturition, 
subclinical intrauterine infections are associated 
with preterm labor and delivery, patients with in-
tra-amniotic infection or intrauterine inflammati-
on (i.e. elevation of amniotic fluid cytokines and 
matrix-degrading enzymes)  identified as early as 
the mid-trimester are at risk for subsequent pre-
term delivery (4-10).

Infection in the birth canal, primary in cervical 
canal, is connected with changes on cervix, pre-
mature  rupture of fetal membranes and prema-
turity as well as with direct impact on a newborn 
who is immunologically insufficiently protected 
from infection to which it is exposed (8-11). A ti-
mely detection of the infection and the treatment 
in preconception and early conception period 
would certainly decrease the prematurity rate 
thus reducing perinatal morbidity and mortality, 
while overall health status of pregnant women 
would have a favorable course (8-12).
In developing countries the incidence of lower 
genital tract infections during pregnancy is rather 
high and ranges between 40-54% including pre-
gnant women with no signs of infection (1,2, 
5-10). Such infections include vulvovaginitis (col-
pitis), cervicitis, bartolinitis. Intrauterine infection 
is often associated with preterm delivery. There are 
numerous reports showing the role of infection in 
initiating the mechanism of preterm labor (13-18). 
Infections such as pyelonephritis or pneumonia are 
often associated with preterm delivery, yet the tre-
atment of asymptomatic bacteriuria can prevent the 
activation of the mechanism of preterm labor (7,11, 
18-21). Non-manifest (subclinical) and manifest 
intrauterine infections also lead to the occurren-
ce of preterm delivery, while the treatment of as-
cending intrauterine infection with antibiotics can 
prevent prematurity. Non-manifest (subclinical) or 
clinically manifest infection of the genital tract is 
responsible for at least one third of preterm deli-
veries (7,11,18). Experimental studies have proven 
that intrauterine infections or systemic administra-
tion of products of microorganisms to pregnant 
animals may result in preterm labor (11, 18-21). 
In Bosnia and Herzegovina the incidence of 
lower genital tract infections during pregnancy 
is not known.  Also, no studies dealing with this 
issue have been conducted. 
The aim of the study was to investigate the pre-
sence of cervical canal infections in threatened 
preterm labor.

PATIENTS AND METHODS

Study design and examinees

The prospective study was conducted in obste-
trics department of obstetrics/gynecology depar-
tments of Health Center in Tuzla and the Gyne-
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cology and Obstetrics Clinic of the University 
Clinical Centre in Tuzla, and General Hospital 
Tešanj, in the period September 2013 - May 
2014. The selection of medical institutions for 
the investigation was based on population simi-
larity which they cover. 
The examined group included 50 healthy pregnant 
women with singleton pregnancy of the gestation 
age between the 28th and 37th week, who had cervi-
cal changes related to threatened preterm labor de-
tected by transvaginal ultrasound  measurements 
of the cervix (Cervical score, CS) and modified 
Bishop score (BS), without any other known cau-
se of preterm delivery,  maternal of fetal, including 
uterine anomalies or fetal anomalies.
The control group included 30 healthy pregnant 
women with singleton pregnancy of the gestation 
age between the 28th and 37th week of pregnancy 
who had no changes indicating threatened pre-
term labor, without any other known cause of 
preterm delivery, maternal or fetal.
Approvals of the Ethics Committees of all insti-
tutions participating in the study were obtained 
(Health Center Tuzla, General Hospital Tešanj).

Methods

Modified Bishop score used in this study inclu-
des assessment of cervical length, cervical softe-
ning, canal dilatation, amniotic membrane inte-
grity. To be related to imminent preterm delivery, 
there had to be a minimal number of changes or 
minimal degree of changes measured by Bishop 
score marked with Bishop score 2 or more, i.e. at 
least two minimally changed parameters or one 
significantly changed parameter (Table 1).
A condition of uterine cervix was checked by tran-
svaginal  ultrasound  and elements were monito-
red and scored according to cervical score (CS) 
( 4,11), which includes measurement of cervical  

length, dilatation  of cervical canal and openness 
of internal ostium: closed internal ostium (T), par-
tially (moderate) open  ostium  (Y), and wide open  
ostium (U). Ideal Cervical Score includes cervical 
length of ≥40 mm, closed cervical canal  and  “T” 
shape of internal ostium (Table 2).

Bishop score (50 patients)

Parameters 0  1
16 (32%)

2 
30 (60%)

3 
4 (8%)

Dilatation  of cervical 
canal (cm) closed 1 – 2 3 – 4 5

 and more
Cervical length (cm) 3 2 1 0
Cervical consistency hard middle tempered soft
Amniotic membrane  
integrity existing - -  ruptured

Table 1. Assessment of the condition of cervix based on 
cervical length, dilatation, consistency  and amniotic mem-
branes integrity

Cervical score  
Score 

Parameters 0 1 2
Cervical length (mm) 30 and more 20 less than  20
Dilatation  of cervical canal (mm) 0 3 -5 more than  5
Shape of internal ostium T Y U

Table 2. Assessment of the condition of cervix by transvaginal 
and transabdominal ultrasound based on measurement of 
cervical length, dilatation and internal ostium shape

T, closed internal ostium; Y, partially (moderate) open  ostium;  U, 
wide open  ostium (U)

Each patient was followed during regular obste-
tric check-ups in intervals of 15-21 days.
All patients had cleanliness of their cervical mu-
cus determined by taking a smear of cervical canal 
for microbiological analysis with identification of 
microbiological agent. Microbiological analyses 
were done at the Department of Microbiology of 
the General Hospital Tešanj. Smears were culti-
vated at blood agar for detection of gram positive 
cocci, endo agar for detection of gram negative ba-
cilli, liquid Sabouraud agar for detection of Can-
dida spp. For detection of the presence of Strep-
tococcus agalactiae (Group B) or Enterococcus 
fecalis (Group D), Mastsrep test (Mastgroup, Ger-
many) was used. For detection of the presence of 
Staphylococcus spp. Maststaph  test (Mastgroup, 
Germany) was used. Sensitivity or resistance of 
bacteria to antibiotics is examined. Mycoplasma 
hominis (M. hominis) and Ureaplasma urealyti-
cum (U. urealyticum) were detected and identified 
by specific API tests (Biomerieux, Marcy l’Etoile, 
France) as well as their sensitivity/resistance; the 
procedure takes up to 48 hours. 
For detection of Chlamydia trachomatis in vitro 
diagnostic Rapid test (of high sensitivity) Accu-
biotech Co. Ltd., China, Mainland) was used.
Detection of Trichomonas vaginalis was done  by 
examination of a native preparation, where only 
mobile trophozoites of Trichomonas were noted. 

Statistical analysis

Results are shown in the form of contingency 
tables (numbers with two decimal places). The 
χ2 test, standard deviation, Fisher test, Student 
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T test, and relative risk (RR) were used for the 
analysis. The significance level was p≤0.05.

RESULTS

The presence of infection in cervical canal was 
proven in 35 (70%) examinees and four (13%) 
patients from the control group (p=0.015). 
Presence of the infection in cervical canal in 
examinees with Bishop score 1 was found in 16 
(32%) cases, in examinees with Bishop score 2 
in 30 (60%) and examinees with Bishop score 3 
in four (8%) cases without statistically significant 
difference (p=0.618) (Table 1).
Most often the infection had one pathogen isola-
ted, in 23 (66%) cases, while in 12 (34%) more 
than one pathogenic agent were found in cervical 
canal smear (p=0.001) (Table 3).
In the most cases U. urealyticum and M. homi-
nis were detected, in seven (20%) cases each 
(p=0.001), followed by E. coli, in five (14%), 
Trichomonas in four  (11%), Streptococcus hae-
moliticus group B and Chlamydia trachomatis 
in three (9%) cases each; other infectious agents 
made a total of six (17%) cases (Enterococcus 
faecalis, Pseudomonas aeruginosa and Staphylo-
coccus aureus) (Table 4). 
In patients from the control group infections of 
cervical canal were found in four (13%) patients 
with equal distribution of E. coli,  U. urealyiti-
cum, Trichomonas vaginalis, and Enterococcus 
foecalis in one (3.3%) case each, while infections 
caused by Mycoplasma, Chlamydia and Strepto-
coccus were not found (Table 4).

DISCUSSION

Preterm labor is a huge health problem in perina-
tology. Thus, there have been continuous efforts 

of obstetricians to prevent preterm labor, becau-
se the selection of pregnant women who are at 
risk and prevention of prematurity would signi-
ficantly decrease the rate of perinatal morbidity 
and mortality (1-5, 10-13). The link between in-
fection and preterm labor has been confirmed by 
many authors (5-10, 17-30). 
This study has shown that infection of cervical 
canal healthy pregnant women with singleton 
pregnancy of the gestation age between the 28th 
and 37th week was frequently associated with 
changes (70%) on uterine cervix, which could be 
easily detected by Bishop score and cervicome-
tric score, with statistically significant difference 
when compared with the control group. Similar 
results are presented in numerous studies (7, 18-
30). Romero reported 42% of preterm birth pati-
ents with positive amniotic fluid culture (7). Ver-
ma at al. concluded that urogenital infection was 
2.1 times (36.54 %) frequently noticed in women 
with preterm labor compared to the patient with 
term birth (14).  In our study one agent was most 
frequently isolated (66%), but in 34% of cases 
there was an infection with several microbiolo-
gical agents. When compared to other reports we 
did not find any study investigating mixed versus 
isolated infections. It could be explained by the 

No (%) of patients
BS 1 BS 2 BS 3 TOTAL

Isolated microbiological agent Single 
infection

Mixed 
infection

Single 
infection

Mixed 
infection

Single 
infection

Mixed 
infection

Single
infection

Mixed
infection

U. urealyticum 3 (19) 1 (7) 3 (22) 1 (8) 1 (17) 0 7 (20) 2 (6)
M. hominis 2 (13) 1 (6) 2 (15) 0 1 (17) 0 5 (14) 1 (3)
E. coli 1 (6) 1 (6) 1 (8) 1 (8) 0 0 2 (6) 2 (6)
Trichomonas 1 (6) 0 1 (8) 0 0 0 2 (6) 0
Streptococcus haemoliticus group B 0 1 (6) 0 1 (8) 1 (17) 1 (17) 1 (3) 3 (8)
Chlamydia trachomatis 1 (6) 0 1 (8) 0 0 0 2 (6) 0
Enterococcus faecalis 1 (6) 1 (6) 0 0 0 0 1 (3) 1 (3)
Pseudomonas aeruginosa 0 0 0 0 0 0 0 0
Staphylococcus aureus 1 (6) 1 (6) 1 (8) 1 (7) 1 (16) 1 (16) 3 (8) 3 (8)
Total 10 (62) 6 (38) 9 (69) 4 (31) 4 (67) 2 (33) 23 (66) 12 (34)

Table 3. Distribution of microbiological agents in single/mixed infections of preterm patients according to Bishop score (BS)

No (%) of patients
Isolated pathogen Examinees Controls 
Ureaplasma urealiticum 7 (20) 1 (3.3)
Mycoplasm hominis 7 (20) 0
Escherichia  coli 5 (14) 1 (3.3)
Trichomonas vaginalis 4 (11) 1 (3.3)
Streptococcus haemoliticus group B 3 (9) 0
Chlamydia trachomatis 3 (9) 0
Enterococcus faecalis, 2 (6) 1 (3.3)
Pseudomonas aeruginosa 1 (2) 0
Staphylococcus aureus 3 (9) 0
Total 35 (100) 4 (13)

Table 4.  Pathogens isolated from cervical mucus of exami-
nees and controls
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fact that only one pathogen is sufficient to cause 
tissue damages and preterm membrane rupture or 
cervical changes (4-7, 20). 
Analyzing the condition of cervix, no connection 
between the severity of a change or higher Bis-
hop index or cervicometric index and the number 
of different microbiological agents was found. 
It could be explained by the fact that toxicity of 
only one agent is sufficient to cause changes on 
uterine cervix, which can be registered either by 
the Bishop score or cervicometric screening (1, 
6-7, 20-27). In 4% of examinees in this study the 
infection was connected with premature rupture 
of fetal membranes and preterm labor.  
It is important to note that even 40% of examinees 
had infection caused by M. hominis or U. urealyti-
cum, which places those microbes in the center of 
attention.  Mycoplasma and ureaplasma are con-
ditionally pathogenic bacteria having in mind that 
they make a part of normal flora of female lower 
genital tract (20-27). Similar results are reported 
by numerous authors (20-27) suggesting a need 
for testing of pregnant women for this infection. 
Averbach (21) reported that prevalence of myco-
plasma colonization at the first prenatal visit was 
8.4%, while the incidence of preterm delivery was 
16.7%. The incidence of preterm delivery did not 
differ with respect to mycoplasma colonization. 
The crude odds ratio for preterm delivery among 
women with mycoplasma colonization versus tho-
se without it was 1.27 (95% confidence interval, 
0.02–14.78).  A high percentage of infection of 
upper respiratory tract of premature newborns was 
found (20). In a recent cohort study of infants un-
der 33 weeks gestation, Sung reported that  Urea-
plasma  spp. was detected during the first week of 
life in tracheal aspirates or nasopharyngeal aspi-
rates in 35% of infants (25). Kwak  at al. reported 
that prevalence of positive vaginal fluid cultures 
for genital mycoplasma was 62.5% in the group  
that included 99 patients carrying only ureaplasma 
and 13 carrying both (ureaplasma and mycopla-
sma) organisms, while no patients were found to 
carry only mycoplasma. Compared to patients po-
sitive only to ureaplasma, patients with both orga-
nisms showed significantly decreased gestational 
age at birth (26).
E. coli was found in 14% of examinees, which ma-
kes it the second most frequent pathogen in cervi-

cal mucus that can be associated with preterm deli-
very. Similar results have been published by other 
authors too (23-29 ). Rasa reported prevalence of  
E. coli vaginal colonization of 19% (29). Krohn 
evaluated the relationship of vaginal Escherichia 
coli colonization to birth weight <1500 g and other 
perinatal complications in a cross-sectional study 
of 2646 women and reported that vaginal E. coli 
colonization was more strongly associated with 
delivery at <34 weeks (relative risk 1.7; 95% con-
fidence interval 1.3-2.3) (26). 
According to  Koumans, bacterial vaginosis is 
the most common cause of vaginal symptoms 
among women. The prevalence in the United Sta-
tes is estimated to be 21.2 million (29.2%) among 
women aged 14–49 (28). 
Trichomonas infection was registered in 11% of 
examinees and chlamydia infection in 9% of exa-
minees in this study. Krashin found T. vaginalis in 
19% examinees (30), while reports of chlamydia 
infections varied from 3-13% (13-15). Low rate 
of those two pathogens in the presented study was 
less expected but the explanation could be found 
in frequent usage of vaginal antibiotics contai-
ning metronidazole and tetracycline, which are 
commonly used for the treatment of vaginal dis-
charge even without doctor’s prescription (6,19). 
In conclusion, an infection of the birth pa-
ssageway, primarily the existing infection in cer-
vical canal, is associated with changes on cervix 
and preterm rupture of fetal membranes, i.e. pre-
term labor and threatened preterm labor. Scree-
ning for infection before pregnancy should be the 
main task of family doctors as well as gyneco-
logists. Detection and treatment of infections in 
early pregnancy are already compromised due 
to limited usage of antibiotics, but the treatment 
should start as soon as possible. 
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Infekcija cervikalnog kanala i prijevremeni porođaj
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SAŽETAK

Cilj Ispitati povezanost infekcije cervikalnog kanala i prijetećeg prijevremenog porođaja.

Metode Prospektivna studija provedena je u ginekološko-akušerskim ambulantama Doma zdravlja i 
Univerzitetskog kliničkog centra u Tuzli te Općoj bolnici u Tešnju, u periodu od oktobra 2013. do maja 
2014. godine. Ispitivanu skupinu činilo je 50 zdravih trudnica s jednoplodnom trudnoćom, gestacijske 
dobi između 28. i 37. nedjelje, kod kojih je na osnovu ultrazvučne biometrije i modificiranog Bishop-
skora utvrđeno stanje prijetećeg prijevremenog porođaja, dok je kontrolnu skupinu činilo 30 zdravih 
trudnica s jednoplodnom trudnoćom, gestacijske dobi između 28. i 37. nedjelje, kod kojih nisu prona-
đene promjene koje bi upućivale na stanje prijetećeg prijevremenog porođaja. Kod svih pacijentica je 
utvrđeno stanje čistoće cervikalne sluzi uzimanjem brisa cervikalnog kanala i izolovanjem mikrobio-
loškog agensa.

Rezultati Prisustvo infekcije u cervikalnom kanalu dokazano je kod 35 (70%) ispitanica i 4 (13%) paci-
jentice kontrolne skupine. Najčešće su otkrivane Ureaplasma kod 7 (20%), Mycoplasma kod 7 (20%) i 
E. coli kod 5 (14%) ispitanica (p=0.001).

Zaključak Infekcija porođajnog kanala udružena je s pojavom promjena na cerviksu i prijevremen-
im prskanjem plodovih ovojnica, odnosno s prijevremenim porođajem i prijetnjom prijevremenog 
porođaja. Vodeći zadatak porodičnih liječnika, kao i ginekologa, morao bi biti probir na infekcije cervi-
kalnog kanala prije nastanka trudnoće.

Ključne riječi: cervicitis, komplikacije u trudnoći, prijevremeni porođaj

Mešić Đogić et al. Cervical infection and preterm labor
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ABSTRACT

Aim To determine the prevalence rate and resistance profile of 
Streptococcus agalactiae (S. agalactiae) in vaginal swabs of pre-
gnant and adult non-pregnant women in the Tuzla region, Bosnia 
and Herzegovina (B&H), as well as its association with other ae-
robic bacteria. 

Methods This prospective study included 200 women, 100 pre-
gnant and 100 adult non-pregnant. The research was conducted 
at the Institute of Microbiology, University Clinical Center Tuzla 
from October to December 2015. Standard aerobic microbiolo-
gical techniques were used for isolation and identification of S. 
agalactiae and other aerobic bacteria. Antimicrobial susceptibility 
was determined by the disk diffusion and microdilution method 
(VITEK 2/AES instrument). 

Results Among 200 vaginal swabs, 17 (8.50%) were positive for 
S. agalactiae, e. g., 7% (7/100) of pregnant and 10% (10/100) of 
adult non-pregnant women. In the pregnant group, 71.4% (5/7) of 
S. agalactiae isolates were susceptible to clindamycin and 85.7% 
(6/7) to erythromycin. In the adult non-pregnant group, only resi-
stance to clindamycin was observed in one patient (1/10; 10%). S. 
agalactiae as single pathogen was isolated in 57.14% (4/7) of pre-
gnant and 60% (6/10) of adult non-pregnant S. agalactiae positive 
women. In mixed microbial cultures S. agalactiae was most frequ-
ently associated with Enterococcus faecalis and Escherichia coli.

Conclusion The rate of S. agalactiae positive women in the popu-
lation of pregnant and adult non-pregnant women of Tuzla Canton, 
B&H is comparable with other European countries. Large studies 
are needed to develop a common national strategy for the preventi-
on of S. agalactiae infection in B&H, especially during pregnancy.

Key words: vaginal diseases, reproductive tract infections, bacte-
rial infections
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INTRODUCTION

Streptococcus agalactiae (S. agalactiae) (group B 
streptococcus, GBS) is a Gram–positive bacteri-
um that often asymptomatically colonizes healthy 
adults. S. agalactiae is present as a part of the nor-
mal microflora of the female genital tract (25% 
of healthy women) and the lower gastrointestinal 
tract (1, 2). However, this opportunistic bacterium 
can effectively adapt to changes in the host envi-
ronment, express virulence factors which enable 
it to break the innate immunity barrier of the host, 
and cause serious invasive diseases and tissue da-
mage (2-4). A very important virulence factor of S. 
agalactiae clinical isolates is a capsular polysacc-
haride antigen rich in sialic acid, although in the 
pathogenesis of infection other antigens may play 
important roles as well (5). Based on the capsular 
antigen, S. agalactiae is divided into ten serotypes 
labelled as Ia, Ib, II – IX (4). 
S. agalactiae is an important infectious agent 
in pregnant women and adult non pregnant wo-
men (age 20-59). Genital tract colonization with 
S. agalactiae of adult women varies between 
5-40% depending on the age, health and physi-
ological status of tested female population (6,7). 
The incidence of invasive diseases caused by this 
bacterium is increasing in women of reproducti-
ve age who are not pregnant (age 15-44) and with 
some co-morbidities such as diabetes mellitus. In 
the study of Edwards and Baker 88% of female 
adults with S. agalactiae infection had at least 
one underlying illness, with diabetes mellitus 
present in 44% of cases (2). 
In pregnant women, the rate of GBS colonization 
is around 5-30%, and the presence of these bac-
teria during pregnancy is often clinically asymp-
tomatic (7-10). Vaginal environment provides 
optimal conditions for the growth and prolifera-
tion of S. agalactiae, which can have detrimen-
tal consequences for both a mother and her baby 
(9). Infection in late pregnancy is one of the risk 
factors for poor pregnancy outcome since S. aga-
lactiae has the ability to penetrate intact amniotic 
membranes causing amnionitis, affecting fetus in 
utero. As an invasive pathogen, S. agalactiae in-
filtrates different tissues and body cavities such 
as intrauterine space, lungs of neonates and other 
organs including brain (1). S. agalactiae infecti-
on during pregnancy can lead to stillborn birth or 
abortion (2,8).

