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ABSTRACT

Aim Comparative structural bioinformatic analysis of the con-
served domains and amino acid residues, binding grooves of the 
tumor necrosis factor (TNF) α and β in order to elucidate structure-
based inhibitor development was conducted.

Methods We carried out the bioinformatics study of TNF prote-
ins at the Department of Bio-informatics (Galgotias University, 
India) between June and December 2012. TNFα and TNF-β fun-
ctional protein sequences in FASTA format were obtained from 
the NCBI database for analysis. The online tool ClustalW from the 
European Bioinformatic Institute was used for multiple sequence 
alignment to record similarities. The Jmol server was used for 3D 
visualization of alpha helix, beta sheet and loops of TNF proteins. 
The PyMOL molecular visualization system was used to generate 
surface cavity and to identify binding grooves of TNF proteins.

Results This study showed highly conserved amino acids residues 
such as LYS11, PRO12, ALA14, HIS15, VAL50, PRO51, GLY54, 
LEU55, TYR56, LEU57, TYR59, SER60, GLN61, GLY122, 
VAL123, PHE124, PHE152, and GLY153 are consequent amino 
acids in TNF-α while residues such as ALA31, HIS32, SER77, 
GLN78, PHE166, and GLY167 are consequent amino acids in 
TNF-β. Surface cavity and binding grooves showed TNF-β with 
larger surface cavities than TNF-α with higher chances for drug 
development since small drug-like molecules can bind easily into 
the groove. 

Conclusion The results illustrate the structure of TNF proteins and 
the novel findings may guide future research on TNF and in the 
process of assisting the optimization of the pharmacological pro-
perties involving the two crucial proteins. 

Key words: cytokine, adipokine, molecular inhibitor, low-cost 
drug, computational biology
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INTRODuCTION

Tumor necrosis factor (TNF) was the first dis-
covered cytokine secreted by several cells that 
include monocytes and macrophages. It is a pro-
inflammatory cytokine that secretes in response 
to many inflammatory stimuli or external cellular 
stress (1). It was first identified in mid-1970s as 
an endotoxin induced serum factor that caused 
the necrosis of certain tumors (2). However, du-
ring the latter half of the 19th century, this pheno-
menon was described by William Coley who was 
the first to investigate the phenomenon of tumor 
necrosis (3). Cerami and colleagues describe an 
unrelated molecule called as Cachectin that plays 
a role in chronic diseases (4,5). Subsequent studi-
es indicate that TNF and cachectin are considered 
to be one and the same molecule. It is found to be 
a lipoprotein lipase-suppressing serum factor in 
parasite-infected animals. This molecule appears 
to be a main factor in the pathology; it escorts 
invasion by foreign organism and the host mo-
unts an exaggerated response (6,7). TNF-α act on 
normal immune cell regulation process (8) and 
also regulates expression of MMP-9 and integrin 
αvβ6 during tumor promotion (9). It helps the 
release of other cytokines and different agents 
(10). However, at the start TNF-α tends to inte-
ract with one of the receptors, TNFR1 or TNFR2. 
After binding to the receptor, a series of protein 
cascades such as serine/threonine kinase have 
been initiated causing the activation of members 
of the MAP kinase super family. It also causes ac-
tivation of the transcription factors NFkB and Jun 
Kinase (11). NFkB consecutively regulates the 
production of many proinflammatory cytokines 
including TNF-α and related several proteins that 
are prominent for the immuno-inflammatory di-
seases (12). It has been noted that the expression 
level of TNF-α as well as expression level NFkB 
are controlled by a common feedback loop (13).
Various diseases such as inflammatory, infectio-
us, immunological, or malignant diseases such as 
rheumatoid arthritis, psoriasis, and inflammatory 
bowel disease (Crohn’s disease and ulcerative 
colitis) have been related to the transcriptional 
activity of  TNF-α (14), cachexia, and sepsis (15). 
The inhibition of TNF-α transcription constitutes 
valuable therapeutic approach for the manage-
ment of diseases. On the other hand, during seve-
re asthma, high level mRNA of TNF-α has been 

reported (16). Hence, it can be a promising target 
for the discovery of anti-asthmatic drugs. Altho-
ugh a number of tumor necrosis factor (TNF-α) 
inhibitors have been approved by the FDA and 
are already in the market namely, infliximab (Re-
micade), adalimumab (Humira), certolizumab 
pegol (Cimzia), and golimumab (Simponi) (17), 
the cost of the drugs is too high and out of reach 
for people in developing countries. For example, 
Infliximab is a chimeric monoclonal antibody 
that reduces the TNF-α which is used at a dose 
of 10 mg/kg IV weekly for up to 8 doses costing 
USD 9,000 (18).
Therefore, there is an urgent need for low-cost small 
molecular inhibitor of TNF and for the develo-
pment of small molecular inhibitors, the knowled-
ge about the structure of tumor necrosis factor is 
crucial. Two research groups developed the crystal 
structure for TNF-α almost at the same time (19,20) 
while a third group described X-ray crystallograp-
hic structure (21) and also developed some small-
molecule inhibitors. High resolution structure of 
this protein has been described (22). The TNF fa-
mily has 15 cytokines and most play an important 
role in inflammation and immune response. Howe-
ver, TNF-α (known as TNF), TNF-β (known as 
lymphotoxin-α) are significant (23). Tumor necro-
sis factor-β, a lymphokine cytokine is produced by 
Th1 type of T-cells. It induces vascular endothelial 
cells for their further activity (24). The structure-
based design of therapeutic agents is considered as 
a novel approach (25,26). Furthermore, 3D struc-
ture, conserve domains and surface structure of a 
protein are essential to design the novel inhibitors 
that can act as drugs. However little is known about 
the amino acid conservation pattern of 3D struc-
ture, binding grooves of protein members. Little is 
known about the TNF amino acid conservation 
patterns in 3D structure. The aim of this study was 
to perform a comparative structural bioinformatics 
analysis of the conserved domains and amino acid 
residues, binding grooves of the TNF family mem-
bers (TNF-α and TNF-β) to elucidate the structure 
based inhibitor development of TNF. 