Globally, S. agalactiae is recognized as one of the 
leading causes of neonatal sepsis, pneumonia and 
meningitis, thus represents an important cause of 
neonatal morbidity and mortality (4,6). S. aga-
lactiae transmission from a colonized mother to 
her newborn can occur in utero by the ascending 
infection or during birth when an infant aspirates 
contaminated amniotic and/or vaginal fluid (2). 
Interestingly, even though S. agalactiae is the lea-
ding cause of perinatal infections and postpartum 
septicemia, incidence of the disease is extremely 
disproportionate to the incidence of colonizati-
on, which depends on the method of cultivation 
of bacteria and collection of samples. It has been 
suggested that the greater number of S. agalactiae 
present, meaning the greater colonization density, 
the greater the likelihood of a disease (11). 
The Centers for Disease Control and Preven-
tion (CDC) in its guidelines for the prevention 
of neonatal infections suggests intrapartum che-
moprophylaxis during delivery to women at risk 
for transmitting S. agalactiae to their newborns 
(12,13). Systemic administration of antimicrobi-
al drugs before the start of labor or membrane 
rupture is very effective in reducing neonatal 
colonization, lowering early neonatal S. agalac-
tiae infections to less than 50% of levels before 
prophylaxis (14). In some countries of the world 
that implement active prevention measures the 
incidence of these neonatal infections has signi-
ficantly decreased. According to the CDC 2000 
report, the overall incidence of early onset of the 
disease from 1998 to 2000 was 0.5-0.6 cases per 
1000 live births, with geographical and racial 
variations (15). S. agalactiae is still sensitive to 
penicillin and other β-lactam antibiotics, and the 
resistance to antibiotics such as macrolides, lin-
cosamide and quinolones, which are used as an 
alternative therapy has been recorded worldwide 
(16). However, there have been reports of enhan-
ced minimum inhibitory concentrations (MICs), 
near the upper limit of sensitivity, to penicillin or 
ampicillin of some invasive isolates (10,13). This 
decreased sensitivity to penicillins should not be 
necessarily considered as resistance, although it 
is somewhat worrisome for it indicates a potenti-
al development of true resistance of GBS isolates 
to penicillins, and it requires monitoring (6).
Despite these clear prevention guidelines, in the 
Western world S. agalactiae remains the major 
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cause of infectious etiology of neonatal morbidity 
and mortality (7). There are no published data on 
the rate of S. agalactiae infection in women in Bo-
snia and Herzegovina (B&H), either for pregnant 
or adult non-pregnant women. Moreover, despite 
the established link between S. agalactiae infection 
and its effect on a mother and her baby in utero and 
postpartum, the CDC recommendations on control 
and prevention of S. agalactiae infections are gene-
rally not implemented in Bosnia and Herzegovina. 
The aim of this study was to determine the pre-
valence rate of S. agalactiae in vaginal swabs of 
pregnant and adult non-pregnant women in the 
Tuzla region, Bosnia and Herzegovina, as well as 
their antimicrobial susceptibility pattern and its 
association with other aerobic bacteria. 

MATERIALS AND METHODS

Patients and study design

This prospective study was conducted at the In-
stitute of Microbiology, University Clinical Cen-
ter (UCC) Tuzla in the period from October to 
December 2015. Specimens received for micro-
biological analysis were collected at one of the 
health institutions in the municipalities of Tuzla 
Canton (Banovići, Čelić, Kladanj, Gračanica, Te-
očak, Sapna) and at the Clinic for Gynecology 
and Obstetrics, UCC Tuzla. A lower vaginal 
swab was taken from each patient. Basic demo-
graphic data of each respondent (name, year of 
birth, place of residence, leading diagnosis) were 
taken from referrals received from gynecologists 
of the aforementioned health institutions.  
The study included consecutive 200 female in-
patients and outpatients diagnosed with colpitis. 
Based on a physiological state and a referral di-
agnosis, patients were divided into two groups. 
The first group was composed of 100 pregnant 
women (ages 15-44), and the second group of 
100 adult women (ages 20-59) who were not pre-
gnant. The women were grouped according to the 
WHO classification, e. g., women of 15-44 years 
represented females of child bearing age, termed 
“pregnant women” and women of 20-59 years 
old were termed “adult women” (“adult non-pre-
gnant” women in this study) (17).  

Microbiological analysis

Each sample was plated and cultured on blo-
od (Liofilchem, Italy) and chocolate agar (Lio-

filchem, Italy), chromogenic medium CPS (bi-
oMérieux, Marcy l’Étoile, France) and glucose 
broth (Liofilchem, Italy). All three plates were 
incubated overnight at 37 °C under aerobic con-
ditions. Subcultivation of glucose broth on blood 
agar plates was carried out after overnight incu-
bation at 37 °C, only if the primary plates remai-
ned sterile. From each β-hemolytic, catalase-ne-
gative colony, a microscopic slide was prepared 
and stained with Gram stain. Further identifica-
tion was performed only for samples containing 
gram-positive cocci.
In order to isolate a suspected S. agalactiae, 
CAMP test was performed (with β-hemolytic 
Staphylococcus aureus ATCC 25923 as a referen-
ce strain). After a positive CAMP test, identifica-
tion was confirmed by an automated instrument 
for ID/AST testing, VITEK 2 Compact AST-GP 
ID card (bioMérieux, Marcy l’Étoile, France), 
according to the manufacturer’s instructions. 
Identification of other bacterial species and fungi 
presented in swab specimens was carried out accor-
ding to standard microbiological procedures (18). 

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing of S. aga-
lactiae isolates was performed by disk diffusi-
on method as recommended by CLSI (19), and 
microdilution method on VITEK 2/AES instru-
ment (AST-586 card). 
Eight antibiotic disks (Liofilchem, Italy) were 
used: ampicillin (10 µg), clindamycin (2 µg), 
erythromycin (15 µg), cefepime (30 µg), cefo-
taxime (30 µg), vancomycin (30 µg), levofloxa-
cin (5 µg), linezolid (10 µg) (19).

Statistical analysis

A statistical analysis was performed using χ2-
test and Student t-test. Statistical level of 95% 
(p<0.05) was considered as significant. 

RESULTS

From October to December 2015, lower vaginal 
swabs of 200 female patients (100 pregnant wo-
men at different stages of pregnancy and 100 adult 
non-pregnant women) received at the Institute of 
Microbiology, UCC Tuzla, were examined.
The mean age of pregnant women was 27.74 ye-
ars, ranging 17-44 years. Most pregnant women 
were 29 years old or younger (66/100, 66%). 
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32/100 (32%) were 25-29 years old, 34/100 
(34%) 15-24 years, 18/100 (18%) 30-34 years, 
and 8/100 (8%) 35-39 and 40-44 years old each. 
Adult non-pregnant women were evenly distri-
buted across different age groups, with an ave-
rage age of 37.03, ranging from 20-59 years. 
Age distribution of adult non-pregnant women 
was: 10/100 (10%) were 20-24 years old, 21/100 
(21%) were 25-29, 13/100 (13%) were 30-34, 
17/100 (17%) were 35-39, 14/100 (14%) were 
40-44, 10/100 (10%) were 45-49 and 15/100 
(15%) were ≥ 50 years old. 
S. agalactiae was detected in lower vaginal 
swabs of 7% (7/100) pregnant women and 10% 
(10/100) adult non-pregnant women. Twenty-
one percent (21/100) of swab specimens from 
pregnant and 22% (22/100) from adult non-pre-
gnant women were sterile. Non-pathogenic bac-
teria were isolated from 25% (25/100) and 17% 
(17/100) of pregnant and adult non-pregnant 
women, respectively. Besides S. agalactiae, 
other microbial pathogens were detected in 47% 
(47/100) isolates of pregnant and 51% (51/100) 
of adult non-pregnant women (Table 1). 

from pregnant and adult non-pregnant women 
(p=0.6133) (Table 1). 
Prevalence of S. agalactiae in lower vaginal 
swabs of women whose samples were positive 
for any pathogenic microorganism, was 12.96% 
(7/54) for pregnant and 16.39% (10/61) for adult 
non-pregnant women. 
The average age of women positive for S. agalac-
tiae in the pregnant group was 24.85 (ranging 20-
29 years) and in adult non-pregnant women it was 
40.2 (ranging 27-53 years). All but one women 
(age 27) in the adult non-pregnant S. agalactiae-
positive women were aged 38 and older (p<0.05). 
Among other aerobic pathogens presented in 
lower vaginal swab specimens, in both pregnant 
and adult non-pregnant women E. faecalis as 
single pathogen was most frequently presented   
(25% and 26%, respectively) (Table 3). In both 
groups pure culture of E. coli was detected in 
only a small number of samples (1% and 3%, 
respectively), while C. albicans was presented 
in 9% and 10%, respectively. One isolate of 
pregnant women had Klebsiella pneumoniae 
(K. pneumoniae) as a single pathogen, while in 
adult non-pregnant women Enterococcus faeci-
um (E. faecium), Pseudomonas aeruginosa (P. 
aeruginosa) and Enterobacter spp. were de-
tected as a single pathogen in one isolate each 
(1%). A combination of two or three pathogenic 
microorganisms was detected in 9% (9/100) and 
10% (10/100) of pregnant and adult non-pre-
gnant women (Table 2). 

No (%) of women

Microorganism(s) Pregnant
(n=100)

Adult non-
pregnant (n=100) Total

S. agalactiae 4 6 10
S. agalactiae + C. albicans 1 1 2
S. agalactiae + E. faecalis - 2 2
S. agalactiae + E. coli 1 1 2
S. agalactiae + E. coli + C. albicans 1 - 1
Other* 47 51 98
Non-pathogenic† 25 17 42
Sterile 21 22 43
Total 100 100 200

Table 1. Distribution of bacterial isolates of lower vaginal 
swabs of pregnant and adult non-pregnant women

*E. faecalis, E. coli, E. faecium, Enterobacter spp., Pseudomonas 
spp., C. albicans, K.  pneumoniae, K. oxytoca, M. morganii, S. aureus
†coagulase-negative staphylococci, diphtheroids 

No (%) of women

Microorganism(s) Pregnant
(47)

Adult
non-pre-

gnant (51)
Total

Enterococcus faecalis 25 (53.19) 26 (50.98) 51 (52.04)
Enterococcus faecium - 1 (1.96) 1 (1.02)
Escherichia coli 1 (2.12) 3 (5.88) 4 (4.08)
Klebsiella pneumoniae 2 (4.25) - 2 (2.04)
Candida albicans 10 (21.27) 9 (17.64) 19 (19.38)
Enterobacter spp. - 1 (1.96) 1 (1.02)
Pseudomonas spp. - 1 (1.96) 1 (1.02)
E. faecalis + E. coli 2 (4.25) 6 (11.76) 8 (8.16)
E. faecalis + K. pneumoniae 1 (2.12) 1 (1.96) 2 (2.04)
E. faecalis + Klebsiella oxytoca 1 (2.12) - 1 (1.02)
E. faecalis + Staphylococcus aureus 1 (2.12) - 1 (1.02)
E. faecalis + Morganella morganii 1 (2.12) - 1 (1.02)
E. faecalis + C. albicans 3 (6.38) 2 (3.92) 5 (5.10)
E. coli + K. pneumoniae - 1 (1.96) 1 (1.02)
Total 47 (100) 51 (100) 98 (100)

Table 2. Distribution of microorganisms other than S. aga-
lactiae presented in vaginal samples of pregnant and adult 
non-pregnant women

In 57.14% (4/7) of S. agalactiae positive pre-
gnant women S. agalactiae was detected as a 
single pathogen and in 42.86% (3/7) S. agalac-
tiae was isolated in combination with Candi-
da albicans (C. albicans) and/or Escherichia 
coli (E. coli). In adult non-pregnant women, 
S. agalactiae was present as a single pathogen 
in 60% (6/10) and in 40% (4/10) women along 
with either Enterococcus faecalis (E. faecalis), 
E.coli or C. albicans. There was no statisti-
cally significant difference between the pre-
valence of Streptococcus agalactiae isolates 
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In the pregnant group, 71.4% (5/7) of isolates 
were susceptible to clindamycin and 85.7% (6/7) 
to erythromycin. One of the isolates was resistant 
to clindamycin and erythromycin. In the group 
of adult non-pregnant women, only resistance to 
clindamycin was observed in one isolate (1/10; 
10%) (Table 3). 

that when S. agalactiae is isolated no other group 
of Streptococcus species is present. Also, when 
any β-hemolytic Streptococcus species is present, 
S. agalactiae is not present as an associated flo-
ra (23). In the present study it was found that in 
both groups of women the greatest number of S. 
agalactiae isolates were presented in pure cultu-
res, while two S. agalactiae positive samples from 
the adult non-pregnant group were isolated along 
with E. faecalis, and in each group one culture of S. 
agalactiae also contained E. coli and C. albicans. 
In previous work on the prevalence of bacterial 
vaginosis among sexually active women in Tuzla 
Canton, Numanović et al. found that besides Gar-
dnerella vaginalis, most frequently isolated bacte-
ria from vaginal swabs were Enterococcus foecalis 
(26.95%) and Escherichia coli (23.91%), while S. 
agalactiae was isolated from 10% of samples (25). 
Presence of S. agalactiae in the same culture with 
other bacteria, such as E. coli and E. faecalis could 
be an indication of a possible aerobic vaginitis (24).
Data on the presence of S. agalactiae in vaginal 
specimens from different countries vary depending 
on the characteristics of the studied population of 
women. In a retrospective study conducted in Osi-
jek (Croatia) from 118 isolates of pregnant women 
S. agalactiae was found in 24.6% (7). Very similar 
data (25.3%) were obtained by Shabayek et al. in 
Egypt (26). A lower incidence in pregnant women 
of 10.6% was found in Manisi (Turkey), with a 
significantly lower rate of S. agalactiae positive 
samples among patients of 24 years or older (27). 
In our study, microbiological examination of va-
ginal swab specimens of pregnant and adult non-
pregnant women diagnosed with colpitis showed 
S. agalactiae in 7% and 10% of samples, respecti-
vely (8.5%, 17/200 in total sample).
Furthermore, prevalence of S. agalactiae in the 
vaginal swabs depends on the method of sample 
collection, as well as the method of isolation and 
identification (28). If sample collection is carried 
out outside a microbiological laboratory it is re-
commended to use an adequate transport media. 
In our research, 21% and 22% of sterile samples 
of pregnant and adult non-pregnant women, res-
pectively, were found, which is an indication of 
improper sampling/transport. It is recommended 
that if the isolation of S. agalactiae is made from 
primary sterile materials, a non-selective medium, 
such as blood agar, should be used. However, the 

Percentage (%) of susceptibility
Antibiotic Pregnant Adult non-pregnant
Ampicillin 100.0 100.0
Clindamycin 71.4 90.0
Erythromycin 85.7* 100.0
Cefepime 100.0 100.0
Cefotaxime 100.0 100.0
Vancomycin 100.0 100.0
Levofloxacin 100.0 100.0
Linezolid 100.0 100.0

Table 3. Antimicrobial susceptibility of Streptococcus agalac-
tiae isolates obtained from pregnant and adult non-pregnant 
women

*in the pregnant group, the same S. agalactiae resistant to clindamy-
cin was also resistant to erythromycin

DISCUSSION

Vagina and its unique microflora form a delicately 
balanced ecosystem, where the environment insi-
de vagina controls the type of microbes present, 
and in return this microflora controls the vaginal 
environment (20). This ecosystem is dynamic, 
constantly changing dependent on the anatomy 
and composition, which is directed by woman’s 
age, menopause, the day of a menstrual cycle, pre-
gnancy, infections, use of birth controls, frequency 
of sexual relations, number of partners, as well as 
habits and practices, such as irrigation (21).
It is generally accepted that Lactobacilli are the 
predominant members of post-adolescence vaginal 
flora (22). Variety of other microorganisms such as 
Staphylococcus, Ureaplasma, Corynebacterium, 
Streptococcus, Peptostreptococcus, Gardnerella, 
Bacteroides, Mycoplasma, Enterococcus, Esche-
richia, Veillonella, Bifidobacterium and Candida 
may be present but in significantly lower numbers. 
The identity and diversity of this population is to a 
great extent masked by the complexed interaction 
of different players of vaginal flora, which are still 
not clearly defined (23). Qualitative studies of bac-
teriological assessment of vaginal swabs obtained 
from asymptomatic women showed that S. aga-
lactiae is often isolated with lactobacilli, Gardne-
rella vaginalis, coagulase-negative staphylococci 
and enterococci. Yet, not all the studies agree with 
this finding (24). Thus, Carson et al. have found 
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standard for the isolation of S. agalactiae included 
a selective liquid medium, such as Todd-Hewitt or 
Lim broth, containing antibiotics such as nalidixic 
acid and colistin or gentamicin, used to inhibit 
the growth of other bacteria present (29). Besides 
standard tests, such as Gram stain, catalase and 
CAMP test, definitive identification of S. agalac-
tiae is based on a serological test, which proves the 
presence of polysaccharide group-specific antigen 
present on all types of S. agalactiae strains (29). 
The main limitation of S. agalactiae detection by 
culture is the length of cultivation and identificati-
on (29). In our report, microbiological assessment 
of vaginal swabs was performed using blood and 
chocolate agar, chromogenic medium CPS and 
glucose broth because none of the samples that 
were received in our laboratory had a referral for 
S. agalactiae screening. The identification process 
we conducted was identical to the recommendati-
ons of the aforementioned authors (28).
A significant rate of resistance among S. agalac-
tiae isolates, which has been increasing over the 
past 20 years has been reported for some antibio-
tics that have been used as an alternative therapy 
for treatment of S. agalactiae infections, such as 
macrolides, lincosamides and fluoroquinolones 
(16). The alternative antibiotic choices, usually 
for women with reported penicillin allergies, have 
traditionally been erythromycin or clindamycin. 
Resistance to erythromycin has frequently been 
associated, but not always, with cross-resistance 
to clindamycin (10,16). Examining the suscepti-
bility of 4800 isolates of S. agalactiae it has been 
found that 32% of them were resistant to eryt-
hromycin, 15% to clindamycin, while 99% of 
clindamycin resistant isolates were also resistant 
to erythromycin (30). Very similar data have been 
published by other authors, showing no resistance 
to penicillin and ampicillin among examined iso-
lates of S. agalactiae, but reported resistance to 

erythromycin 13.5% - 21.2% and 9.1% - 23.68% 
to clindamycin (26, 27). S. agalactiae isolates 
examined in our study were susceptible to most 
antibiotics tested. Two exceptions were isolates 
from pregnant group (one isolate was resistant to 
clindamycin, other was non-susceptible to either 
clindamycin or erythromycin). Also, one isolate 
from the adult non-pregnant women group exhibi-
ted resistance to clindamycin. 
In conclusion, our study has shown a similar rate 
of S. agalactiae infection among pregnant and 
adult non-pregnant women comparable to the 
results from other clinical centers. None of the 
samples that were received in our laboratory had 
a referral for S. agalactiae screening, thus the 
cultivation methods used were not specifically 
directed towards S. agalactiae detection. Besides 
a very low number of isolates analyzed in this 
study, the main limitation  is the inability to use a 
selective medium. In light of the possibility that 
the percentage of positive samples could have 
been higher if a different cultivation method was 
used, it is advisable to start performing regular 
screening for S. agalactiae especially for the po-
pulation of fertile and pregnant women. Larger 
studies are needed for the development and wide 
implementation of a national strategy for the pre-
vention of S. agalactiae infection in Bosnia and 
Herzegovina, as well as greater compliance with 
the CDC recommendations. 
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Zastupljenost i rezistencija Streptococcus agalactiae, izolovanih 
iz vaginalnih uzoraka kod trudnica i žena odrasle dobi koje nisu 
trudne, te njegova udruženost s drugim aerobnim bakterijama 
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SAŽETAK

Cilj Odrediti stopu zastupljenosti i rezistenciju Streptococcus agalactiae (S. agalactiae), izolovanih iz 
vaginalnog brisa kod trudnica i žena odrasle dobi u Tuzlanskom kantonu, Bosna i Hercegovina (BiH), 
kao i njegovu udruženost s drugim aerobnim bakterijama.

Metode Prospektivno istraživanje obuhvatilo je 200 žena (100 trudnica i 100 odraslih žena koje nisu 
bile trudne). Istraživanje je provedeno u Zavodu za mikrobiologiju Univerzitetskog kliničkog centra 
Tuzla, od oktobra do decembra 2015. godine. Za izolaciju i identifikaciju S. agalactiae i drugih aerobnih 
bakterije korištene su standardne mikrobiološke metode. Antimikrobna osjetljivost ispitana je disk-difu-
zionom i mikrodilucionom metodom (VITEK 2/AES aparat). 

Rezultati Od 200 pregledanih vaginalnih briseva, 17 (8,50 %) uzoraka bilo je pozitivno na S. agalac-
tiae, 7% (7/100) kod trudnica i 10% (10/100) kod žena odrasle dobi koje nisu bile trudne. Osjetljivost 
na klindamicin zabilježena je u 71,4% (5/7) izolata kod trudnica, a u 85,7% (6/7) na eritromicin. U grupi 
žena odrasle dobi koje nisu trudne, 10% (1/10) izolata bilo je rezistentno na klindamicin. Kod trudnica 
je u 57,14% (4/7) slučajeva, a kod žena odrasle dobi u 60% (6/10) slučajeva, S. agalactiae izolovan u 
čistoj kulturi, a od ostalih aerobnih bakterija najviše su bili udruženi s Enterococcus faecalis i Esche-
richia coli.  

Zaključak Stopa S. agalactiae-pozitivnih žena u populaciji trudnica i žena odrasle dobi koje nisu trud-
ne u Tuzlanskom kantonu, BiH, uporediva je s drugim evropskim zemljama. Neophodno je razviti 
zajedničku nacionalnu strategiju u BiH u prevenciji infekcija genitalnog trakta S. agalactiae, a posebno 
u toku trudnoće.

Ključne riječi: vaginalne bolesti, infekcije reproduktivnog trakta, bakterijske infekcije
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ABSTRACT

Aim To emphasize the importance of early recognition, diagnostic 
processing and emergent surgical treatment of spontaneous spinal 
epidural hematoma (SSEH).

Methods A 39-year-old female presented with sudden onset of se-
vere pain between the shoulder blades followed by paraparesis and 
alerted sensibility in the lower extremities.  An hour later she deve-
loped paraplegia with sensory deficits below ThIV level, absence 
of patellar reflex, ankle jerk reflex and sphincter dysfunction.

Results Magnetic resonance imaging (MRI) demonstrated acute 
extensive epidural mass of thoracic spinal segments (ThI-ThIII). 
The patient underwent emergent decompressive laminectomy 
ThI-ThIII with epidural hematoma evacuation within 24 hours of 
symptoms onset. After the surgical treatment, because of suspi-
cion on spinal arteriovenous malformation, complete diagnostic 
evaluation with spinal angiography was done and no form of vas-
cular malformation was found. Idiopathic SSEH was diagnosed. 
Two months later the patient reached complete neurological im-
provement.

Conclusion The SSEH is a rare condition that should be kept in 
mind in patients presenting with neurological deficit and a sudden 
onset of back pain like it was in our case. For early diagnosis, 
immediate MRI is essential. Prompt surgical decompression such 
as laminectomy is an absolute surgical indication widely accepted 
for patients with progressive neurological deficit. The SSEH sho-
uld be considered as one of the important differential diagnoses in 
patients who have developed acute myelopathy.

Key words: neurological impairment, magnetic resonance ima-
ging, decompressive laminectomy
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INTRODUCTION

Spinal epidural hematoma, a potentially devasta-
ting problem, requires rapid diagnosis and urgent 
surgical intervention. If it is not recognized on 
time it may lead to rapid and irreversible neurolo-
gical impairment. Therefore, early diagnosis and 
treatment are essential (1,2). Nontraumatic or 
spontaneous spinal epidural hematoma (SSEH) 
has been usually associated with coagulation dis-
orders or some vascular malformations (3). Trau-
matic causes of spinal epidural hematoma include 
vertebral fractures, obstetric birth trauma, lumbar 
punctures, bleeding after surgery, epidural ane-
sthesia and missile injuries (4). The fragile spinal 
veins, especially the valveless epidural venous 
plexus, are accused of being the site of structural 
weakness. Its estimated incidence rate is 1 new 
case per million population per year, accounting 
for 0.3% to 0.9% of all space-occupying spinal 
cord lesions (5,6). The most common clinical 
presentation feature is pain in the spinal colu-
mn with a radicular component, which may be 
accompanied or followed by clinical signs of 
acute myelopathy (7,8). Early clinical diagnosis 
and confirmation with an imaging study (prefera-
bly an MRI scan) are of vital importance (9-11). 
The SSEH is considered as surgical emergency 
since early hematoma evacuation is associated 
with better functional outcomes (12,13).
In this study we report on spontaneous thoracic 
spinal epidural hematoma associated with acute 
paraplegia, sensory deficits below ThIV  level 
and sphincter dysfunction, which was treated 
with decompression and followed by complete 
neurological resolution within two months.

PATIENT AND METHODS  

Patient and study design

A 39-year-old woman presented to the Emer-
gency Room of Cantonal Hospital Zenica, Bosnia 
and Herzegovina, complaining of pain between 
the shoulder blades, acute onset of paraparesis 
followed by numbness from the chest and lower 
limbs. She was conscious and awake at admission, 
without respiratory distress and with normal vital 
signs. During neurological examination and dia-
gnostic evaluation 30 minutes later she was found 
to be completely paralyzed in both legs with sen-
sory loss below the level of ThIV, turn out muscle 

tendon reflexes (MTR) and sphincter dysfunction 
(McCormic scale IV, Frankel scale A) (14). There 
was no history of hypertension, trauma, bleeding 
dyscrasia or use of anticoagulant therapy. 

Methods

Laboratory analyses of blood were done immedia-
tely at the admission at the Department of Labora-
tory Medicine Cantonal Hospital Zenica (Cell-Dyn 
Ruby, IL 60064, USA, 2013) including bleeding 
time (60-240 seconds), clotting time (300-900 se-
conds), and platelet count (150-400 x10^9/L).
Urgent MRI without gadolinium enhancement of 
the thoracic cord was performed using T1 and T2 
weighted imaging (Siemens Magnetom Avanto 
1,5 T, Erlangen, Germany).
A surgical decompression with total laminectomy 
form ThI-ThIII was performed. Additionally, spinal 
angiography was done at the Neurosurgery of the 
Clinical Center Tuzla (Siemens, Germany 2015).

RESULTS

The laboratory findings including bleeding time, 
clotting time and platelet count had referent values.
The MRI confirmed the presence of epidural le-
sion compressing the cord posteriorly extending 
from ThI to ThIII. The lesion had an isointense 
signal on T1- weighted (Figure 1, left; Figure 2) 
and a hyperintense signal on T2-weighted images 
(Figure 1, right).

Figure 1. Sagittal noncontrast-enhanced spine echo T1-T2 
weighted image of the thoracic cord, showing an isointense 
(T1) (left) and hyperintense (T2)(right) signal of the lesion 
compressing the cord posteriorly from ThI-ThIII segment (De-
partment of Neurosurgery, Cantonal Hospital Zenica, 2016)

Alić et al. Spontaneous spinal epidural hematoma
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After surgical decompression with total lami-
nectomy form ThI-ThIII which was performed 
within 24 hours (Figure 3), initially in the posto-
perative period the patient showed symptoma-
tic improvement of motor function in feet (1/5) 
with the same sensory disturbances below Th IV. 
The patient was transferred to the Neurosurgery 
Clinical Center Tuzla for further radiological 
evaluation and possible endovascular treatment. 
Spinal angiography did not show presence of 
arteriovenous malformation (Figure 4) and the 
patient was involved in daily, intensive physical 
therapy. Two months later she experienced full 
recovery of sensorimotor function.

DISCUSSION

Spontaneous spinal epidural hematomas include 
all forms of extradural spinal hemorrhages not 
consequent to vertebral trauma, coagulation dis-
orders, vertebral angiomas, or any other apparent 
cause. It is potentially disabling neurosurgical 
emergency, representing 0.3%-0.9% of lesions 
that occupy the vertebral epidural space (15). 
Nontraumatic spinal epidural hematoma was 
described as early as 1869 by Jackson (16). Since 
that time, many spontaneous spinal epidural he-
matoma cases have been reported. The incidence 
of SSEH as estimated by Holtas et al. is 0.1 per 
100.000 people (17) and is higher in men (18). 
The characteristic clinical onset is sudden dorsal 
local pain, in or over the spine, followed by pro-
gressive sensory or motor deficits, usually within 
minutes or hours (seldom days), which may pro-
gress to complete paralysis (18). Authors believe 
that congestion followed by rupture of the spinal 
venous system is the primary event (19). Beatty 
and Winston (20), on the other hand, suggest that 
an arterial source of bleeding originating from 
the extensive network of epidural arteries better 
explains the precipitous neurological deteriorati-
on seen clinically. No cause is evident in 40-50% 
cases, even after open surgical exploration and 
removal of the clot (21), as in our case. The re-
gion of spinal hematoma is often at cervical and 
thoracic vertebrae level, spreading throughout 
the thoracolumbar spine (22). Most of the spi-
nal hematomas are seen at the dorsal dural sac, 
because it adheres to the posterior longitudinal 
ligament at the front of the spinal canal (22). Po-
sterior or posterolateral thoracic or lumbar regi-
ons are often involved. Usually the hematoma is 

Figure 2. Axial T1-weighted image showing the compressing 
lesion of the thoracic cord into the spinal canal (Department of 
Neurosurgery, Cantonal Hospital Zenica, 2016)

Figure 3. Intraoperative aspect of spontaneous thoracic spi-
nal epidural hematoma (Department of Neurosurgery, Cantonal 
Hospital Zenica, 2016)

Figure 4. Spinal angiography without any signs of arteriove-
nous malformation or aneurysms (Department of Neurosurgery, 
Clinical Center Tuzla, 2016)
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Tretman spontanog epiduralnog hematoma torakalnog segmenta 
kičmenog kanala s posljedičnom paraplegijom 
Fahrudin Alić1, Hakija Bečulić1, Aldin Jusić1, Rasim Skomorac1 , Mirza Moranjkić2, Lejla Hrvat3, Lejla 
Tandir3
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SAŽETAK

Cilj  Naglasiti važnost ranog prepoznavanja, dijagnostičke obrade i urgencije hirurškog tretmana spon-
tanog spinalnog epiduralnog hematoma (SSEH).

Metode 39-godišnja ženska osoba javila se na neurološki Odjel zbog iznenadne boli između lopatica, 
praćene paraperezom i poremećajem senzibiliteta u donjim ekstremitetima. Sat vremena kasnije došlo 
je do produbljivanja motornog deficita i do paraplegije, praćene senzornim poremećajem ispod ThIV 
nivoa, odsutnosti pateralnog refleksa, refleksa Ahilove tetive, kao i sfinkterijalnom disfunkcijom.

Rezultati Magnentna rezonanca (MR) kičmenog kanala pokazala je opsežnu akutnu epiduralnu masu 
torakalnog segmenta kičme (ThI-ThIII). Pacijentica je podvrgnuta hitnoj dekompresivnoj laminekto-
miji nivoa ThI-ThIII, uz evakuaciju epiduralne kolekcije unutar 24 sata od pojave simptoma. Nakon 
hirurškog liječenja, zbog sumnje na moguću spinalnu arteriovensku malformaciju, urađena je dijagno-
stička obrada spinalnom angiografijom koja nije pokazala bilo kakav oblik vaskularne malformacije. 
Dijagnosticiran je idiopatski spontani epiduralni hematom. Dva mjeseca kasnije pacijentica je postigla 
potpuni neurološki oporavak.  

Zaključak Spontani spinalni epiduralni hematom (SSEH) je rijetko stanje koje treba imati na umu kod 
pacijenata s neurološkim deficitom i naglim nastupom bola u leđima, kao što je bio u našem slučaju. 
Za ranu dijagnozu, neposredni MRI je esencijalan. Promptna hirurška dekompresija, u vidu laminek-
tomije, apsolutna je hirurška indikacija, široko prihvaćena za pacijente s progresivnim neurološkim 
deficitom. SSEH treba uzeti u obzir kao jedan od diferencijalno dijagnostičkih oblika u bolesnika s 
akutnom mijelopatijom.

Ključne riječi: neurološko oštećenje, magnetna rezonanca, dekompresivna laminektomija
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ABSTRACT

Aim The aim was to show rare cases of congenital cystic ade-
nomatoid malformation (CCAM) and the manner of its surgical 
treatment with video-assisted thoracoscopic surgery (VATS). 

Methods Two male and one female child, 7, 4 and 3 years of age 
were treated for symptoms of cough and high temperature in dis-
trict hospitals. In all three children laboratory blood tests and chest 
radiography were done. Auscultatory findings showed the presen-
ce of pneumonia. Children were treated with appropriate doses of 
antibiotics. After the rehabilitation of inflammation, they were sent 
to the University Clinical Center Sarajevo, where video-assisted 
thoracoscopic lobectomy (VATS) was indicated after computeri-
zed tomography (CT). 

Results Chest CT scan pointed to the CCAM and pulmonary 
sequestration (PS) changes to the lungs. This has required surgery 
lobectomy of an affected part of the lungs. In two children with 
PS, the aberrant systemic artery came from the most proximal part 
of aorta abdominals, the third patient did not have an anomalous 
artery. 

Conclusion VATS lobectomy is an alternative to the traditional 
thoracotomy for the treatment of CCAM and PS, however, it sho-
uld be investigated in the future for its safety and effectiveness.

Key words:  lung malformation, thoracoscopic surgery, pulmo-
nary sequestrations, cystic adenomatoid
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INTRODUCTION

The most common malformations of the lower 
respiratory tract are congenital cystic adeno-
matoid malformation (CCAM) and broncho-
pulmonary sequestration (BPS) (1). Congenital 
adenomatoid lung malformation represents de-
velopmental pathologically changed lung tissue 
that normally communicates with the tracheo-
bronchial tree and typically has proper circula-
tion (2). Intralobar sequestration is a congenital 
malformation in which embryonic lung tissue is 
supplied by systemic arteries (2). Thoracoscopic 
lobectomy for congenital cystic adenomatoid 
airway malformation has been indicated from 
the neonatal period to adolescence (3). Surgical 
treatment is the only method that provides certa-
in success and consists of removing parts of the 
lung tissue with cystic formations (3). 
The reported incidence of CCAM ranges from 
1/11,000 to 1/35,000 live births, and BPS is 
even more rare with no published population 
incidence (1).
The aim was to describe rare cases of congenital 
pulmonary airway malformation (CCAM) and 
the manner of their surgical treatment with video-
assisted thoracoscopic lobectomy (VATS). 

PATIENTS AND METHODS

Two male and one female child, 7, 4 and 3 years 
of age were treated for symptoms of cough and 
high temperature in district hospitals during 
2015. In all three children laboratory blood tests, 
chest radiography, as well as auscultatory find-
ings showed the presence of pneumonia. Chil-
dren underwent long treatment with appropriate 
doses of antibiotics. After the rehabilitation of in-
flammation they were sent to the University Clin-
ical Centre (UCC) Sarajevo for further treatment.  
Chest computerized tomography (CT) (Siemens 
Somatom, Münich, Germany) was done indi-
cating the CCAM and pulmonary sequestration 
(PS) changes to lungs. CCAM has been classifi-
ed histologically by Stocker et al. in 1977 based 
on cyst size and by Adzick et al. based on cyst 
appearance (micro or macrocytic) on antenatal 
ultrasound (1,4). 
Surgery lobectomy of the affected part of a lung 
was indicated in all three patients and performed 
using video assisted thoracoscopic lobectomy 

(VATS) with thoracoscopic video camera with 
deflectable tip (Olympus, Tokyo, Japan).

RESULTS

The CCAM right lower lobe in one case, pulmo-
nary sequestration with CCAM (mixed lesions) 
in two cases (in one case right lower lobe, in the 
other case left lower lobe) was found. In both pa-
tients with pulmonary sequestration the aberrant 
systemic artery came from the most proximal 
part of aorta abdominalis. All three patients had 
extensive pulmonary infections and strongly en-
larged hilar lymph nodes. 
Thoracoscopic assisted lower lobe lobectomy 
was performed in all three children.

Surgical report

The operation was done under a general anesthe-
sia with one sided-lung ventilation and collapse 
of the lung with the disease. 
Patients were positioned in the stable lateral de-
cubitus position, with their arm above their head 
and a roll under the axilla (caudal and parallel 
to the arm) to protect neurovascular structures 
crossing the axilla. The pelvis was supported 
posteriorly, and a strip of tape was applied for 
immobilization of the patient. The hemithorax 
was disinfected and draped. The surgeon was 
working from the front side of the patient. Three 
small cuts on the chest about 1 cm long were per-
formed in the 5th  intercostal space (ICS) mid-axi-
llary line for 5 mm 30° telescope to look inside 
the chest. The other two incisions were made for 
the working instruments, one in the 4th ICS front 
axillary line (5mm port) and one in the 8th ICS 
front axillary line (10 mm port). 
In cases with pulmonary sequestration, firstly the 
division of the aberrant artery was done. The ar-
tery was easily found in the lower pulmonary liga-
ment which was divided and the artery freed over 
the length of 2-3 cm from adhesions and fibrotic 
sheath. In one case the artery could be clipped 
using Weck Hem-o-lok polymer (Teleflex, Wayne, 
Pennsylvania, USA) locking ligation system and 
in the other case the artery was more than 11 mm 
thick and vascular stapler Endo-GIA (Medtronic, 
Dublin, Ireland) 30-2.5 mm was used. The pulmo-
nary ligament was further divided with hook cau-
tery until the exposure of the inferior pulmonary 
vein, which was completely exposed. 
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The dissection continued with the hook cautery 
opening the oblique interlobar fissure (major fi-
ssure) up to the mediastinal pleura. The branches 
of the lower pulmonary artery were localized, 
exposed and completely visualized. Due to extre-
mely post-inflammatory situs and many adhe-
sions in the major fissure this dissection was 
extremely difficult but successful. The segmental 
arterial branches to the lower lobe were identified 
and all of them one by one from medial to late-
ral divided after positioning of Weck Hem-o-lok 
clips through a 5 mm port.
To allow for further resection of the lower lobe, 
the major fissure was completely divided using 
a LigaSure (Medtronic, Dublin, Ireland) 5 mm 
blunt tip 37 cm sealer and divider. 
The pulmonary vein was dissected but the adhe-
sions between the vein and the bronchus with 
strongly hypertrophied lymphatic tissue and big 
lymph nodes were in all three cases so strong and 
difficult to dissect that in all cases at this stage a 
mini-thoracotomy was performed. 
A 6 cm skin incision was done along the port 
in the 5th ICS and the soft tissues divided with 

the cautery. The chest was entered in the 5th ICS 
along with the upper edge of the 6th rib. The fi-
nal dissection between the lower lobe bronchus 
and the pulmonary vein was performed partially 
bluntly partially with the aid of Liga Sure. The 
lower lobe bronchus was finally always divided 
using the stapler two times, once for the segment 
6 and once for the main part of the lower lobe 
bronchus before branching to other segments. 
Finally, the inferior pulmonary vein was divided 
using the vascular stapler.
The mediastinal pleura was closed with Vicryl 
4/0 stitches (Somerville, New Jersey, USA). With 
a warm saline solution in the thoracic cavity, the 
remaining lung was re-inflated to check for air 
leakage. At the end of the procedure, one thora-
cic drain was left behind, to evacuate residual air 
and blood. A 16-French chest tube (Medtronic, 
Dublin, Irelan) was placed anteriorly in middle 
position. The drain came out through the skin in-
cision for the port in the 8th ICS and it was fixed 
by suture. The tube was connected to a chest dra-
inage unit consisting of a collecting chamber and 
an underwater seal. 

Case No 1 Case No 2 Case No 3
Sex Male Male Female
Ages (years) 4 7 3
Diagnosis at admission Infiltration of lung Bilateral bronchopneumonia Infiltration of lung

Symptoms Cough, high temperature, abdominal 
pain, hepatosplenomegaly Cough, high temperature, vomiting Cough, high temperature

epiphora

Auscultation Impaired respiratory murmur from late 
aid inspiration cracks

Late inspiratory crackles in left basal 
lung lobe Late inspiratory crackles

Chest X-ray Consolidation in the left lower lung lobe Consolidation in the
left lower lung lobe

Right hilar basal supradiaphragma-
tic, oval, relatively clearly limited 

inhomogeneous shading, diameter of 
68x45 mm

Chest CT scan

Changes in density, a lot of cystic areas 
with the largest diameter of 24 mm, 

consolidations of lung parenchyma with 
small atelectasis

Changes in density, a lot of cystic areas 
with the largest diameter of 23 mm

On the right side and along the 
right main bronchus multi-cystic 

mass zones filled with air and liquid 
collections

Location Left basal lobe Left basal lobe Right basal lobe
Infection + + +

Supplying vessels
4.5 mm diameter artery derived from 

coeliac trunk (proximal part of a. abdo-
minalis)

Proximal part of a. abdominalis No supplying blood vessel

Associated anomalies Cryptorchidism, Dolichocolon Reversal of organs, total (situs inversus 
totalis) No anomalies

Pulmonary sequestrati-
on  type Intralobar Intralobar Intralobar

Histopathology 

CCAM type 2, with superimposed 
chronic inflammatory changes of lymp-
hoid nodes and hyperplasia of lymphoid 

follicles

CCAM type 2, with superimposed 
chronic inflammatory changes of 

lymphoid nodes and hyperplasia of 
lymphoid follicles

CCAM type 2, with superimposed 
chronic inflammatory changes of 
lymphoid nodes (to 12 mm) and 
hyperplasia of lymphoid follicles

Final diagnosis CCAM type 2
Bilateral bronchopneumonia

CCAM type 2
Pulmonary sequestration

Bronchopneumonia
CCAM type 2

Pulmonary sequestration

Table 1. Summarized overview of three children with congenital cystic adenomatoid malformation (CCAM)

Selimović et al. VATS for CCAM and pulmonary sequestration
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After securing hemostasis, four resorbable su-
tures Vicryl 2/0 were placed around the ribs to 
approximate the mini-thoracotomy. The muscle, 
subcutaneous tissue and skin were closed with 
resorbable sutures Vicryl. Dressing was applied. 

DISCUSSION

Congenital pulmonary diseases such as CCAM 
and PS are the most common lung diseases in 
the pediatric population that require surgical tre-
atment consisting of resection of the affected part 
of the lung (1). Patients with these diseases expe-
rience recurrent upper respiratory tract infection 
and pneumonia more frequently than healthy 
children (1,2).
The children described in this presentation had 
CCAM type 2, which is usually associated with 
other developmental abnormalities, and intralo-
bar pulmonary sequestration, which is associated 
with other anomalies in 17% of cases (1). Type 2 
CCAM is present in 10 to 35% of  patients, cha-

racterized by many small cysts with diameter 1 to 
10 mm, lined with cylindrical or cubic epitheli-
um with prominent smooth or striated muscle (1). 
Type 2 of CCAM in a majority of cases (60%) 
is associated with other findings, including car-
diac anomalies (truncus arteriosus, tetralogy of 
Fallot), renal agenesis/dysgenesis, gastrointesti-
nal atresia, and skeletal anomalies) (1,5). 
The CCAM is usually detected in the neonatal 
period or early childhood (2). In developing co-
untries, a large number of children with conge-
nital lung lesions are initially seen and treated 
in district hospitals before being referred to ter-
tiary level clinical centers (6). At least half of the 
patients diagnosed with CCAM antenatally are 
asymptomatic at birth (5). Because of the risk of 
infection and of malignant transformation, most 
authors recommend resection of all antenatally 
diagnosed CCAMs, although the surgery can of-
ten be deferred until several months after birth 
(5). All removed tissue should be examined hi-
stologically (6). 
Our patients had had repeated slowly regressive 
pneumonia scanned by radiographs and compu-
ted tomography and displayed as incorrect tumor 
like changes in the posterior basal parts lungs. 
This experience obliges to consider pulmonary 
sequestration as a real differential-diagnostic 
possibility in patients with localized repeated 
bronchopneumonias. 

Figure 1. A) The operating table with thoracoscope, B) Division of aberrant artery, C) Ligature with Weck Hem-o-lok polymer locking liga-
tion system, D) Cutting aberrant artery, E) Sectioned aberrant artery, F) Removed part of cystic altered lung tissue (Selimović A, 2015) 

Figure 2. A) Missing right basal lung lobe and chest drain, 
B) Reversal of organs, total; missing left basal lung lobe 
(Selimović A, 2015)
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These patients should be referred to a tertiary care 
center, where they can be diagnosed and treated 
early, so as to prevent the morbidity and mortality 
associated with late resection of the lesion (6). 
Prognosis of CCAM depends on the size of the 
lesion, the degree to which the remaining lung 
is underdeveloped, and the presence of other 
associated congenital anomalies (7). Preoperati-
ve imaging studies are essential for assessing not 
only the congenital lung disease but also the ana-
tomy of vessels, bronchi and fissures (7).
The VATS lobectomy in children is technically 
more challenging than in adults because ma-
intaining successful single-lung ventilation in 
children is often difficult due to relatively small 
thoracic cavities and the narrow intercostal spa-
ces in children (8). 
Thoracoscopic lobectomy for congenital pul-
monary airway malformation has been indica-
ted from the neonatal period to adolescence (8). 
However, it is difficult to approach the pulmo-
nary artery for lobectomy in congenital lung 
malformations with incomplete or absent inter-
lobar fissure (8).
The treatment consists of identifying and divi-
sion of the aberrant feeding vessel and usually 
the lobectomy of the affected lobe. However, 
some authors describe VATS sublobar and wed-
ge resections when possible (9,10). The aberrant 
systemic artery can be freed and dissected safely 
with VATS approach despite the frequently occu-
rring inflammatory changes (11). 
After the division of the anomalous artery, the 
lower pulmonary vein must be dissected but care 
should be made to ensure that a superior pulmo-
nary vein exists, and there is no common pulmo-

nary vein (12). Most of the authors describe the 
VATS approach with three to four incisions (12). 
The operation may be successfully carried out 
making only two incisions (12). 
There are few reports of VATS approach for pul-
monary sequestration. Kestenholz et al. reported 
on an analysis of 14 thoracoscopically treated 
pulmonary sequestrations in a single institution 
with good postoperative results (13).
Compared with the conventional posterolateral 
thoracotomy approach, the most important step 
during resection of PS via VATS is the identifica-
tion of the aberrant artery. The aberrant artery may 
be thickened or fragile because of recurrent infec-
tions. If an unanticipated injury to the aberrant 
artery occurs bleeding cannot be effectively ma-
naged because of high blood pressure (14).
Children with chronic pneumonia and failure 
of single-lung ventilation have independent risk 
factors for conversion to thoracotomy (7). A mi-
nithoracotomy combined with video assistance 
performed predominantly via direct visualizati-
on was a secure, integrated, minimally invasive 
approach to the large fused fissure and the severe 
adhesion (3).
In conclusion, VATS lobectomy is an alternative 
to the traditional thoracotomy for the treatment 
of CCAM and PS, but VATS lobectomy should 
be investigated in the future for its safety and 
effectiveness.  
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SAŽETAK

Cilj Prikazati rijetki slučaj urođenih malformacija disajnih puteva (CCAM) i način njihovog hirurškog 
liječenja s video-asistiranom torakoskopskom hirurgijom (VATS).

Metode Dva muška djeteta i jedno žensko dijete, u dobi od 7, 4 i 3 godine, liječeni su zbog simptoma 
kašlja i povišene temperature u regionalnoj bolnici. Kod sve troje djece urađena su laboratorijska ispi-
tivanja krvi i radiografija grudnog koša. Auskultatorni nalazi su pokazali prisutnost upale pluća. Djeca 
su liječena odgovarajućim dozama antibiotika. Nakon izliječenja upale, transportovani su do Kliničkog 
centra Univerziteta u Sarajevu, gdje je nakon kompjuterizirane tomografije (CT) urađena video-asisti-
rana torakoskopska lobektomija (VATS). 

Rezultati CT grudnog koša je pokazao CCAM i plućnu sekvestraciju (PS), te je bila potrebna lobek-
tomija da se odstrani dio zahvaćenog plućnog tkiva. Kod dvoje djece s PS-om aberantna krvna žila 
poticala je od proksimalnog dijela trbušne aorte, dok treće dijete nije imalo PS.

Zaključak VATS lobektomija je alternativna metoda za tradicionalnu lobektomiju za liječenje CCAM-a 
i PS-a, ali će njena sigurnost i učinkovitost u budućnosti biti predmet istraživanja.

Ključne riječi: plućne malformacije, torakoskopska hirurgija, plućna sekvestracija, cistično adenoma-
toidna
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ABSTRACT

Aim To compare morphologic variations of occipital sulci patterns 
in patients with schizophrenia and migraine headache regarding 
gender and laterality using magnetic resonance imaging (MRI) 
and visual evoked potentials (VEPs) as well as damage of visual 
pathway in patients with schizophrenia.

Methods This study included 80 patients. Brain scans and visual 
evoked potential responses recorded over the occipital cortex were 
performed to analyze the occipital region of both hemispheres. 
Average total volumes of both hemispheres and average values of 
latency of the healthy population were used for comparison.

Results There was statistically significant difference between su-
bjects considering gender  (p=0.012). Parameters of body of the 
calcarine sulcus (p=0.0325) showed statistically significant posi-
tive correlation with  P100 latency (p=0.0449), inferior sagittal 
sulcus (p=0.0443) had significant positive correlation with P100 
latency (p=0,0413), lateral occipital sulcus (p=0.0411) and P100 
latency (p=0.0321) showed statistically significant difference 
only of  left hemisphere in male patients with schizophrenia with 
shallower depth of the sulcus and P100 latency prolongation.

Conclusion The consistency of the findings reveals distinct mul-
tiple brain regions, which show changes in the gray matter of pa-
tients with chronic forms of schizophrenia. The neurocognitive 
deficits of schizophrenia show highly consistent cross-sectional 
relationships to each type of functional outcome. 

Keywords: neuropathology, neuroradiology, neurophysiology, vi-
sual pathway
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INTRODUCTION

Schizophrenia is a debilitating, serious medical 
disorder and it has been hypothesized that the dis-
order originates from brain neurodevelopmental 
neuropathology with symptoms and neuropsycho-
logical deficits arising from alterations in brain 
regions or functional neuronal circuits (1). In con-
trast, neuropathological process may be related to 
a pre-existing neurodevelopmental  loss of synap-
tic contacts as well as, in subgroups of patients, 
to ongoing deficits on the synaptic and molecular 
level, resulting in an excessive loss of neuronal 
connectivity. Schizophrenia is not a classical neu-
rodegenerative disorder with astrogliosis, neuronal 
loss and an increment of cognitive deficits during 
its course. On the functional level, deficits are evi-
dent in symptom dimensions, a subtle loss of volu-
mes in specific brain regions, and in the activation 
pattern of neuronal networks (2). The disturbed 
function is related to decreased macro-and micro 
connectivity with disturbed connections in neuro-
nal networks and a deficit on the synaptic level. 
Imaging studies suggest that the subtle morpho-
logical correlates of schizophrenia outlined above 
sit beside localized alterations in the morphology 
and molecular composition of specific neuronal, 
synaptic and glial populations in the hippocampus, 
dorsolateral prefrontal cortex and dorsal thalamus. 
These findings suggest a view of schizophrenia not 
only as a disorder of connectivity, but also of the 
synapse. While cognitive dysfunction, including 
memory and attentional deficits, are well known 
in schizophrenia, recent work has also shown ba-
sic sensory processing deficits. Deficits are parti-
cularly prominent in the visual system and may 
be related to cognitive deficits and outcome (3). A 
primary approach to analyzing integrity of visual 
processing is the use of visual evoked potentials 
(VEPs). The VEPs  have the advantage that they 
are nonbehavioral and so provide an objective me-
asure of brain function.
Visual evoked potentials (VEPs) abnormalities 
have been a fairly consistent finding in patients 
with schizophrenia, and these highlight the im-
portance of sensory processing deficits, in additi-
on to higher cognitive dysfunction, for understan-
ding the pathophysiology of schizophrenia (4). 
Understanding the nature of sensory processing 
deficits may provide insight into mechanisms of 
pathology in schizophrenia, impaired signal am-

plification, and could lead to treatment strategies 
including sensory processing rehabilitation that 
may improve outcome (5).
The VEPs provide an objective measure of brain 
function, analyzing integrity of visual processing. 
Results from behavioral and electrophysiological 
studies support early visual processing dysfuncti-
on in schizophrenia, with preferential deficits be-
ing found in the magnocellular pathway, though 
parvocellular deficits have been found as well (6).
Preferential magnocellular dysfunction may provi-
de a substrate for dorsal stream dysfunction as well 
as higher level cognition deficits and outcome (7).
The aim of the study was to determine the mor-
phologic differences in the brain structures of 
occipital region regarding laterality and  P100 
latency between patients (in the Clinical Center 
of the University of Sarajevo, in three different 
clinical departments) with schizophrenia and 
patients with migraine headache using MRI and 
VEPs. Structural deficits in occipital cortex, par-
ticularly in optic radiations, and their relationship 
to early visual processing deficits, document the 
importance of subcortical as well as cortical 
dysfunction in schizophrenia. These findings 
may provide understanding of the nature of sen-
sory processing deficits and pathophysiology of 
schizophrenia. 

PATIENTS AND METHODS 

Patients and study design

This prospective, comparative study had been 
conducted at the Department of Psychiatry and 
Department of Neurology, Clinical Center of the 
University of Sarajevo, during the period of four 
years (2011-2015). The study included 80 pati-
ents of both sexes, 21–67 years old, classified 
into two groups: S group included 40 patients 
with schizophrenia (21 males and 19 females) 
and M (control) group with 40 patients with mi-
graine headache (10 males and 30 females). 
Magnetic resonance imaging (MRI) scans of 
both the left and the right hemispheres of occi-
pital lobe of 80 human brains were examined at 
the Department of Radiology, Clinical Center of 
the University of Sarajevo. Coronal sections and 
descriptive analysis of the occipital lobe were 
performed of parieto-occipital fissure, temporo-
occipital incisure, body of the calcarine sulcus, 
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anterior sulcus calcarinus, retrocalcarine sulcus, 
inferior sagittal sulcus, transverse occipital sul-
cus, lateral occipital sulcus, inferior occipital sul-
cus of occipital lobe,  left and right hemispheres 
of  both groups according to gender. The sulci (re-
gions) of interest of the occipital lobe through the 
magnetic resonance imaging volume of a single 
patient (control and patient with schizophrena) 
were identified (ROI):  parieto-occipital fissure 
(POF), temporo-occipital incisure (TO), body of 
the calcarine sulcus (BCS), anterior sulcus cal-
carinus (ACS), retrocalcarine sulcus (RCS), in-
ferior sagittal sulcus (ISGS), transverse occipital 
sulcus (TOS), lateral occipital sulcus (LOS), in-
ferior occipital sulcus (IOS). 
Visual Evoked Potentiasl (VEPs), as a measure-
ment of the electrical signal, recorded at the scalp 
over the occipital cortex of 80 human brains in 
response to light stimulus, were examined at the 
Department of Neurology, Clinical Center of the 
University of Sarajevo.  
The VEPs were used primarily to measure the 
functional integrity of the visual pathways from 
retina via optic nerves to the visual cortex of the 
brain. Visually evoked potentials elicited by flash 
stimuli can be recorded from many scalp locati-
ons in humans. 
Visual stimuli stimulate both primary visual cor-
tices and secondary areas. Clinical VEPs are usu-
ally recorded from occipital scalp overlying the 
calcarine fissure. This is the closest location to 
primary visual cortex (Brodmann’s area 17).
The Ethics Committee of the University Clinical 
Center Sarajevo gave an ethical consent to per-
form the study. All subjects signed a written in-
formed consent for the use of the results obtained 
for publication before the enrollment.
Patients (S group) included in the study were 18 
to 67 years old, who were on the hospital tre-
atment and under antipsychotic drugs at the De-
partment of Psychiatry, and had been diagnosed 
with schizophrenia according to the ICD-10 cri-
teria (8). Patients were included into the research 
on the basis of consecutive admissions, taking 
into account that all of them were with a long 
psychiatric history (at least 5 years of hospital 
treatment) with signed information consent wit-
hin clinical research. The criteria for the exclu-
sion referred to the appearance of psychotic phe-

nomenology within neurological disease, organic 
psychosyndrome, somatic disease, neurological 
disorder (head trauma, brain insult, epilepsy), 
information on drug or alcohol abuse, metal con-
tent in the body or those who did not sign infor-
med consents for voluntary participation.
For the group of patients with schizophrenia, 
the average age was 41.50 (SD±10.44; range 
22–67) years.
The control group (M group) represented patients 
18 to 55 years old, based on admissions at the De-
partment of Neurology, diagnosed with migraine 
headache criteria (9), and were tested with the test 
scales of assessment with the signed informed con-
sent for voluntary participation. This group inclu-
ded subjects who had never suffered from psycho-
tic or severe neurological disorders (head injuries, 
epilepsy) or diseases, and in whose anamnesis the-
re was no information on drug or alcohol abuse, 
with no metal content in the body and who signed 
informed consent for voluntary participation. 
The average age of the control group was 38.50 
(SD±6.59; range 30–53) years. The groups were 
equal according to age (p=0.691).

Methods

Neuroradiology method - magnetic resonance 
imaging (MRI). MRI scans were performed on 
a Siemens 3T supraconducting magnet system 
to get a very strong and homogeneous field 
T2TSE3D-RST-TRA (Avanto, Siemens, Erlan-
gen, Germany). It applied the relaxation time 
T2 (TR=750/TE114) with sequences of turbo 
spin echo (TSE) in transverse planes and layer 
thickness of 0.6 mm, T1 sequence (voxel resolu-
tion: 1mm×1mm×1.25mm, TI:20ms, TD:500ms, 
TR:9.7ms, TE:4.0ms, FLIP:10, Matrix:256×256, 
Rect. FOV: 7/8, Partitions:128, Time=13 min and 
12 seconds). For the purpose of a group analysis 
sulcus depth (mm), t-statistical map was genera-
ted for each hemisphere by application of  t>2.66 
(p<0.01, with the rate of freedom of  61). Two 
statistical methods, group analysis of size and in-
terhemispheric symmetry were used to test signi-
ficant differences of sulcus depth between  grou-
ps. Volumes of the sulcal patterns of the occipital 
region (cc) of both left and right hemispheres for 
each patient were investigated to provide a quan-
titative description of the variability of  the loca-
tion of a given brain structure.

Sulejmanpašić et al. MRI and VEPs of occipital region in schizophrenia and migraine
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Anatomical variability of the sulci of the occi-
pital region in standard stereotaxic space in the 
form of probability maps was examined.  The 
image data were resampled onto a standard grid 
with cubical voxels 1 mm wide. The gray-matter 
voxels extending for 1 mm on either side of the 
banks of the sulcus were included in the set of 
voxels constituting the sulcus. We identified 
occipital sulci and marked their corresponding 
gray matter voxel on magnetic resonance images 
around POF, TO, BCS, ACS, RCS, ISGS, SSGS, 
TOS, LOS, IOS, PCS, LiS and LuS. Average to-
tal volumes (cubic centimeters, cc) of both the 
left and the right hemispheres of the healthy po-
pulation for the comparison were as follows POF 
24.0, TO 1.1, BCS 11.2, ACS 7.5, RCS 2.7, ISGS 
1.9, SSGS 1.8, TOS 7.2, LOS 5.8, IOS 1.9, PCS 
3.8, LiS 1.7, LuS 2.5 (13,14).
Neurophysiological method -Visual evoked po-
tentials (VEPs). Patients were subjected to exa-
mination by Visual evoked potentials (VEPs) and  
patterns for psychophysical and electrophysiolo-
gical experiments were generated using a Mede-
lec Synergy, Version  10.1 (Oxford Instruments 
Medical, United Kingdom), applying a unipolar 
montage technique where reference electrode 
(surface gold electrode) was placed 5 - 9 cm abo-
ve the nasion point on the sagittal line between 
the nasion and Cz point, the active electrode was 
placed 2 - 4 cm above the posterior external pro-
tuberance on the line between the latter and Cz, 
while the ground surface electrode was placed on 
the chin to reduce artifacts. The pattern used was 
alternate pattern, each evoked potential recorded 
right and left eyes was recorded and processed, 
then the evoked potential was recorded from both 
eyes, and processed to calculate P100 latency. 
Recording was repeated 3 times for each patient 
and the mean was taken for recordings measured 
for each patient to minimize recording artifacts.  
For all experimental runs, the stimulus consi-
sted of a checkerboard pattern with equal num-
bers of light and dark checks (16 black and 16 
white, size 2x2 cm). Luminance was 50 cd/m2, 
Michelson contrast = 80%. Each check subten-
ded a visual angle of 0.65° both horizontally and 
vertically, while the checkerboard as a whole 
subtended visual angles of 5.25° vertically and 
horizontally. In all experimental runs the chec-
kerboard was presented in the center of a monitor 

with a gray background. Visual-evoked potenti-
als were recorded from the occipital site relative 
to the vertex site reference by means of gold-cup 
electrodes placed on the midline of the scalp. The 
ground was placed at the parietal site. Visually 
evoked potentials elicited by flash stimuli can be 
recorded from many scalp locations in humans.  
Visual stimuli stimulate both primary visual cor-
tices and secondary areas.  Clinical VEPs  is usu-
ally recorded from occipital scalp overlying the 
calcarine fissure. This is the closest location to 
primary visual cortex (Brodmann’s area 17).  
A common system for placing electrodes is the 
“10-20 International System” which is based on 
measurements of head size (10). The mid-occi-
pital electrode location (OZ) was on the midline. 
The distance above the inion calculated as 10% 
of the distance between the inion and nasion, 
which is 3-4 cm in most adults (the inion is the 
most prominent projection of the occipital bone 
at the posteroinferior part of the skull) (lower 
rear).  Lateral occipital electrodes are at similar 
distance off the midline. Another set of locations 
was the “Queen Square system” in which the 
mid-occipital electrode is placed 5 cm above the 
inion on the midline and 5 cm lateral from that 
location for lateral occipital electrodes (11).
There is a prominent negative component at peak 
time of about 75 msec (N75), a larger amplitude 
positive component at about 100 msec  (P100) 
and a more variable negative component at about 
145 msec (N145).  The major component of the 
VEPs  are the large positive wave peaking at 
about 100 milliseconds. The VEsP waveform, 
amplitudes and peak times depend upon the pa-
rameters of the stimulus.  Steady state VEPs  are 
those recorded using stimulation rates of 3 or 
more per second.  
Transient VEPs were recorded using rates of less 
than 3 per second. For all experimental runs, the 
stimulus consisted of a checkerboard pattern with 
equal numbers of light and dark checks. Each 
check subtended a visual angle of 0.65° both ho-
rizontally and vertically, while the checkerboard 
as a whole subtended visual angles of 5.25° ver-
tically and horizontally. In all experimental runs 
the checkerboard was presented in the center of 
a monitor with a gray background. The stimula-
tion of the entire field of view with both eyes, 
then the whole field of view individually for left 
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and right and for the halves of the visual fields 
of both eyes. Eye that was not watching was co-
vered. Average values of latency (the entire eye 
field both eyes) of the healthy population for the 
comparison were as follows- P100 latency (ms): 

entire field of view (both eyes) 96.60, left eye: 
96.60, right eye 99.30, right field of view (left 
eye) 103.50, right eye 103.50, left field of view 
(left eye) 105.00, right eye 105.00.

Statistical analysis

The research task was to define the differences 
between patients with schizophrenia and patients 
with migraine headache according to morphol-
ogy of the brain regions using MRI and VEPs 
of both groups. For the purposes of correlation 
and associative analysis multivariate analysis 
of variance, Pearson’s correlation coefficient 
and Point-biserial correlation was applied using 
χ2 test, T-test of independent samples, T-test of 
paired samples, Kolmogorov-Smirnov test and 
Levene`s test for equality of variances
Differences in which the p value was less than 0.05 
(p<0.05) were considered statistically significant. 

RESULTS

The study was conducted on a group of 80 su-
bjects divided into two groups: patients with 
schizophrenia (40) and control group (40) with 
migraine headache.
Among 40 patients with schizophrenia 21 
(52.5%) were males and 19 (47.5%) females; in 
the control group 10 (25.0% ) patients were ma-
les and 30 (75.0%) females (p=0.012).
Average age of patients with schizophrenia was 
41.50±10.43 years, and of controls  38.50±9.48 
years (Table 1).

sonance imaging and visual evoked potentials. 
Significant differences between the groups were 
registered of  occipital lobe with some specific 
regions (left hemisphere) and P100 latency (left 
side) only in male patients with schizophrenia. 
Patterns of body of the calcarine sulcus (m=9.713; 
SD=4.530; p=0.0213) showed statistically signi-
ficant positive correlation with  P100 latency 
(m=97.155; SD=10.064; p=0.0449) regarding 
gender only in male patients with schizophrenia 
only on the left side, without differences on the 
right side in the same group based on parame-
ters of MRI (m=10.218; SD=5.977), and VEP 
analysis (m=97.590; SD=9.804) (Table 2).
In parameters of inferior sagittal sulcus (m=1.730; 
SD=1.656; p=0.0443) regarding gender statisti-
cally significant positive correlation with P100 
latency (m=102.900; SD=10.830; p=0.0413) 
was noticed only on the left side in male pati-
ents with schizophrenia without differences on 
the right based on parameters of MRI (m=1.490; 
SD=0.909), and VEP analysis  (m=102.858; 
SD=10.468) (Table 2). Statistically significant 
positive correlation in parameters of lateral occi-
pital sulcus (m=5.545; SD=4.467; p=0.0411), and 
P100 latency (m=99.180; SD=10.387; p=0.0321) 
regarding gender was noted only in male patients 
with schizophrenia, with no differences on the 
right side of those patients based on parameters 
of MRI (m=4.640; SD=4.326) and VEP analysis 
(m=99.955; SD=9.886) (Table 2).

                         No (%) of patients
Schizophrenia group Control group

Age (years) Male Female Male Female
20-30 5 (23.8) 1 (5.3) 4 (0.4) 6 (0.2)
30-40 8 (38.1) 5 (26.3) 1 (0.1) 12 (0.4)
40-50 5 (23.8) 8 (42.1) 3 (0.3) 9 (0.3)
50-60 2 (9.5) 4 (21.1) 2 (0.2) 3 (0.1)
60-70 1 (4.8) 1 (5.3) / /
Total 21 19 10 30

Table 1. Age distribution of patients

Group of patient / 
variables

Mean (m) of a 
population

SD (standard 
deviation) p

Schizophrenia
Body of the calcarine sulcus 
(BCS)- left (male)

9.713
97.155

33.411
10.063

0.0213
0.0449

Control
Body of the calcarine sulcus 
(BCS) –right (male)

10.218
97.590

5.977
9.804

Schizophrenia
Inferior sagittal sulcus 
(ISGS)–left (male) 

1.730
102.900

1.656
10.830

0.0443
0.0413

Control
Inferior sagittal sulcus 
(ISGS) –right (male)

1.490
97.590

5.977
9.804

Schizophrenia
Lateral occipital sulcus 
(LOS)–left (male)

5.545
99.180

4.467
10.387

0.0411
0.0321

Control
Lateral occipital sulcus 
(LOS)-right (male)

4.640
99.955

4.326
9.886

Table 2. Morphologic structures of occipital lobe and P100 
latency according to gender

The morphological variation of the sulci of the 
occipital region and P100 latency of the human 
brain was examined in 80 patients (patients with 
schizophrenia and controls) using magnetic re-

Sulejmanpašić et al. MRI and VEPs of occipital region in schizophrenia and migraine
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In the schizophrenia group, all investigated para-
meters only on the left side, showed statistically 
significant differences in comparison with the 
right side of the same group. All correlations of 
occipital sulci patterns and P100 latency (whole 
view field of the left eye, whole view fields of  
both eyes, whole view field of right eye and left 
view field of left eye) were positive. Negative 
correlations were found in the control group with 
no statistically significant differences (Table 3). 

DISCUSSION

The neuropathological process in schizophre-
nia may be related to a pre-existing neurodeve-
lopmental loss of synaptic contacts as well as to 
ongoing deficits on the synaptic and molecular 
level resulting in an excessive loss of neuronal 
connectivity (12).
There is good evidence that there is a ran-
ge of structural brain changes associated with 
schizophrenia like it is linked to damaged structu-
re of the occipital cortex (13,14).
While cognitive dysfunction including memory and 
attentional deficits are well known in schizophre-
nia, recent work has also shown basic sensory pro-
cessing deficits with impaired activation of the su-
perior parietal, temporal and occipital cortex (15). 
Deficits are particularly prominent in the visual 
system and may be related to cognitive deficits 
and outcome (16).
Patients with schizophrenia show severe neu-
rophysiological deficits in brain information pro-
cessing not only at cognitive levels (17-19),  but 
also at perceptual levels (20-22) and perceptual 
deficits have been particularly well-documented 
in the visual system and have been shown to pre-

dict community outcome (23-31).
Further, the human visual system has been exqu-
isitely characterized both functionally and ana-
tomically permitting detailed examination of the 

brain mechanisms underlying dysfunction (32). 
Gender differences are evident in the morpho-
logy of brain structure in a healthy population, 
and studies point to identical differences in regi-
ons of the brain among men and women suffering 
from schizophrenia using MRI and VEP . Rese-
arch conducted using these techniques suggests 
that many of the structural changes occur in sexu-
ally dimorphic areas of the brain (33). 
Studies of gender differences in the context of 
schizophrenia, indicate that although the developing 
the disease is roughly the same among genders, men 
tend to develop schizophrenia earlier, with a worse 
prognosis and a premorbid history (34).
In our study, in regard to the age of patients, 
the minimum age in both groups was around 20 
years, while the maximum age in the group of 
patients with schizophrenia was 67, and in the 
control group 55. Members of the group diagno-
sed with schizophrenia were on average 3.5 years 
older than those in the control group. Neuronal 
connections, lateralization of brain functions and 
axonal myelination are established earlier in fe-
male brains than in those of males. This slower 
level of development could make the male brain 
more vulnerable to earlier damages, resulting in 
structural brain abnormalities associated with the 
early onset of the illness and its negative symp-
toms. Our research conducted using MRI and 
VEPs revealed changes in the occipital lobe, es-
pecially of the left hemisphere (shallower depth 
of sulcus and P100 latency prolongation). 

Group of patients/variables
Body of the calca-
rine sulcus (BCS) 

– left male
p Inferior sagittal sulcus 

(ISGS) – left male p
Lateral occipital 

sulcus (LOS) – left 
male

p

Sc
hi

zo
ph

re
ni

a

P100 latency (ms) whole view field-both eyes 0.325* 0.273 0.342*
P100 latency (ms) whole view field-left eye (mean) 0.413* (97.16) 0.045 0.287 0.364*
P100 latency (ms) whole view field-right eye 0.357* 0.328* 0.403*
P100 latency (ms) right view field- left eye (mean) 0.292 0.229 (102.90) 0.041 0.310
P100 latency (ms)  right view field- right eye 0.251 0.280 0.313*
P100 latency (ms) left view field-left eye (mean) 0.336* 0.355* 0.519* (99.180) 0.0321
P100 latency (ms) left view field-right eye 0.279 0.308 0.484*

C
on

tr
ol

P100 latency  (ms) whole view field-both eyes 0-.116 -0.345* -0.356*
P100 latency  (ms)  whole view field-left eye (mean) 0.169 (92.28) -0.307 -0.385*
P100 latency  (ms)  whole view field-right eye -0.164 -0.344* -0.411*
P100 latency (ms) right view field- left eye (mean) -0.165 -0.163 (89.103) -0.374*
P100 latency (ms) right view field- right eye -0.159 -0.155 -0.365*
P100 latency (ms) left view field-left (mean) -0.170 -0.134 -0.326* (91.908)
P100 latency (ms) left view field-right eye -0.218 -0.092 -0.381*

Table 3. Correlation of P100 latency with magnetic resonance imaging (MRI)

* Statistical correlation on  0.05
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In terms of gender, among a group of male pa-
tients with schizophrenia, significant differences 
were registered of body of the calcarine sulcus, 
lower sagittal sulcus and the lateral occipital sul-
cus, which is consistent with a study conducted 
by Andreasen and associates (35,36). The results 
of our study are consistent with a study that com-
pared the morphology of the cerebral cortex and 
its pattern of gyri and sulci depth of the occipital 
lobe and differences  in visual structures of P100  
latency in patients with schizophrenia, and in the 
area of the left hemisphere; differences in the 
depth of the sulcus (shallower) and latency pro-
longation were evident and were correlated with 
the degree of impairment of working memory 
and occipital lobe executive function (37,38). 
Five MRI studies (39-42) reported volume reduc-
tion in the occipital lobe in schizophrenia while 
Davatzikos et al. reported reduced gray matter 
in occipital association areas in patients with 
schizophrenia (43). 
Our research conducted using MRI and VEPs  re-
vealed changes in the occipital lobe, especially of 
the left hemisphere and structural deficits in occipi-
tal cortex, particularly in optic radiations, and the-
ir relationship to early visual processing deficits, 
document the importance of subcortical as well 
as cortical dysfunction in schizophrenia. A study 
examining cortical dysmorphology in patients with 
schizophrenia revealed diffuse cortical reduction in 
the left hemisphere in the group of male patients 
which correlates with our results (44). Descrip-
tive statistical parameter values   of the region of 
interest, as part of the occipital lobe, indicate si-
gnificant differences in the group of male patients 
compared to female patients and the control group. 
Visual evoked potential measured in our study has 
shown that P100 (latency prolongation) was only 
on  left eye in schizophrenic patients. 
Schizophrenia is associated with deficits in higher 
order processing of visual information and steady 
state visual evoked potential responses recorded 
over the occipital cortex suggest a dysfunction of 
lower level visual pathways, which was more pro-
minent for magnocellular than parvocellular biased 
stimuli. Our findings are consistent with studies 
that examined the morphology of the cortical sur-
face, and which recorded a reduction of the gyrus 
index in both cerebral hemispheres of 3%-4.5%, 
but it was more pronounced in the area of   the left 
side (45), which is consistent with the findings of 

five studies conducted in relation to the volume of 
the occipital lobes in schizophrenia (46). 
In our study a descriptive comparative analysis 
of morphological variations in the occipital sul-
cus region of both hemispheres using MRI reve-
aled the presence of significant differences par-
ticularly in the area of   the left hemisphere in the 
group of male patients.
Changes in patients with schizophrenia were 
correlated with asymmetry of the left hemisphere 
with a statistically significant P100  latency pro-
longation on the left eye.
The difference degree of P100 medium latency 
was consistent with data of Bodis-Wollner and 
associates (47,48). 
In conclusion, our findings reveal distinct multiple 
brain regions changes in the gray matter of patients 
with chronic forms of schizophrenia suggesting the 
existence of structural neuroanatomic disorders, 
ranging from evidence of focal brain changes, 
primarily of gray matter and its identification, and 
focus on damage of the brain. The finding of P100 
deficits in patients, particularly over dorsal scalp, 
supports the view that schizophrenia is associa-
ted with impairment of early dorsal visual stream 
processing. These results imply that the cognitive 
impairment seen in schizophrenia is not just due to 
deficits in higher order aspects of cognition but also 
encompasses significant deficits in early sensory 
processing. Little is known about the association 
of schizophrenia with the occipital lobe or whether 
the visual symptoms exacerbate if the occipital 
lobe is severely damaged is not yet known. Also, if 
the whole occipital lobe is involved in schizophre-
nia or just some part of it is involved also remains 
an unsolved mystery. Our study is useful to initiate 
new questions and recommendations for further 
studies, specifically on changes in the occipital 
lobe in the schizophrenic patient’s brain. Changes 
in the volume in the occipital lobe are quite evi-
dent and  further studies are required to better un-
derstand how the progressive brain changes affect 
the structural, functional, and metabolic activities 
of the occipital lobe in schizophrenia.
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Magnetnorezonantni prikaz (MRI) i vizualno evocirani potencijali 
(VEPs) područja okcipitalne regije kod pacijenata oboljelih od 
shizofrenije i migrenozne glavobolje
Gorana Sulejmanpašić1, Saida Fišeković1, Senad Drnda2

1Psihijatrijska klinika, 2Klinika za neurologiju; Klinički centar Univerziteta u Sarajevu, Sarajevo, Bosna i Hercegovina

SAŽETAK 

Cilj Komparirati morfološke razlike sulkusa okcipitalnog režnja pacijenata oboljelih od shizofrenije i 
migrenozne glavobolje u odnosu na spol i lateralnost primjenom magnetnorezonantnog snimanja (MRI) 
i vizualno evociranih potencijala (VEPs) s obzirom na oštećenje vizualnog puta kod pacijenata oboljelih 
od shizofrenije.
Metode Studija je uključila 80 pacijenata kod kojih je urađeno magnetno snimanje i vizualno evocira-
na stimulacija okcipitalnog korteksa radi analize okcipitalne regije obje hemisfere svakog ispitanika. 
Prosječne ukupne vrijednosti volumena obje hemisfere i vrijednosti P100 latencije zdrave populacije 
primijenjene su u komparativne svrhe. 
Rezultati Statistički značajne razlike između ispitanika evidentirane su u odnosu na spol (p=0,012). 
Kada se posmatraju vrijednosti parametara tijela sulkusa kalkarinusa (p=0,0325), donjeg sagitalnog sul-
kusa (p=0,0443), lateralnog okcipitalnog sulkusa (p=0,0411), utvrđene su statistički značajne pozitivne 
korelacije s latencijama P100 vala (p=0,0449, p=0,0413, p=0,0321) samo u području lijeve hemisfere 
muških ispitanika oboljelih od shizofrenije s plićim sulkusima i prolongiranom latencijom P100 vala. 
Zaključak Konzistentnost nalaza ukazuje na multiple moždane regije u području sive moždane mase 
pacijenata oboljelih od hronične forme shizofrenije. Neurokognitivni deficit kod shizofrenije pokazuje 
značajnu vezu s funkcionalnim ishodom bolesti.
Ključne riječi: neuropatologija, neuroradiologija, neurofiziologija, vizualni put
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ABSTRACT

Aim To investigate influence of therapy with new generation an-
tiepileptic drugs (AEDs) in fastening of posttraumatic epilepsy 
(PTE) remission comparing to therapy with standard AEDs, as 
well as the time to remission in the presence of psychiatric comor-
bidities. 

Methods The study was conducted during the 1988-2008 period 
and included 113 patients (47 females and 67 males) with PTE and 
113 patients (93 females and 20 males) suffering from complex 
partial seizures (CPS) of temporal lobe origin. In both patient gro-
ups, epileptic seizure phenotype, brain magnetic resonance ima-
ging (1.5 T and 3.0 T) and electroencephalogram were analyzed 
within 24 hours of epileptic seizure and after 5 years of treatment. 
Psychological testing was administered prior to therapy initiation.

Results The patients treated with standard AEDs achieved re-
mission in 82 (73%) cases as compared with 87 (77%) patients 
administered with a new generation AEDs; in the latter group, re-
mission was achieved faster (1.85 vs. 1.6 months). In both patient 
groups, psychiatric comorbidity prolonged time to remission by 
3.4 months.

Conclusion Therapy with new generation AEDs enables achie-
ving faster and complete remission in PTE patients.

Key words: classification, epidemiology, surgery, therapy, trau-
matic brain injury
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INTRODUCTION

Cerebral cortex with the epileptic focus contains a 
large number of pathologically altered nerve cells 
(neurons), so called deafferented neurons, mostly 
lacking synapses (1-3). In the so called ‘’silent 
period’’ following brain injury, the process of epi-
leptogenesis, including structural, biochemical 
and cellular alterations, takes place in the brain (4-
12). Brain injury results in focal or diffuse brain 
hemorrhage and hemolysis during which ions are 
released from the hem iron, promoting neuronal 
lipid peroxidation, free radical release and the-
ir excitotoxic action, thus causing damage to the 
deoxyribonucleic acid (DNA) and causing epi-
leptic seizures (7-12). According to posttraumatic 
timing of epileptic seizure onset, they are catego-
rized as immediate, early and late seizures (8,12).
Previously, the treatment included prophylactic 
use of antiepileptic drugs but they did not prevent 
the development of the disease (13-15). Today, a 
lot of attention adds applying remedies that will 
allow patient quality of life, intellectual activity 
and avoiding psychological changes caused by 
drugs (14,15).
Previous observation showed that patients with 
posttraumatic epilepsy respond better to tre-
atment with new antiepileptics than patients with 
other types of epilepsy (10-15).
The lack of similar studies in our environment, as 
well as the observation that people with posttra-
umatic epilepsy better respond to new than stan-
dard antiepileptics drugs (16-21) were reasons 
for conducting this study.
The aim of this study was to investigate influence 
of therapy with new generation antiepileptic dru-
gs (AEDs) in fastening of posttraumatic epilepsy 
(PTE) remission comparing to therapy with stan-
dard AEDs, as well as the time to remission in the 
presence of psychiatric comorbidities

PATIENTS AND METHODS

Patients

The study included 113 PTE patients (46 females 
and 67 males) and 113 patients (93 females and 
20 males) suffering from complex partial seizu-
res of temporal lobe origin (control group) trea-
ted during the 1988-2008 period.
Data were collected retrospectively during 1988-
2000 and prospectively during 2000-2008 peri-

ods. The end of the follow up was 2013.  The 
data collected retrospectively were: history, ini-
tial electroencephalogram (EEG), brain magnetic 
resonance imaging (MRI) at one month of brain 
injury and after 5 years of treatment, and neurop-
sychological testing. The data collected prospec-
tively were: follow up EEG and brain MRI af-
ter 5-year AED therapy, with continuous patient 
follow up at Epilepsy Clinic.
Phenotypes of analyzed epileptic attacks were 
included: elementary partial seizures (EPS) 
complex partial seizures (CPS), generalized to-
nic- clonic seizures (GTCS), elementary par-
tial seizures with generalization (EPS+GS), 
complex partial seizures with generalization 
(CPA+GS) and mixed (different types of attacks: 
EPS,CPS,GTCS).
The frequency of seizures was compared before 
and after the introduction of AEDs. Each patient 
group was divided into two subgroups: treated with 
a standard AED (carbamazepine) and with admi-
nistered new generation AED (lamotrigine), accor-
ding to age and profession of the patients. For yo-
unger intellectually active patients lamotrigine was 
administered. For older intellectually not active pa-
tients carbamazepine was administered. According 
to the frequency of epileptic seizures before and 
after 5-years therapy, patients were divided into 
four categories: complete remission, one seizure 
per year, 2-5 seizures per year, and 6-10 seizures 
per year. According to the time of onset, seizures 
were divided into three categories, i.e. immediate 
onset seizures occurring within 24 hours of brain 
injury, early 24 h to 7 days after trauma and late on-
set seizures occurring after 24 hours of brain injury. 
Prior to entering the study, all patients underwent 
neuropsychological testing by clinical psycholo-
gist using MMPI (Minnesota Multiphasic Perso-
nality Inventory) (2, 7-10, 13).
Medium dose of antiepileptics was carbamazepi-
ne 600 mg, lamotrigine 150 mg. 
Before switching on the research, patients signed 
informed consents.
The survey was last approved the Ethics Com-
mittee of General Hospital “Dr.Josip Benčević”.

Methods

Brain injury was defined as mild (without loss of 
consciousness), moderate (with loss of consciou-
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sness lasting for up to 30 min) or severe (with loss 
of consciousness lasting for more than 30 min and 
anterograde or retrograde amnesia) (3,14).
We analyzed the severity of craniocerebral trauma, 
neuroimaging MRI (normal, atrophy, gliosis), type 
of seizures for each group of patients and  frequ-
ency of seizures, the type and dose of drugs that 
are administered, and EEG changes immediately 
after the trauma and after 5 years of therapy.
Study patients underwent native EEG (Nihon, 
Koden, Japan) and EEG with provocation tests 
(photic stimulation and hyperventilation) within 
24 hours of the first seizure and after 5 years of 
AED therapy. EEG findings were classified into 
five categories: normal, diffusely dysrhythmic, 
focally altered, diffusely dysrhythmic with focus, 
and diffusely paroxysmal dysrhythmic with 
focus. Changes in EEG were analyzed before and 
after 5-year therapy. 
In PTE patients, brain MRI was done at a clinical 
hospital at one month and 5 years of brain injury 
on 1.5 T and 3 T device (Magnetom, Siemens, 
Germany) and analyzed by neuroradiologist. In 
patients with complex partial seizures of tempo-
ral lobe origin, initial brain MRI was also perfor-
med on 1.5 T device and follow up brain MRI on 
3 T device.

Statistical analysis

The methods of parametric statistics (for varia-
bles with normal distribution and quantitative 
data) and nonparametric statistics (for variables 
of non-normal distribution and qualitative data) 
were used. Mann-Whitney U test was used for 
differences between groups. The level of statisti-
cal significance was set at p<0.05. 

RESULTS 

A total of 226 patients were included in the study, 
i.e. 113 PTE patients (46 females and 67 males, 
mean age 43 years) and 113 patients with com-
plex partial seizures of temporal lobe origin as 
control group (93 females and 20 males, mean 
age 30 years). According to severity brain injuri-
es were determined as mild in 58 (51%) patients,  
moderate  in six (5%) and severe in 49 (43%). 
According to the time of epileptic seizure onset, 
early seizures were found in 28 (25%) and late 
seizures in 85 (75%) patients.

Brain MRI findings were normal in 31 (27%) ca-
ses, while gliosis was found in 64 (57%), brain 
atrophy in 12 (11%), and both gliosis and bra-
in atrophy in six (6%) cases. In the PTE group, 
the following types of seizures were recorded: 
elementary partial seizures (EPS) and complex 
partial seizures in nine (8%) cases each, genera-
lized tonic-clonic seizures in 44 (GTCS) (38%), 
elementary partial seizures with secondary gene-
ralization (EPS+GS) in 11 (10%), complex par-
tial seizures with secondary generalization in 38 
(CPA+GS) (34%) and mixed (different types of 
attacks: EPS,CPS,GTCS) in two (2%) patients. In 
the group of patients with complex partial seizu-
res of temporal lobe origin, the following types 
of seizures were recorded: EPS was detected in 
two (2%), CPS in four (4%), GTCS in 32 (28%), 
EPS+GS in nine (8%), CPS+GS in 57 (50%) and 
mixed in nine (8%) patients (Figure 1). 

Figure 1. Time to remission in posttraumatic epilepsy versus 
idiopathic complex partial epilepsy patients

In the PTE group, 68 (60.2%) and 45 (39.8%) 
patients were on therapy with conventional AED 
and new generation AED, respectively. Remissi-
on was achieved in 82 (73%) patients administe-
red with conventional AED and 87 (77%) of those 
administered with new generation AED. Accor-
ding to the time to remission, it was achieved at a 
mean of 1.6 months in PTE patients versus 1.85 
months in patients with complex partial seizures 
of temporal lobe origin (p<0.05) (Figures 2,3)
Electroencephalography findingsm which were 
analyzed before and after 5-year AED therapy, 
did not yield any statistically significant differen-
ce between patient groups on conventional and 
new generation AEDs before and after therapy 
introduction, but did point to a reduced severity 
of EEG changes.
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The time to remission of 3.4 months was found 
significantly prolonged in patients diagnosed 
with psychiatric comorbidities comparing to pa-
tients with posttraumatic epilepsy on standard 
AEDs (p 0.712 vs 0.05). In patients on standard 
AEDs time to remission was longer than in pati-
ents on new AEDs (Figure 1). 

DISCUSSION

In the present study, we assessed justifiability 
of prophylactic administration of conventional 

AEDs for prevention of PTE. Many studies with 
new generation AEDs (topiramate, gabapentin 
and levetiracetam) point to their neuroprotective 
effect and suggest their prophylactic use to be 
relatively justifiable (7-11). Randomized clinical 
trials investigating justifiability of using con-
ventional AEDs (phenytoin, phenobarbital and 
carbamazepine) in comparison to control groups 
administered with placebo found the prophylac-
tic use of AEDs to be justified for prevention 
of early epileptic seizures, whereas decision on 
chronic AED therapy (conventional or new ge-
neration AEDs) should be made upon making the 
diagnosis of PTE and depending on the risk fac-
tors for the disease development (15-28).
Studies comparing conventional and new genera-
tion AEDs administered after brain injury report 
on the beneficial effects of new generation AEDs 
on faster remission by preventing formation of 
the so called ‘epileptic neuron’ and good drug to-
lerance (1, 8-11, 22,25,27,28).
Our study results were consistent with these re-
ports. In PTE patients, remission was achieved 
faster with the use of a new generation AED as 
compared with a conventional AED, i.e. in 1.4-
1.8 months versus 1.7-2.0 months.
Analysis of EEG changes before and after 5-year 
therapy yielded significant difference in the se-
verity of EEG changes in both patient groups 
administered with standard and new generation 
AEDs in terms of reduced grade of EEG changes 
with the improvement and in the application of 
standard and new drugs. There was no differen-
ce in the EEG changes depending on the type of 
drugs used.
The world incidence of epilepsy in the general 
population is 1% (17-20). The town of Slavonski 
Brod and surroundings has 75,000 population, 
so 750 patients with epilepsy would be expec-
ted. According to current literature, PTE patients 
account for 5% of all epilepsy patients (21-24). 
During the 1988-2008 period, 1000 epilepsy pa-
tients were recorded at the Epilepsy Clinic of our 
General Hospital. The number of epilepsy pati-
ents was greater than expected, and the proporti-
on of PTE patients (11.3%) also exceeded litera-
ture data (25-30).
In conclusion, this study confirms previous inve-
stigations that PTE patients treated with a new 

Figure 2.  Time to remission in idiopathic complex partial epi-
lepsy patients with standard AEDs (antiepileptic drugs) versus 
new generation AEDs 
SE, standard error

Figure 3. Time to remission in posttraumatic epilepsy 
patients with standard AEDs (antiepileptic drugs) versus new 
generation AEDs
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Liječenje posttraumatske epilepsijeantiepilepticima nove generacije – 
naša iskustva 
Lidija Šapina1,2, Marija Ratković1,2

1Opća bolnica “Dr. Josip Benčević”, Slavonski Brod, 2Medicinski fakultet Osijek, Sveučilište Josipa Jurja Strossmayera, Osijek; Hrvatska

SAŽETAK 

Uvod Istražiti utjecaj antiepileptika nove generacije u postizanju remisije posttraumatske epilepsije 
(PTE) u usporedbi sa standardnim antiepilepticima, kao i utjecaj izraženih psihijatrijskih poremećaja na 
postizanje remisije bolesti.

Metode U istraživanje, provedeno u razdoblju od 1988. do 2008. godine, bilo je uključeno 113 pacije-
nata (47 ženskih i 67 muških) s PTE-om i 113 bolesnika (93 ženskih i 20 muških) s kompleksnim par-
cijalnim napadajima temporalnog ishodišta. U obje skupine bolesnika analiziran je fenotip epileptičnih 
napadaja magnetskom rezonancom (1.5 T i 3,0 T) i elektroencefalogramom 24 sata od epileptičkog 
napadaja i nakon 5 godina liječenja. Psihološko testiranje je primijenjeno prije početka terapije.

Rezultati Pacijenti oboljeli od PTE-a, liječeni standardnim antiepilepticima, postigli su remisiju u 82 
(73%) u usporedbi s 87 (77%) bolesnika koji su primili antiepileptike nove generacije; u potonjem, 
remisija je postignuta brže (1,85 vs. 1,6 mjeseci). U obje skupine bolesnika psihijatrijski komorbiditet 
produžio je vrijeme postizanja remisije za 3,4 mjeseca.

Zaključak Terapija antiepilepticima nove generacije omogućuje postizanje brže i potpune remisije u 
pacijenata s PTE-om.

Ključne riječi: klasifikacija, epidemiologija, kirurgija, terapija, traumatska ozljeda mozga
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ABSTRACT  

Aim To determine an impact of parental divorce to depression and 
intimate relationships of young people during adolescence, and 
prevalence of symptoms of depression and the level of intimacy 
in relations to adolescents living in intact families and those from 
divorced families.

Methods This prospective descriptive research was conducted on 
a sample of 168 examinees of which 64 (38.1%) were students 
of the University Zenica, and 104 (61.9%) high students schools 
from Zenica and Maglaj cities during May and June 2011. Beck’s 
Depression Inventory (BDI) II, Miller Social Intimacy Scale and 
sociodemographic questionnaire were used.

Results Adolescents from divorced families had statistically si-
gnificantly higher level of depression (p<0.05), with moderate and 
severe depression found in 20 (24.69%) adolescents from divorced 
families as compared with six (6.89%) adolescents from intact fa-
milies. An analysis of BDI-II scale showed that adolescents from 
divorced families had statistically significant difference in agitati-
on (p< 0.01), difficult concentration, suicidal thoughts, grief and 
pessimism (p<0.05). 

Conclusion It is necessary to carry out detailed studies on long-
term effects of breakup of families due to divorce, which have 
negative implications on psychological and social functioning of 
adolescents and the development of their identity and closeness in 
intimate relationships, with a legislative introduction of premarital 
and marriage counseling for parents in the conflict. 

Key words: depression, adolescents, marriage, divorce, intimacy, 
family



133

INTRODUCTION

At the list of potentially stressful events in life 
divorce takes the second place, immediately after 
the death of a spouse and it is a traumatic event 
for all family members – spouses themselves, their 
children but also their parents. Divorce does not 
affect just former spouses but also two adjacent 
generations – both their children and their pa-
rents. Judith Wallerstein was the first who upset 
the public with a well-known research on effects 
of divorce on children and claimed that 15 years 
after divorce 80% of divorced mothers and 50% 
of divorced fathers felt that divorce was good for 
them, while only 10% of their children had posi-
tive feelings related to their parental divorce (1). 
Young persons whose parents divorced during 
their adolescence claim to experience more stre-
ss, anxiety and depression and less social inte-
ractions and weaker self-concept than those from 
intact families – so called „spillover effect“, a 
conflict that spills over from parents to relations 
of young persons (2). 
Marital status of parents and relationships betwe-
en parents and adolescents, as confirmed by many 
studies, are linked to psychological wellbeing 
of adolescents. A conclusion of a meta-analysis 
conducted by Amato and Keith (3) investigating 
effects of divorce of parents on adaptation and 
mental health of children was that children of di-
vorced parents showed a lower level of psycholo-
gical wellbeing in the period of adolescence than 
children of parents who were not divorced, thou-
gh the difference was relatively small. 
Fagan and Rector (4) in their article also gave an 
insight in many research that adolescents with 
divorced parents experienced statistically signi-
ficantly more mental problems than adolescents 
living in full, intact families, while Størksen et 
al. (5) indicate that parental divorce affected 
psychological stability of their children espe-
cially during adolescence resulting in negative 
consequences especially regarding offspring of 
psychosocial impairment: lower self-esteem and 
the feeling of consternation, frequent depressive 
mood or more suicidal thoughts and even more 
attempts of suicide (6). Various studies have 
shown that the experience of parents’ divorce es-
pecially affects girls in the period of adolescence 
having in mind that conflicts of parents and a lack 
of understanding leading to divorce are linked to 

internalized symptoms in girls in the adolescence 
period but not in their male peers. Internalized 
problems lead to various symptoms of depressi-
on such as sadness, anhedonia, exhaustion, inso-
mnia, loss of appetite, feeling of guilt and loss 
of the feeling of personal worthiness, decreased 
concentration and suicidal ideas (7). Consequen-
ces of parental divorce and conflicts depend on 
gender too, thus girls react with emotional agita-
tion and internalized problems such as consterna-
tion and self-blame while boys tend to react with 
anger and aggression (8).
One of the main problems of divorce is that pa-
rental conflicts have a direct and important im-
pact on functioning and social adaptation of 
children and adolescents among their peers both 
in divorced and intact families and are conside-
red to be a key mediator for the effect of divor-
ce on children and adolescents. Having in mind 
a kind of „crisis of the institution of marriage“ 
and frequency of divorce worldwide – including 
Bosnia and Herzegovina (similar studies, to our 
knowledge, have not yet been  carried out in Bo-
snia and Herzegovina and the region), it was inte-
resting to examine an impact of parental divorce 
depression and intimate relationships of young 
people during adolescence, to determine preva-
lence of symptoms of depression and the level of 
intimacy in relations among adolescents living in 
intact families and those from divorced families.  
The results of this study can serve social workers, 
psychologists, psychiatrists, lawyers and marria-
ge advisors to successfully carry out their tasks 
related to the more widespread problem of divor-
ce and its negative impact on the various psycho-
logical aspects of adolescents.

EXAMINEES AND METHODS

Study design and examinees 

This prospective/descriptive research was con-
ducted on a sample of 168 examinees: 64 (38.1%) 
students of the University of Zenica (Pedagogical 
Faculty, Islamic Pedagogical Faculty, Economic 
Faculty, Faculty of Law, Faculty of Mechanical 
Engineering and Faculty of Metallurgical Engi-
neering) and 104 (61.9%) high school students of 
Zenica (First and Second Gymnasium, Secondary 
School of Economics, Secondary Nursing Scho-
ol, Secondary School of Industry, Catholic School 
Center) and Maglaj (Gymnasium “Edhem Mulab-
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dić” and Mixed Secondary School) during May 
and June 2011. The experimental group included 
81 (48.2%) adolescents from divorced famili-
es, who cooperated during the resaerch, and the 
control group included 87 (51.8%) adolescents 
from intact families, who cooperated during the 
resaerch). Among the total of 168 examinees 60 
(35.7%) were males and 108 (64.3%) were fe-
males. In the experimental group 27 (33.3%) and 
54 (66.7%), and in the control group 33 (37.9%) 
and 54 (62.1%) males and females, respecti-
vely, were included. The average age of exami-
nees was 18.4 years ranging from 15 to 23 years.  
The permission for this research was signed by the 
Rector of the University in Zenica and Deans of the 
Faculties where the study was conducted, as well as 
the director of the Pedagogical Institute of Zenica.

Methods 

Beck’s Depression Inventory (BDI) II (9), Miller 
Social Intimacy Scale (MSIS) (10) and Sociode-
mographic questionnaire were used. 
Beck’s Depression Inventory II (9) is one of the 
most commonly used scale of self-assessment to 
detect and measure the presence of the severity of 
depression. It consists of 21 items that measure co-
gnitive, behavioral, affective, motivational and so-
matic symptoms of depression. Each item is com-
posed of four responses that are ranked according 
to the gravity of symptoms from 0 to 3. Score gre-
ater than 17 indicates the presence of depression, 
and the highest possible score is 63 points. Stan-
dards for BDI-II are: a) 0 to 13 points - minimum 
depression, or no depression, b) 14 to 19 points 
- mild depression, c) 20 to 28 points - moderately 
depressed, d) over 29 points - severely depressed. 
Miller Social Intimacy Scale (10) is a popular 
instrument in the research of intimacy, and is ra-
ted as very reliable in numerous studies (11). It 
consists of 17 questions based on the Likert scale 
of five grades. Respondents are asked to answer 
questions referring to their most intimate relati-
onship to  measure the maximum level of inti-
macy of individuals. The results can range from 
17 to 85, with higher scores representing a grea-
ter level of intimacy. 
The sociodemographic questionnaire contains re-
levant information on the respondents and their 
family environment: issues relating to age, gender, 
family status and school subjects, who they lived 

with during the study, age at the time of parents’ 
divorce, parents’ marriage satisfaction, quality re-
lationships with both parents, the amount of con-
flict between parents during the marriage and after 
marriage, attitude toward marriage and so on.
Data were collected using the technique of sur-
veying with survey forms, questionnaires and sca-
les. The examinees were informed about the pur-
pose of the research and their voluntary consents 
with signature were requested. The examinees 
were protected as their names were not written on 
the questionnaires, i.e. the survey was anonymous. 
The relationship between parents’ marital status 
and the amount of conflict between parents with 
the level of depression and the closeness in inti-
mate relationships of adolescents from divorced 
families and adolescents from intact families was 
analyzed. Also, gender differences in the level of 
depression and closeness in intimate relationshi-
ps, types of coping-mechanisms and adaptations, 
and the influence of emotional relationships of 
adolescents to better cope with parental conflicts 
or divorce were analyzed.

Statistical analysis 

The standard parametric and non-parametric 
methods of descriptive statistics, t-test, Mann-
Withney U-test (nonparametric version of t-test) 
and the two-way ANOVA (compares the mean 
differences between groups that have been split 
on two independent variables to understand if 
there is an interaction between the two indepen-
dent variables on the dependent variable) were 
used for testing statistical significance of selec-
ted variables, while Spearman’s nonparametric 
test of correlation was used for the analysis of a 
correlation. Statistically significant results were 
tested at the level p<0.05.

RESULTS

Significant correlation between symptoms of de-
pression and parental divorce was found, e. g., 
adolescents who had experienced their parents’ 
divorce more frequently showed depressive 
symptoms (p<0.05). Six (6.89%) adolescents 
from married families and 20 (24.69%) adoles-
cents from divorced families showed the presen-
ce of moderate or severe depression (p<0.05). 
In total, four (7.40%) girls from married families 
and as many as 14 (25.92%) girls from divorced 
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families showed moderate or severe depression 
(Table 1). 

There was no statistically significant difference 
in the level of intimacy of adolescents in relati-
onships with regard to marital status of their pa-
rents (p>0.05), e. g., the difference in the level of 
intimacy was almost non-existent among the exa-
minees (p=0.852). The examinees in both groups 
had an average level of intimacy at the Miller So-
cial Intimacy Scale regardless of the structure of 
their family. 
There was no statistical significance of the rela-
tionship in the structure of families with parents 
and the level of depression with intimacy in ado-
lescents (p>0.05). However, although marital sta-
tus of parents has not proved to be a significant 
factor determining the level of closeness in in-
timate relationships in adolescents, it was found 
that gender of respondents proved to be a signi-
ficant factor determining the level of intimacy in 
adolescents, whereby girls have shown a stati-
stically significantly higher level of closeness in 
intimate relationships (p<0.01) (Table 4). 

Depressi-
on (BDI–

II)
N (%) of respondents with

Marital status 
of parents (No, 
% of respon-
dents)

Mean 
(SD) p

No 
depre-
ssion

Mild 
depre-
ssion

Moderate 
depre-
ssion

Severe 
depre-
ssion

Married
(87, 51.78)

10.51
(7.17)

0.048

62
(71.26)

19
(21.84)

4
(4.60) 

2
(2.30)

Divorced
(81, 48.22)

13.59
(9.85)

45
(55.55)

16
(19.75)

14
(17.28)

6
(7.41)

Table 1. Self-assessment of depression by Beck’s Depression In-
ventory II (BDI II) scale according to the marital status of parents

SD, standard deviation

Items of BDI-II Marital status of 
parents (No) Mean (SD) p

Agitation
Married (87) 0.53 (0.696)

0.001Divorced (81) 1.02 (1.012)
Difficulties with 
concentration

Married (87) 0.54 (0.661)
0.019Divorced (81) 0.85 (0.868)

Suicidal thoughts and 
wishes

Married (87) 0.22 (0.538)
0.020Divorced (81) 0.46 (0.742)

Grief 
Married (87) 0.16 (0.454)

0.043Divorced (81) 0.36 (0.730)

Table 2. Intratest analysis of Beck’s Depression Inventory II 
(BDI-II) scale according to the marital status of parents

Boys Girls 

Items of 
BDI-II

Marital 
status of pa-
rents (No)

Mean 
(SD) p

Marital 
status of pa-
rents (No)

Mean 
(SD) p

Agitation

Married
(33)

0.60
(0.625)

0.047

Married
(54) 

0.56
(0.664)

0.004Divorced
(27)

0.95
(0.671)

Divorced
(54) 

1.04
(1.009)

Difficulties 
with 
concentra-
tion

Married
(33)

0.67
(0.892)

0.385

Married
(54) 

0.57
(0.690)

0.009Divorced
(27)

0.89
(0.973)

Divorced
(54) 

0.98
(0.879)

Indecisive-
ness

Married
(33)

0.57
(0.728)

0.427

Married
(54) 

0.46
(0.638)

0.018Divorced
(27)

0.75
(0.651)

Divorced
(54)      

0.81
(0.870)

Table 3. Intratest analysis of Beck’s Depression Inventory II (BDI-
II) scale according to the marital status of parents and gender

SD, standard deviation

Intimacy in relationship by Miller Social 
Intimacy Scale (MSIS) 
Mean value (SD) p

Marital status of 
parents (No; %) 

Married (87; 51.78) 69.82 (10.694)
0.852Divorced (81; 48.22) 71.37 (7.808)           

Gender (No; %)
Boys (60; 35.71) 67.45 (12.266)

0.010Girls (108; 64.29) 72.30 (6.857)           

Table 4. Relationship of intimacy with marital status of 
parents and gender of respondents

SD, standard deviation

 
Intimacy in relationship 

by Miller Social Intimacy 
Scale (MSIS)

Marital status of parents and intimacy 
relationship (No) Mean value (SD)  p

Married and alone (48)  65.88 (11.912)
p<0.01Married and in intimate relationship (39) 74.67 (6.288)  

Divorced and alone (42) 70.55 (8.854)
p>0.05

Divorced and in intimate relationship (39) 72.26 (6.496)

Table 5. Relationship of intimacy with marital status of 
parents and intimacy relationship of respondents

SD, standard deviation

Analysis of  BDI–II scale showed that adoles-
cents from divorced families more frequently 
demonstrated signs of agitation (p<0.01), diffi-
culties with concentration, suicidal thoughts and 
wishes and grief (p<0.05) (Table 2).

As compared with their peers from married fami-
lies, girls from divorced families showed signi-
ficantly more internalized problems such as agi-
tation (p<0.01), difficult concentration (p<0.01) 
and indecisiveness (p<0.05), while boys from 
divorced families showed only higher level of  
agitation (p<0.05) (Table 3).  

The highest level of closeness in intimate relati-
onships was shown by adolescents who were in a 
love relationship and whose parents were married, 
while those whose parents were also married, but 
they themselves were not in an emotional relati-
onship showed the lowest level of closeness in in-
timate relations (p<0.01). On the other hand, there 
was no statistically significant difference in the le-
vel of closeness in intimate relationships between 
adolescents from divorced families regardless of 
their intimate status (p>0.05) (Table 5). 
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The analysis of conflicts between parents showed 
significantly more conflicts between parents in 
divorced families than in married ones as stated 
by adolescents (Mean 113.2 and 57.78, respecti-
vely) (p<0.001). The correlation between depre-
ssion and conflicts between parents was positi-
ve and statistically significant (p<0.01), and the 
correlation between parental conflict and close-
ness in intimate relationships of adolescents was 
slightly positive (p>0.05). 

DISSCUSSION 

This is the first study in Bosnia Herzegovina to 
address the relationship of parental divorce on 
adolescent’s depression and intimacy. The issue 
of divorce of parents and implications on adoles-
cents’ well-being is important because of theore-
tical considerations and clinical implications, but 
unfortunately received little research attention in 
the past. The findings of the present research indi-
cate that parental divorce is a significant risk factor 
for symptoms of depression in adolescents, while, 
on the other hand, adolescents did not show lack 
of closeness in intimate relationships regardless of 
the structure of their parent family. The findings 
also suggest the highest level of intimacy shown 
by adolescents whose parents are married and who 
also have an emotional relationship.
After parental divorce adolescents showed 
more depression, anxiety and antisocial behavi-
or over time (12), and it has significant impact 
on psychological well-being of adolescents (5), 
on their psychological stability, especially on 
lower self-esteem and the feeling of consterna-
tion, frequent depressive mood or more suicidal 
thoughts (6). There are differences between ado-
lescents from divorced and intact families on a 
range of child outcomes, but these differences are 
relatively small (13). The present research has fo-
und a small but still a significant difference for 
the presence of depression between adolescents 
from divorced and intact families: adolescents 
from divorced families, who showed agitation, 
difficulties in concentration, grief and suicidal 
thoughts and wishes more frequently. 
Qualitative research shows that the incidence of de-
pression increases during the transition from child-
hood to adolescence, but only in the group of girls, 
and living in a one-parent family after parental di-
vorce, as well as in general, is greater risk factor 
for emotional problems, including depression and 

loneliness for females as compared with males (5). 
In accordance with many surveys of depression in 
adolescents (14,15), it was expected that gender 
would play an important role in the demonstrati-
on of depression. It is indicative that the girls from 
this research have shown a higher variability of the 
level of depression, suggesting that divorce has a 
particularly negative effect on girls during adoles-
cence. The girls tend to use so called internalized 
mechanisms of personality defense as their own 
coping style (15), they show significantly more 
depression and they are more prone to negative 
impacts of stressful events from their close soci-
al environment than boys from divorced families, 
who only showed a higher level of agitation. Long-
term effects in adults, who experienced family bre-
akdown as children, include problems with mental 
health and well-being, alcohol use and problems 
with intimate relationships, and also family bre-
akdown has a greater influence on girls’ expectati-
ons of intimate relationships in adulthood (16).
Results of this research showed a week link betwe-
en depression and closeness in intimate relationshi-
ps. Richardson and McCabe (2) claimed that ado-
lescents from divorced families showed a lower 
level of satisfaction with their lives and maturity 
in relations from their peers who live with both 
parents. Kirk et al. (17) found that family structu-
re, either intact or divorced, did not directly affect 
fear of individuals from establishing intimate rela-
tionships and closeness with others, but the family 
structure still represents a predictor of expectations 
of future romantic relations of young people in the 
period of adolescence. However, gender proved to 
be a significant factor in the present research, since 
girls, regardless of the structure of their families, 
have shown a significantly higher level of close-
ness in intimate relationships, which is in line with 
many studies of intimacy (18), while there was 
no difference in the level of closeness in intimate 
relations with regard to marital status of parents. 
Similar results were obtained by Sinclair and Nel-
son (19), who also found no statistically significant 
difference in the level of intimacy among students 
having in mind their family situation. Although it 
was not found that parental divorce had long-term 
impact on future intimate relations of their chil-
dren, our post-hoc analysis has shown that interac-
tion of parents’ marital status and intimate status of 
examinees indicates statistically significant linkage 
with closeness in intimate relations. Since divorce 
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itself does not determine (at a statistically signifi-
cant level) the future level of intimacy of adoles-
cents in their relationships, other factors should 
be considered, such as emotional attachment to 
parents, quality of support received by adolescents 
from their parents and peers, then conflicts of pa-
rents and emotional quality of relations of young 
people with others, all of which can determine the 
level of closeness in intimate relationships of ado-
lescents (20).
This research obtained a minor positive correlati-
on between the quantity of parental conflicts and 
closeness in intimate relationships of adolescents. 
The quality of parenting with good communicati-
on, respect and willingness to resolve problems is 
one of the best predictors of children’s well-being 
both in intact families as well as single- parent 
families and stepfamilies (13), because family 
functioning is more important than the family 
structure (16). Good quality parent-child relati-
onships and flexible arrangements can ameliorate 
many of the potentially negative effects of sepa-
ration on children’s well-being (21), and couples 
who can resolve their arguments during marriage 
are less vulnerable to divorce and their children 
are less at risk of developing emotional or beha-
vioral problems (22). Children and adolescents 
in homes with high conflict may have difficulties 
in their own social relationships, they are prone 
to developing poor interpersonal skills (23) with 

others, such as parents (24) and, especially, in the 
longer term, romantic partners (25). 
One of the central findings of this study is that, 
at adolescence and adulthood, the experience of 
having been through parental divorce as a child 
detrimentally impacts the capacity to love and 
be loved within a lasting, committed relationship 
(1). A co-operative, mutually supportive and non-
confrontational co-parenting relationship benefits 
children generally (13). It is necessary to consi-
der the importance of the establishment of quality 
communication and friendly relations with the 
former spouse, as well as significance of prema-
rital counselling to compulsory parental and post 
marital counselling in the best interest of emoti-
onal development and mental health of their joint 
children, especially during the period of adoles-
cence. Future studies should continue to explore 
the impact of other forms of parental psychopatho-
logy to better understand the relationship between 
parental divorce, parental mental illness and con-
flict, lack of communication between parents and 
adolescents and offspring of adolescent depression 
and intimacy in relationships.

FUNDING

No specific funding was received for this study.

TRANSPARENCY DECLARATION

Conflict of interest: None to declare.

REREFENCES 

1. Wallerstein JS. Growing up in the divorced family. Cli-
nical Social Work 2006; 33:401–17.

2. Richardson S, McCabe MP. Parental divorce during 
adolescence and adjustment in aarly adulthood. Ado-
lescence 2001; 36:467–89.

3. Amato PR. Children of divorce in the 1990s: an update 
of the Amato and Keith (1991) meta-analysis. J Fam 
Psychol 2001; 15:355–70.

4. Fagan PF, Rector R. The effects of divorce on Ameri-
ca. The Herritage Foundation, No. 1373, 2000. http://
www3.nd.edu/~afreddos/papers/fagan-divorce.htm 
(27 July 2016).

5. Størksen I, Roysamb E, Holmen TL, Tambs K. Adoles-
cent adjustment and well-being: effects of parental di-
vorce and distress. Scand J Psychol 2006; 47:75–84.

6. Donald M, Dower J, Correa-Velez I, Jones M. Risk 
and protective factors for medically serious suicide 
attempts: a comparison of hospital-based with po-
pulation-based samples of young adults. Aust N Z J 
Psychiatry 2006; 40:87–96.

7. Crawford TN, Cohen P, Midlarsky E, Brook JS. Inter-
nalizing symptoms in adolescents: gender differences 
in vulnerability to parental distress and discord. J Res 
Adolesc 2001; 11:95–118.

8. Winstock Z, Sherer M, Enosh G. The effect of divorce 
on personal and familial images: the adolescent’s per-
spective. J Child Custody 2004; 1: 19–35.

9. Beck AT, Steer RA, Brown GK. Manual for the Beck 
Depression Inventory–II. San Antonio, TX: Psycho-
logical Corporation, 1996.

10. Miller RS, Lefcourt HM. The assessment of social in-
timacy. J Pers Assess 1982; 46:514–8.

11. Hook M, Gerstein L, Detterich L, Gridley B. How clo-
se are we? Measuring intimacy and examining gender 
differences. J Couns Dev 2003; 81: 462–72. 

12. Strohschein L. Parental divorce and child mental he-
alth trajectories. J Marriage Fam 2005; 67: 1286 

13. Amato PR. The impact of family formation change on 
the cognitive, social, and emotional well-being of the 
next generation. Future Child 2005; 15:75–96.

14. Twenge JM, Nolen–Hoeksema S. Age, gender, race, 
socioeconomic status, and birth cohort differences 
on the Children’s Depression Inventory: a meta – 
analysis. J Abnorm Psychol 2002; 111:578–88.

15. Peterson AC, Sarigiani PA, Kennedy RE. Adolescent 
depression: Why more girls? J Youth Adolesc 1991; 
20: 247–71.

Hadžikapetanović et al. Depression and adolescents’ intimate relationship



Medicinski Glasnik, Volume 14, Number 1, February 2017

138

16. Mackay R. The impact of family structure and fa-
mily change on child outcomes: a personal reading 
of the research literature. Social Policy J N Z 2005: 
24:111–33.

17. Kirk A. The effects of divorce on young adults’ rela-
tionship competence: the influence of intimate frien-
dships. J Divorce Remarriage 2002; 38:61–89.

18. Jones GP, Dembo MH. Age and sex role differences in 
intimate friendships during childhood and adolescen-
ce. Merrill–Palmer Q 1989; 35:445–62.

19. Sinclair SL, Nelson ES. The impact of parental divor-
ce on college students’ intimate relationships and rela-
tional beliefs. J Divorce Remarriage 1998; 29:103-29.

20. Guttmann J, Rosenberg M. Emotional intimacy and 
children’s adjustment: A comparison between sin-
gle-parent divorced and intact families. Educational 
Psychology 2003; 23:457–72.

21. Flowerdew J, Neale B. Trying to stay apace: children 
with multiple challenges in their post-divorce family 
lives. Childhood 2003; 10:147–61.

22. Bradbury TN, Karney BR. Understanding and altering 
the longitudinal course of marriage. J Marriage Fam 
2004; 66:862–79.

23. Finger B, Eiden RD, Edwards EP, Leonard KE, 
Kachadourian L. Marital aggression and child peer 
competence: A comparison of three conceptual mo-
dels. Personal Relationships 2010; 17:357–76.

24. Benson M, Buehler C, Gerard J. Interparental hostility 
and early adolescent problem behavior spillover via 
maternal acceptance, harshness, inconsistency, and 
intrusiveness. J Early Adolesc 2008; 28:428–54.

25. Cui M, Fincham F. The differential effects of parental 
divorce and marital conflict on young adult romantic 
relationships. Personal Relationships 2010; 17:331–43.

Depresivnost i bliskost u intimnim odnosima adolescenata iz 
razvedenih porodica
Halima Hadžikapetanović, Tajib Babić, Edin Bjelošević
Mental Health Centre, Public Institution, Health Care Centre Zenica

SAŽETAK  

Cilj Ispitati utjecaj razvoda braka roditelja na depresivnost i bliskost u intimnim odnosima mladih u 
periodu adolescencije, utvrditi prevalenciju depresivnih simptoma te ustanoviti postojanje razlika u 
učestalosti simptoma depresivnosti i nivoa bliskosti u intimnim odnosima između adolescenata koji 
žive u potpunim i razvedenim porodicama.

Metode Prospektivno-deskriptivno istraživanje provedeno je na uzorku od 168 ispitanika (64 (38,1%) 
studenta Univerziteta u Zenici i 104 (61,9%) učenika zeničkih i maglajskih srednjih škola), tokom maja 
i juna 2011. godine. U ispitivanju su korišteni sljedeći upitnici: Beckova skala depresivnosti (BDI) II, 
Millerova skala socijalne intimnosti i sociodemografski upitnik.

Rezultati Adolescenti iz razvedenih porodica imali su statistički značajno viši nivo depresivnosti 
(p<0.05), pri čemu umjereno ili teže prisustvo depresivnosti ispoljava 20 (24,69%) adolescenata iz 
razvedenih porodica u odnosu na 6 (6,89%) adolescenata iz potpunih porodica. Analiza BDI–II skale 
pokazala je da su adolescenti iz razvedenih porodica statistički značajno više pokazali znakove uzne-
mirenosti (p<0,01), te poteškoće koncentracije, suicidalne misli i želje, žalost i pesimizam (p<0,05). 

Zaključak Neophodno je provesti detaljna istraživanja o dugotrajnim efektima raspada porodice zbog 
razvoda koji imaju negativne posljedice na psihičko i socijalno funkcioniranje adolescenata te razvoj 
njihovog identiteta i bliskosti u intimnim odnosima, uz potrebu za zakonskim uvođenjem predbračnih i 
bračnih savjetovališta za roditelje u konfliktu.

Ključne riječi: depresivnost, adolescenti, brak, razvod, intimnost, porodica
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ABSTRACT

Aim To evaluate, in vitro antimicrobial ability of  two probiotic 
toothpastes (one containing Lactobacillus paracasei, other con-
taining Lactobacillus acidophilus) and one toothpaste without 
probiotic separately, and in a combination with two different mou-
thrinses (one containing essential oils and the other containing 
hexitidine). 

Methods Antimicrobial susceptibility was checked by using the 
ditch method and Clinical Laboratory Standard Institute (CLSI) 
guidelines. Two different toothpastes with probiotic, toothpaste 
without probiotic and two different mouthrinses were tested aga-
inst the following selected microorganisms: Candida albicans, 
Candida tropicalis, Enterococcus faecalis, Streptococcus saliva-
rius and Staphylococcus aureus. Kruskal-Wallis test and Mann-
Whitney U test were used for the statistical analysis (p≤ 0.05). 

Results Probiotic toothpastes had better inhibitory effect than 
toothpaste without probiotic in the case of Candida albicans 
(p=0.043) and Streptococcus salivarius (p=0.043). In all cases, 
toothpastes had stronger inhibition capacity than mouthrinses 
(p≤0.05).   

Conclusion Probiotic toothpastes, as a relatively new concept in 
the prevention of oral infectious diseases such as caries and perio-
dontal disease, can contribute to the prevention of oral infectious 
diseases. 

Key words: Lactobacillus acidophilus, Lactobacillus paracasei, 
mouthrinse, probiotics 
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INTRODUCTION

The dental plaque, which has been identified as 
a biofilm, is the primary etiological factor for  
most frequently occurring oral diseases, dental 
caries and periodontal diseases (1,2). Microbi-
al biofilms are complex communities of bacte-
ria and are common in the human body and in 
the environment (1-3). Dental biofilm cannot be 
eliminated, but it can be reduced and controlled 
through daily oral care (2). Since teeth comprise 
only 20% of the mouth’s surfaces and the biofilm 
bacteria contained in oral mucosal reservoirs, 
the use of topical antimicrobials as an important 
adjunct to tooth brushing may also play a role 
in controlling biofilm (3). Until today, the incor-
poration of chemical agents with antimicrobial 
activity into dental products has been proposed 
as a potential prophylactic method of reducing 
plaque-mediated disease (4). 
According to the World Health Organization 
(WHO), probiotics are defined as viable microor-
ganisms that confer a health benefit when admi-
nistered in sufficient doses. The most used genera 
in various probiotic products are Lactobacillus 
and Bifidobacteria (5). Yet, the Lactobacillus are 
the ones that play a significant role in the oral 
ecosystem and can be linked with oral disease 
as well as oral health (6). A few studies have re-
vealed that probiotic Lactobacillus strains were 
useful in reducing gingival inflammation and the 
number of black-pigmented rods in the saliva and 
subgingival plaque (7-9). Some other clinical tri-
als demonstrated a reduced prevalence of modera-
te to severe gingival inflammation in adults after 
regular use of probiotic tablets (10-12). Data of a 
pilot study suggested a beneficial effect of the pro-
biotic milk drink on gingival inflammation (13). 
Also, it has been shown that probiotic chewing 
gums consumed over the period of two weeks 
caused a reduction in proinflammatory cytokines 
in patients with gingivitis (14).  Possible actions of 
probiotic bacteria in the oral environment would 
be a competition of binding sites, production of 
antimicrobial substances and activation and mo-
dulation of the immune response (5,15,16). Unlike 
probiotic-containing food or supplement product, 
probiotic-containing toothpaste is a relatively new 
concept in the prevention of oral infectious dise-
ases such as caries and periodontal disease, and 
slowly accepted by the common toothpaste user 

(17). Advantage of this kind of probiotic product is 
the opportunity for regular, daily, frequent intake 
of probiotics into the oral environment (18).
Several researches already discovered that in vi-
tro L. acidophilus and L. paracasei  may inhibit 
growth of mutans streptococci  (19-21). 
The aim of this research was to evaluate, in vitro, 
antimicrobial ability of  two probiotic toothpa-
stes (one containing Lactobacillus paracasei, 
other containing Lactobacillus acidophilus) and 
one toothpaste without probiotic separately, and 
in combination with two different mouthrinses 
(one containing essential oils, and other contai-
ning hexitidine), against the following selected 
microorganisms: Candida albicans, Candida 
tropicalis, Enterococcus faecalis, Streptococcus 
salivarius and  Staphylococcus aureus.

MATERIALS AND METHODS

Study design 

Two probiotic toothpastes (A and B) were obta-
ined from a local drugstore (Table 1). The non-
probiotic toothpaste (C) and hexetidine-contai-
ning mouthrinses 1 and 2 (Mr1 and Mr2), which 
were considered standards served as positive 
controls. The sterile 0.9 saline was used as a ne-
gative control in antimicrobial test.

Agent Ingredients

Paste A

Aqua, Sorbitol, Hydrated Silica, Glycerin, PEG-32, 
Sodium Lauryl Sulfate, Aroma, Titanium Dioxide, 

Cellulose Gum, Sodium Fluoride (0,24%), Saccharin, 
Sodium Sulfate, Lactobacillus, Sodium Methylpara-

ben, Sodium Hydroxide

Paste B

Aqua,Glycerin, Sorbitol, Hydrated Silica, PEG 8, So-
dium Lauryl Sulfate, Celulose Gum, Acorus Calamus 
Root Powder, Eucalyptus Globulus extract, Origanum 

Majorana

Powder, Rosmarinus Officinalis Powder, Saccharin, 
Sodium

Methylparaben, Lactobacillus acidophilus

Paste C

Aqua, Sorbitol, Hydrated Silica, Glycerin, PEG-32, 
Sodium Lauryl Sulfate, Aroma, Cellulose Gum, Tita-
nium Dioxide, Sodium Fluoride (0,24%), Saccharin, 

Triclosan, Sodium Methylparaben, Limonene

Mouthrinse 1 
(Mr1)

Aqua, Alcohol, Sorbitol, Poloxamer 407, Benzoic 
Acid, Sodium Saccharin, Aroma, Eucalyptol, Methyl 
Salicylate, Thymol, Menthol, Sodium Benzoate, cl 

47005, cl 42053.

Mouthrinse 2 
(Mr2)

Hexetidine, Ethanol, Propylene glycol, Polysorbate 
80, Methyl salycilate, Saccharin Natrium, Anise 

essential oil, E 124, Citric acid monohydrate, Aqua.

Table 1. Ingredients of toothpastes and mouthrinses used in 
the study
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Methods

To prove the probiotic existence in tested to-
othpastes, the samples of toothpastes were cul-
tured on Columbia agar plate (Bio Rad, France). 
The plates were incubated for 48 hours at 36 °C 
in anaerobic conditions and identification of cul-
tivated Gram-positive bacilli confirmed the com-
position of the paste as stated in declaration.
Suspensions of tested microorganisms were pre-
pared by mixing a pure culture of two control 
strains, Enterococcus faecalis ATCC 29212 and 
Staphylococcus aureus ATCC 29213, and three 
isolates from routine work, Streptococcus saliva-
rius, Candida albicans and Candida tropicalis. 
Each isolate was cultivated on solid agar plates 
and 2-3 colony of each microorganism were 
mixed in 2 mL of sterile 0.85 saline solutions. 
The density of 0.5 McFarlands was measured by 
the densitometer (Densimat, BioMerieux, Marcy 
l’Etoile, France) for each suspension.
Antimicrobial susceptibility was checked by 
using the ditch method and Clinical Laboratory 
Standard Institute (CLSI) guidelines (22). The 
Muller Hinton agar was used to demonstrate the 
antibacterial effects on aerobes, while Sabourand 
dextrose agar was used for Candida isolates. 
Three wells (4 mm in diameter and 3 mm deep) 
were made using a sterile metallic template. The 
agar plates were streaked with the suspension 
of 0.5 Mc Farland turbidity and using a sterile 
spoon excavator, the toothpastes in their pure 
form were dispersed into the wells with and wit-
hout one drop of the ready-to-use mouthwashes. 
Similarly,  ready-to-use mouthwashes were in-
troduced into the wells, while the same amount 
of 0.9 saline was introduced into the well as a 
control. The plates were incubated for 24 hours at 
36 °C for aerobic bacteria and at 28 °C for Can-
dida isolates. The test was repeated twice (n=2) 
for each microorganism, toothpaste, mouthwash, 
and the combination of the last two mentioned.  
After incubation, zones of inhibition (with no 
growth of bacteria around the wells) were exami-
ned around the wells and measured in mm using 
analog caliper.

Statistical methods

The data were subjected to Kruskal-Wallis test 
for each pathogen group, and Mann-Whitney U 

test for pairs of interest, e. g., each toothpaste and 
mouthrinse were compared with each toothpaste 
and mouthrinse separately, but also combined. 
Paste A was compared with paste B, paste C, Mr1, 
Mr2, paste A+Mr1, paste B+Mr1, paste C+Mr1, 
paste A+Mr2, paste B+Mr2, paste C+Mr2; paste 
B with paste C, Mr1, Mr2, paste A+Mr1, pa-
ste B+Mr1, paste C+Mr1, paste A+Mr2, paste 
B+Mr2, paste C+Mr2; paste C with Mr1, Mr2, 
paste A+Mr1, paste B+Mr1, paste C+Mr1, paste 
A+Mr2, paste B+Mr2, paste C+Mr2; Mr 1 with 
Mr 2, paste A+Mr1, paste B+Mr1, paste C+Mr1, 
paste A+Mr2, paste B+Mr2, paste C+Mr2; Mr 2 
with paste A+Mr1, paste B+Mr1, paste C+Mr1, 
paste A+ Mr2, paste B+Mr2, paste C+Mr2). A p 
≤0.05 was considered as statistically significant.

RESULTS 

When we observed the effect of the tested to-
othpastes, mouthrinses or their combinations on 
the inhibition of Candida albicans growth, the 
inhibition zone was greater after treatment with 
paste A (Table 2), and that effect was statistically 
significant in relation to paste B (p=0.046), paste 
C (p=0.043), Mr1 (p=0.043) and Mr2 (p=0.046). 
The effect was also statistically significant when 
the paste A was used alone than in combination 
with Mr1 (p= 0.046) and Mr2 (p=0.043). Greater 
zone of inhibition was observed after the use of 
paste B than Mr1 (p=0.046) and Mr2 (p=0.050). 
The greater inhibition zone was also observed 
after the use of paste C than paste B (p=0.046), 
Mr1 (p=0.043) and Mr2 (p=0.046). It is intere-
sting that inhibition zone was greater after the 
treatment with paste C alone than in combination 
with Mr1 (p=0.043). 
The effect on Candida tropicalis was the greatest 
after the  treatment with the combination of paste 
C and Mr1 (Table2). When we considered the in-
hibition zone after the treatment with toothpaste 
only, the best effect was found after the treatment 
with paste C (Table 2), and it was statistically 
significant in relation to paste A (p=0.046) and 
paste B (p=0.043). Also, the effect after paste A 
and paste B was statistically different (p=0.046). 
There was a statistical difference when we com-
pared the effect of Mr1 and toothpastes (paste A: 
p=0.046; paste B: p=0.043; paste C: p=0.043), 
but also Mr2 and toothpastes (paste A: p=0.050; 
paste B: p=o.046; paste C: p=0.046). 

Parčina Amižić et al. Efficacy of probiotic-containing toothpastes
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The combination of toothpastes and Mr2 had the 
greatest effect of Enterococcus faecalis (Table 
2). Between the toothpaste, the biggest inhibi-
tion zone was observed after the treatment with 
paste C and the results were statistically different 
in comparison with paste A (p=0.046) and paste 
B (p=0.050). Considering the effect of toothpa-
ste and mouthrinses applied separately, toothpaste 
had better effect: paste A had shown better inhibi-
tion zone compared with Mr 1 (p=0.043) and Mr2 
(p=0.043), paste B compared with Mr 1 (p=0.037) 
and Mr2 (p=0.046), but also paste C compared 
with Mr 1 (p=0.037) and Mr2 (p=0.046). Com-
pared the inhibition zone after the treatment with 
toothpaste alone and in combination with mout-
hrinses, the effect for paste A was greater after the 
treatment in combination with Mr1 (p=0.043) and 
Mr2 (p=0.043). Furthermore, the effects of paste 
B (p=o.046) and paste C (p=0.046) were better 
after the combination with Mr2.
Paste C had the best effect on inhibition zone of 
Staphylococcus aureus when it was used alone or 
in combination with mouthrinses (Table 2). The 
effect of paste C was statistically significant in re-
lation to paste A (p=0.046) and paste B (p=0.050), 
when it is used alone. Also, the effect of paste C 
has significantly increased after its combination 

with Mr1 (p=0.046) and Mr2 (p=0.046). Consi-
dered the effect of toothpaste and mouthrinses 
applied separately, toothpaste had better effect in 
case of paste C compared with Mr1 (p=0.037) and 
Mr2 (p=0.050). Paste A and paste B showed better 
inhibition zone compared with Mr 1 (p=0.034 
for paste A, and p=0.037 for paste B), but Mr2 
showed stronger inhibition capacity than paste A 
(p=0.046), and also than paste B (p=0.050).
As opposite to the inhibition on S. aureus, paste 
C had the weakest influence on Streptococcus sa-
livarius of all tested toothpastes (p=0.043). When 
paste C was combined with mouthrinses, the in-
hibition zone for S. salivarius was significantly 
better (p=0.043, for both combination). Paste A 
also showed bigger inhibition zone in combination 
with Mr2 (p=0.043), while paste B showed weaker 
effect in combination with Mr1 (p=0.043) (Table 
2) than applied alone. Considering the effect of 
toothpaste and mouthrinses applied separately, to-
othpaste had better effect, so paste A showed better 
inhibition zone compared with Mr 1 (p=0.034) 
and Mr2 (p=0.043), paste B compared with Mr 
1 (p=0.033) and Mr2 (p=0.043), but also paste C 
compared with Mr 1 (p=0.034) and Mr2 (p=0.043).  

DISCUSSION

Both tested probiotic toothpastes showed satis-
factory antimicrobial activity, although in sum 
not stronger than the regular toothpaste. Lacto-
bacillus paracasei-containing toothpaste had 
stronger inhibition capacity than Lactobacillus 
acidophilus-containing toothpaste in all cases, 
apart from Streptococcus salivarius group where 
it had the same inhibition capacity. This coinci-
des with in vitro study  of Hasslöf et al. (21), but 
also with in vivo study of Glavina et al. (23) inve-
stigating the ability of the selection of lactobacilli 
strains used in commercially available products, 
to inhibit growth of oral mutans streptococci and 
C. albicans in vitro: with an exception of L. aci-
dophilus, the isolated probiotic strains (including  
L. paracasei) displayed strong inhibitory capaci-
ties against both microorganisms (23).  
Although  L. paracasei-containing toothpaste  
had generally stronger antimicrobial activity 
in comparison with L. acidophilus toothpaste, 
the strongest effect was against C. albicans. It 
was even significantly stronger than hexetidine 
mouthrinse, which is well known to have consi-

Inhibition zone mean in mm (standard deviation)

Paste/ Mout-
hrinse

Candida
albicans

Candida
tropicalis

Entero-
coccus 
faecalis

Staphylo-
coccus
aureus

Strepto-
coccus

salivarius

Paste A       29.67*
(0.58)

23.00*
(1.00)

21.67*
(0.58)

23.67*
(0.58)

18.33*
(0.58)

Paste B 20,00*
(2.00)

19.67*
(0.58)

19.33*
(1.53)

19.00*j
(1.00)

18.33*i
(0.58)

Paste C 26.67*
(1.16)

25.67*
(0.58)

27.00*
(1.00)

34.33*
(1.53)

16.33*
(0.58)

Mr1 9.67*
(0.58)

9.33*
(0.58)

0.00*
(0.00)

0.00
(0.00)

0.00*
(0.00)

Mr2 11.33*
(1.53)

14.00*
(1.00)

16.67*
(0.8)

28.33*
(1.53)

12.67*
(0.58)

Paste A + Mr1 27.00
(1.00)

26.00*
(1.00)

25.67*
(0.58)

25.33*
( 0.58)

19.00*
(1.00)

Paste B + Mr1 22.33
(0.58)

21.33*
(0.58)

19.00
(1.00)

18.67
(1.53)

14.67*
(0.58)

Paste C + Mr1 25.33
(1.53)

28.00
(1.00)

29.00
(1.00)

45.33*
(0.58)

21.67*
(0.58)

Paste A + Mr2 25.67*
(0.58)

25.67
(1.53)

39.00*
(1.00)

41.33*
(1.53)

23.67*
(0.58)

Paste B + Mr2 19.00
(1.00)

18.67
(0.58)

40.33i
(0.58)

36.33j
(0.58)

19.33
(0.58)

Paste C + Mr 2 24.50*
(0.71)

25.33
(0.58)

40.33*
(0.58)

40.33*
(0.58)

25.33*
(0.58)

Table 2. Antimicrobial activity (mean) against selected micro-
organisms for tested toothpastes and mouthrinses (Mr)

*p<0.05
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derable antimicrobial activity, but with big flaw 
in the form of teeth staining (24,25). This is an 
interesting finding and it should be considered in 
other oral candidiasis studies, for oral candidiasis 
accompanied with severe inflammation can si-
gnificantly degrade the quality of life of immuno-
suppressed individuals and elderly people  (26). 
The present study also examined the combined 
performance of toothpastes and mouthrinses and 
found that against C. albicans all combinations, 
except L. acidophilus paste and essential oil mou-
thrinse, had weaker  inhibition capacity than every 
single toothpaste, but much stronger than every 
single mouthrinses. It cannot be suggested that the 
reason for weaker activity of toothpaste-mouthrin-
se combinations compared to the one of toothpa-
stes is antiseptic effect of mouthrinse on probiotic 
culture in toothpastes because this finding also 
refers to the non-probiotic toothpaste. Further, we 
found it in testing against Streptococcus salivari-
us where L. acidophilus-toothpaste and essential 
oils-mouthrinse had weaker antimicrobial effect 
than L. acidophilus-toohpaste alone Regular and 
L. acidophilus-toothpaste in combination with 
hexetidine-mouthrinse had slightly weaker acti-
vity than toothpastes against Candida tropicalis, 
but without statistical significance. In all other ca-
ses, adding the mouthrinse to the toothpaste  incre-
ased its antimicrobial activity, especially against 
Enterococcus faecalis and Staphylococcus aureus. 
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Antimikrobna učinkovitost zubnih pasti koje sadrže probiotike: in 
vitro procjena
Ivana Parčina Amižić¹, Livia Cigić2, Lidia Gavić2, Marina Radić3,4, Dolores Biočina Lukenda2, Marija 
Tonkić3,4, Ivana Goić Barišić3,4

¹Ordinacija dentalne medicine, Dom zdravlja Splitsko-dalmatinske županije, 2Katedra za oralnu medicinu i paradontologiju, Studij 

dentalne medicine, Medicinski fakultet, Sveučilište u Splitu, 3Klinički odjel za mikrobiologiju i parazitologiju, Sveučilišna bolnica Split, 
4Medicinski fakultet, Sveučilište u Splitu; Split, Hrvatska

SAŽETAK 

Cilj Procijeniti antimikrobne sposobnosti, in vitro, dviju zubnih pasti koje sadrže probiotike (jedna 
sadrži Lactobacillus paracasei, a druga Lactobacillus acidophilus), jedne zubne paste bez probiotika, 
te u kombinaciji svake pojedine zubne paste i tekućine za ispiranje usta (jedne koja sadrži eterična ulja 
i druge koja sadrži heksetidin).

Metode Antimikrobna sposobnost testirana je ditch-metodom na agaru, na mikroorganizmima Candida 
albicans, Candida tropicalis, Enterococcus faecalis, Streptococcus salivarius i Staphylococcus aureus. 
Za statističku analizu korišten je Kruskal-Wallisov test i Mann-Whitney U-test (p ≤ 0.05).

Rezultati Obje testirane zubne paste s probiotikom pokazale su zadovoljavajuće antimikrobno dje-
lovanje, kako pojedinačno, tako i u kombinaciji s tekućinama za ispiranje usta, naročito u slučaju C. 
albicans (p=0.043) i Streptococcus salivarius (p=0.043), te jako inhibitorno djelovanje, nego tekućine 
za ispiranje usta (p≤0.05).   

Zaključak Zubne paste s probioticima mogu doprinijeti u prevenciji oralnih zaraznih bolesti. 

Ključne riječi: Lactobacillus acidophilus, Lactobacillus paracasei, probiotici, tekućine za ispiranje usta
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ABSTRACT 

Aim To assess prevention and reduction of trismus after surgi-
cally extracted impacted mandibular third molars with individual 
and combined therapy with corticosteroids and anti-inflammatory 
analgesics.

Methods The research included 60 randomly selected patients (3 
groups) attended to the Dental Oral Surgery of the Public Insti-
tution Healthcare Center Zenica during the period January-De-
cember 2008. Patients of both genders, 18-45 years of age, were 
presented without pain and other inflammatory symptoms at the 
time of surgery. According to a scheme established in the research 
protocol, two medications were administered orally: methylpred-
nisolone (corticosteroid) 32 mg and meloxicam (non-steroidal an-
ti-inflammatory analgesic, NSAID) 15 mg as a single drug, or a 
combination of both drugs. The level of trismus is assessed on the 
basis of differences of preoperative and postoperative values   of in-
terincisal spaces when fully opening the mouth on the second and 
the seventh post-operative day. The differences between groups of 
patients were evaluated by means of Tukey’s HSD test.

Results On the second and on the seventh post-operative day si-
gnificantly better results were registered in the group that received 
only corticosteroids and in the group that received both, corti-
costeroids and NSAIDs compared to the group that received only 
NSAIDs. A tendency of trismus reduction was present in all pati-
ent groups for the second and seventh day after surgery. 

Conclusion Prevention and control of postoperative trismus after 
surgical extraction of impacted mandibular third molars with com-
bined therapy is effective and superior comparing to individual 
therapy with meloxicam-or methylprednisolone alone.

Key words: impacted wisdom teeth, corticosteroids, analgesic 
drug 
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INTRODUCTION

First signs of the development of third molars can 
be detected on the radiograph at the age of six, 
and in some people at the age 12 to 14 (1). The-
ir appearance usually takes place over a period 
between 17-25 years of age. Since wisdom teeth 
are the last teeth that appear in the jaw, they often 
remain impacted due to lack of space (2).
The term impacted (retained) teeth means that 
teeth are fully formed in the bone but have not 
grown in their place or in any place in the dental 
arch or outside of it (3).
Oral surgical removal of impacted mandibular third 
molar is associated with possible postoperative 
complications (4). These can be expected and pre-
dictable, such as swelling, pain, trismus, or serious 
and permanent complications, such as paresthesia 
n. alveolaris inferior, n. lingualis and fracture of the 
mandible (5). The depth of impacted tooth and age 
of the patient as well as the duration of the surgical 
procedure may be associated with an increase in 
the incidence of postoperative complications (6). It 
is expected that the removal of impacted mandibu-
lar third molars often has a more pronounced nega-
tive impact on quality of life in the first 4 -7 days 
after surgical intervention, but after that period it 
is followed by improving quality of life, most no-
tably in terms of reduction of post-operative pain, 
swelling and trismus (7-10).
Previous research indicates that through pharma-
cological control the volume of the inflammatory 
process, the intensity of postoperative trismus 
can be significantly reduced (11).
Obvious interactivity between the mechanisms 
of non-steroid anti-inflammatory analgesics and 
corticosteroids suggests that a combined therapy 
can provide significant weakening of the expec-
ted post-operative sequelae such as trismus with 
absence of adverse reactions in relation to a spe-
cific therapy (12).
The aim of our research was  comparison of tre-
atment effects, i.e. prevention of the development 
of postoperative trismus through a combined the-
rapy with non-steroid anti-inflammatory anal-
gesics and corticosteroids, as well as with indi-
vidual treatment with these medications after 
oral surgical treatment of removal of impacted 
mandibular third molars, based on monitoring of 
parameters triz_T2 (trismus on the second posto-

perative day) and triz_T7 (trismus on the seventh 
postoperative day). 

PATIENTS AND METHODS

Patients and study design

The prospective research included 60 patients of 
both genders (68.33% females and 31.67 males) 
aged 18-45 admitted at the Healthcare Center Ze-
nica during the period January-December 2008, 
because of an indication for surgical extraction of 
impacted mandibular third molar (53.33% of the 
left and 46.67% right impacted mandibular third 
molars). All patients were without pain and other 
inflammatory symptoms including swelling, 
hyperemia and reduced mouth opening, with 
an indication for surgical extraction of impac-
ted mandibular third molar with fully completed 
growth and development of roots, and mesio-an-
gular position (Winter II class). The same surgi-
cal approach with standard surgical instruments 
and uniform corticotomy on vestibular side was 
adopted for each patient. 
Patients were (randomly) divided into three gro-
ups according to administrated therapy, i. e., 
methylprednisolone, meloxicam, methylpredni-
solone + meloxicam. In each group there were 20 
patients of both sexes aged 18 to 45 without con-
traindications to medications and anesthetics that 
were planned to be used in the research. 
Group I- patients treated with individual tre-
atment meloxicam. Every patient received 
1x15mg of the drug an hour before the surgery, 
and also in the next two days. 
Group II- patients treated with methylpredniso-
lone therapy. Each patient was given 1x32 mg of 
the drug an hour before the surgery and 1x32 mg 
12 hours after the surgery. 
Group III - patients treated with the combination 
therapy of meloxicam and methylprednisolone. 
Every patient in this group received 1x15 mg me-
loxicam an hour before surgery, and in the next 
two days; also, the patients was given 1x32 mg 
methylprednisolone an hour before surgery and 
1x32 mg methylprednisolone 12 hours after the 
surgery. 
No patient included in the study had any side 
effects such as nausea, vomiting, dizziness, tem-
perature, allergic reactions. 
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For each patient preoperatively an appropriate 
measure was taken, and precise description of the 
position, angulation, depth of impacted molars 
was recorded based on the analysis of panoramic 
radiographs. Precise description of the wounds, 
sutures and current state of healing in the posto-
perative period was also recorded. Each patient 
was fully informed about the research protocol 
and gave a written consent to perform the study.
Exclusion criteria were: kidney or liver disease, 
blood dyscrasia, previous and present gastric 
ulcers, heart disease, demonstrated hypersensi-
tivity, allergic reactions to some research medi-
cine, pregnancy and lactation. The research did 
not include patients who had not undergone pre-
operative measurement or did not accept the ne-
cessary measurements during the planned control 
on the second and seventh day after the surgical 
treatment, or patients who had taken painkillers 
or anti-inflammatory medications within 24 
hours before the surgical treatment, and patients 
with noticeable postoperative bleeding. Patients 
who voluntarily changed the treatment plan were 
also excluded from the study.
Based on a decision of the School of Dental Me-
dicine in Sarajevo, the Ethics Committee of the 
Healthcare Center Zenica approved the study, 
which was conducted at the Oral Surgery Section 
of the Dentistry Department of the Health Center 
Zenica. 

Methods

Impacted teeth in patients were extracted under 
local anesthesia in a dose of 4 cc 2% Xylocaine 
with adrenaline (1: 80,000) with prior consent of 
patients.
Two medications were used: meloxicam 15 mg 
(nonsteroidal anti-inflammatory drugs from the gro-
up of selective COX-2 inhibitors) and methylpred-
nisolone 32 mg (glucocorticoid of synthetic origin). 
Both medications were applied per os, according to 
the administration schedules (13).
The level of trismus was assessed in relation to 
triz_T2 parameters (size of trismus on the second 
postoperative day) and triz_T7 (size of trismus 
on the seventh postoperative day), and they were 
created on the basis of the difference between 
preoperative and postoperative values of interin-
cisal spaces. 

Statistical analysis

Pearson’s correlation coefficient evaluated in-
terdependence parameters for trismus for the se-
cond and seventh postoperative day. The level of 
statistical significance was p <0.05. 
A two-way analysis variance for one independent 
variable (three groups of respondents) and two 
dependent variables (trismus second and seventh 
day) was performed comparing patients and me-
asurements at different time points. In order to 
find a statistically significant difference between 
arithmetic means of individual groups (I, II and 
III) and the time of measurement Tukey HSD 
test was used. Tukey HSD test was conducted 
comparing the results of the group (I, II and III) 
patients and test of statistical significance, the pa-
rameters trizl_T2 and triz_T7. Mean differences 
indicate the mean difference in the parameters of 
trismus between individual therapy or a group of 
patients. The standard error is an error differen-
ces between individual therapy or group of pati-
ents. Confidence interval of 95% is the interval 
indicating the mean value of difference between 
values with 95% accuracy.. 

RESULTS 

The correlation of results for all three groups of 
patients for the parameters triz_T2 and triz_T7 
was significant (0.939; p <0.01).
The high value of Pearson’s correlation coeffici-
ents (p <0.01) for the parameters triz_T2 (size of 
trismus on the second postoperative day) and triz_
T7 (size of trismus on the seventh postoperative 
day) suggests a statistically significant difference 
p <0.05 among the groups of patients (I, II and 
III) and a strong link between triz_T2 and triz_T7. 
This means that those patients who had a strong 
postoperative trismus on the second day had 
stronger trismus on the seventh postoperative day. 
For group of patients with respect to the parame-
ters triz_T2 and triz_T7 showed that the groups 
differed significantly (p <0.05). Statistically si-
gnificant difference (p<0.05) was found among 
the groups I, II and III of patients for the parame-
ters triz_T2 and triz_T7. The tendency of trismus 
reduction was presented in all patient groups with 
regard to the second and seventh postoperative 
day.  The pace of reduction was not statistically 
significantly different among the groups. 
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Statistically significant difference (p <0.05) 
between the groups with individual therapy with 
methylprednisolone and individual therapy with 
meloxicam for the parameters triz_T2 and triz_T7 
was found, and it was in favor of the therapy with 
methylprednisolone (Table 1). There was a statisti-
cally significant difference (p<0.05) between the 
groups with individual therapy with melox fortae 
and combined therapy with methylprednisolone 
and meloxicam for the parameters triz_T2 and 
triz_T7 and it is in favor of the combined therapy 
(Table 1). There was also difference between the 
groups with individual therapy with methylpredni-
solone and combined therapy with methylpredni-
solone and meloxicam for the parameters triz_T2 
and triz_T7 and it is in favor of combined therapy, 
but without statistical significance (Table 1).
Figure 1 presents trismus level for the second and 
seventh postoperative day to three groups of pati-
ents with mean values   for each groups.

DISCUSSION 

In our research, the size of trismus was largest for 
the group which received individual therapy with 
meloxicam. Trismus level was lower for the the-
rapy with metilprednisolone compared to therapy 
with meloxicam. A statistically significant reduc-
tion in the size of trismus in the group which re-
ceived a combined therapy with metilprednisolone 
and meloxicam, compared to the group that recei-
ved therapy with meloxicam was found. We did not 
find a statistically significant difference in size of 
trismus between the group with combined therapy 
and individual therapy with metilprednisolone. 
Postoperative trismus was lower with combined 
therapy with metilprednisolone and meloxicam 
compared to individual therapy with metilpred-
nisolone.  Unlike Bamgbose et al. who compared 
the effect of joint action of corticosteroid dexa-
methasone and non-steroidal anti-inflammatory 
analgesic diclofenac K compared to individual 
therapy with non-steroid anti-inflammatory anal-
gesic diclofenac K, our research demonstrated a 
statistically significant difference in reduction of 
trismus between these two medication protocols in 
favor of the combined therapy (14).
Mico-Llorens et al. have determined the effi-
cacy of corticosteroid methylprednisolone in 
controlling postoperative sequelae after surgical 
removal of impacted mandibular third molars 
applying 40 mg of methylprednisolone and fo-
und a statistically significant levels of swelling, 
trismus and pain on the second and seventh po-
stoperative day as compared to the control gro-
up (15).  Lopez C et al. compared the efficacy 
of corticosteroid methylprednisolone versus non-
steroid anti-inflammatory analgesic diclofenac in 
the treatment of inflammation and trismus after 
surgical removal of third molars, but there were 
no statistically significant differences in the de-
velopment of trismus for the used anti-inflamma-
tory therapy (16).
Buyukkurt et al. found that patients who received 
the combination of prednisolone-diclofenac had a 
smaller loss of the ability to open their mouth on 
the second and seventh postoperative day compa-
red with the group that received prednisolone and 
the control group (17).  Bjornsson et al. in their 
study compared the postoperative course after re-
moval of identical bilateral impacted mandibular 
molars (18) and significantly higher trismus was 

Trismus 
parameters 

Group of 
patients*

Groups of pati-
ents compared 

with which

Mean diffe-
rences

95% 
confidence 

interval

triz_T2 II I -7.59850† -8.6941
III -.15100 -1.2466

I II 7.59850† 6.5029
III 7.44750† 6.3519

III II .15100 -.9446
I -7.44750† -8.5431

triz_T7 II I -6.00500 -6.8349
III .23050 -.5994

I II 6.00500† 5.1751
III 6.23550† 5.4056

III II -.23050 -1.0604
I -6.23550† -7.0654

Table 1. Comparison of groups I, II and III with respect to 
trismus parameters

*Group I, patients with individual treatment meloxicam; Group II- pa-
tients with individual methylprednisolone therapy; Group III - patients 
with combination therapy of meloxicam and methylprednisolone 
†Value of difference with the level of significance 0.05 (Tukey’s HSD test)

Figure 1. The level of trismus for the second and seventh post-
operative day for three groups of patients with mean values   
for each group
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observed after the first surgery with respect to the 
second surgery, although the surgical protocol 
was identical for all surgical interventions, and 
the duration of the procedure was about the same. 
Recent literature suggests that, in addition to gi-
ving painkillers, corticosteroids should be given 
to prevent the expected postoperative sequelae 
in oral surgery, especially for the reduction of 
postoperative edema and trismus. There are nu-
merous studies about their pharmacokinetic and 
pharmacodynamic properties (19-21).  Cortisol 
and synthetic analogs of cortisol have the ability 
to impede physiology of inflammation process, 
but the mechanisms through which corticoste-
roids can alleviate pain are incompletely under-
stood. Suppression of tissue levels of bradykinin 
(22) that increase nocioception in inflamed tissue 
by applying systemic glucocorticoids, was con-
firmed in numerous studies (23). A decrease of 
synthesis of prostaglandins was found due to cor-
ticosteroids which might contribute to analgesia 
(24) However, the primary effect of corticostero-
ids analyzed in a number of studies manifested in 
the effective reduction of swelling, and the im-
pact on trismus was significant, while the impact 
on the level of pain was secondary (25-28).
Trismus is normal and expected after the surgery 
of third molars. Limited opening of the mou-
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Prevencija trizmusa različitim terapijskim pristupom kod 
hirurške ekstrakcije impaktiranog mandibularnog umnjaka
Edin Selimović1,2, Lejla Ibrahimagić-Šeper1,2, Ibrahim Šišić2,3, Suad Sivić2,4, Senad Huseinagić2,4

1JU Dom zdravlja,Zenica, 2Zdravstveni fakultet, Univerzitet u Zenici, 3Kantonalna bolnica, Zenica, 4Institut za zdravlje i sigurnost hrane, 

Zenica; Zenica, Bosna i Hercegovina  

SAŽETAK

Cilj Procjena prevencije i smanjenja trizmusa nakon operativnim putem ekstrahiranih impaktiranih 
mandibularnih umnjaka kod pojedinačne i kombinirane terapije s kortikosteroidima i antiinfalamtornim 
analgeticima.

Metode U istraživanje je metodom slučajnog izbora bilo uključeno 60 pacijenata (3 grupe) koji su 
posjetili Oralnu hirurgiju JU Dom zdravlja Zenica, u periodu od januara do decembra 2008. godine. 
Svi kandidati, oba spola, od 18 do 45 godina starosti, bili su bez prisustva bola i drugih inflamatornih 
simptoma u vrijeme operativnog zahvata. Prema shemi utvrđenoj protokolom istraživanja, ordinirana 
su „per os“ dva lijeka: methylprednisolone 32 mg i meloxicam 15 mg. Nivo trizmusa je procjenjivan 
na osnovu razlike preoperativne i postoperativne vrijednosti interincizalnog razmaka. Razlike između 
grupa pacijenata u nivou trizmusa procjenjivane su posredstvom Tukeyevog HSD-testa.

Rezultati  Ustanovljena je statistički značajna razlika (p<0,05) za smanjenje postoperativnog trizmusa 
između grupe pacijenata kojoj je ordinirana kombinirana terapija i grupa pacijenata kojima je ordinirana 
pojedinačna terapija. Tendencija smanjenja trizmusa je prisutna u svim grupama pacijenata s obzirom 
na drugi i sedmi postoperativni dan. 

Zaključak  Prevencija i suzbijanje postoperativnog trizmusa nakon hirurške ekstrakcije impaktiranih 
mandibularnih umnjaka s kombiniranom terapijom je učinkovita i superiornija u odnosu na individual-
nu terapiju s metilprednizolonom ili meloksikamom.

Ključne riječi: impaktirani treći molari, kortikosteroidi, analgetici
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