MATERIALS AND METhODS 

Data on the genes related to proteins belong to tu-
mor necrosis factors (TNFα and TNF-β) from the 
National Center for Biotechnology Information 
(NCBI) (27) were collected.  The functional pro-
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tein sequences (in FASTA format) were collected 
from the NCBI database and further analyzed. 
The ClustalW software was used for the multi-
ple sequences alignment (28). Using the JalView 
(29, 42) of ClustalW, conserve amino acid resi-
dues and the related scores were recorded. Based 
on the multiple sequence alignment techniques, 
we were able to observe the similarity in sequ-
ences. Multiple sequence alignment (MSA) was 
finally merged into one by using profile to pro-
file alignment MUSCLE (30). The Jmol server 
(http://jmol.sourceforge.net/) was used to visua-
lize the secondary structures such as alpha helix, 
beta sheet and turns or loops of TNF proteins 
(31,32). This server is ideal in proving 3D visua-
lization of protein as well as chemical structures 
using the JMol applet. The conservation patterns 
of structures in TNF proteins were formed using 
ConSurf server (33,34). The conservation scores 
at each amino acid position were calculated using 
the same. It also calculated the evolutionary con-
servation of amino acid positions in proteins 
using an empirical Bayesian inference, starting 
from protein structure and sequence, respective-

ly. Highly conserved amino acids from proteins 
were used for further analysis. The PyMOL (35) 
was used to generate the surface cavity as well as 
identification of binding grooves of TNF prote-
ins. We used “.pdb” files to generate the surface 
structure and the cavities of those proteins.  

RESuLT 

Tumor necrosis factor proteins and their genes 
were recorded using original data from the NCBI 
data bank. It has been noted from the amino acid 
sequences that TNF-α is 232 amino acid protein 
(GenBank: ACO37640.1) and TNF- β is 205 ami-
no acid protein (GenBank: AAB59455.1). For 
conservation patterns analysis, we used two pdb 
files which are 3G3Y(C hain) and 1TNR (A chain) 
for TNF-α and TNF- β, respectively. The result of 
the multiple sequence alignment (MSA) has been 
provided in Figure 1. This figure has shown the 
following conserved blocks such as 15-35, 51-79, 
84-141, 148-182, and 186-232 in TNF-α, while 
TNF- β has shown conserved blocks such as 15-
35, 51-79, 84-141, 148-182, and 186-205 (Figure 
1B).  Four conserved blocks such as 15-35, 51-79, 
84-141, and 148-182 are similar.

Figure 1. Multiple sequence alignment and conservation pattern of amino acid sequences of TNF proteins. A) Conservation pattern 
of amino acid sequences of different TNF proteins, B) Schematic diagram shows the conservation regions of TNF proteins

A)

B)

Chakraborty et al. Bioinformatic analysis of tumor necrosis factor
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Beta sheets more than alpha helices in TNF-α. 
Three alpha helices have been noted in TNF-α 
and two alpha helices have been noted in TNF- β 
(Figure 2). 

(Figure 4) and it clearly shows that TNF-β pro-
vided more surface area with higher chances for 
drug development since small drug-like molecu-
les can bind easily into the groove. 

Figure 2. Secondary structure of TNF family members shows 
alpha helices, TNF-α (left) and beta sheet, TNF-β (right)

The numbers of highly conserved amino acid re-
studies were more in TNF-β and less in TNF-α 
(Figure 3). Nonetheless, we were able to do-
cument highly conserved amino acids of each 
protein (Table 1; Figure 4). VAL50,PRO51, 
GLY54, LEU55, TYR56, LEU57, TYR59, 
SER60, GLN61, GLY122, VAL123, PHE124  
and PHE152, GLY153 were consequent amino 
acids in TNF-α. On the other hand, highly con-
served amino acids residues like ALA31, HIS32, 
SER77, GLN78 and PHE166, GLY167 were 
consequent amino acids in TNF-β (Table 1). 
While reviewing the highly conserved residues, 
the following were found. TNF-α contained 30 
highly conserved residues and TNF-β contained 
16 highly conserved residues. So, this study has 
recorded the presence of the highest number of 
highly conserved amino acids in TNF-α.. TNF-β 
has shown bigger surface cavities than TNF-α 

Figure 3. Conservation patterns and backbone structures of 
the proteins of tumor necrosis factors. A) General conserva-
tion patterns with highly conserved amino acids in 3D struc-
ture of TNF-α and TNF-β (amino acid conservation scores 
classified into 9 levels), B) Backbone structures with highly 
conserved amino acids of tumor necrosis factor proteins

A)

B)
TNF-α

TNF-α

TNF-β

TNF-β

Figure 4. Surface cavity and binding grooves of the tumor ne-
crosis factors: some prominent surface cavities are marked 
with arrows

Tumor necrosis 
factors  Highly conserved  amino acids

TNF-α
ALA14, HIS15, TRP28, LEU48, GLY54, TYR56, 

GLN61, PRO117, LEU126, VAL150, 
PHE152, GLY153, LEU157 

TNF-β ALA31, HIS32,TRP45, GLY71, TYR73, TYR76, 
LEU114, SER132, LEU141, ASP145, 

PHE166, GLY167, LEU171 

Table 1.  List of highly conserved amino acids in tumor 
necrosis factors

Discussion

The TNFα is prevalent in various cell types, ne-
vertheless, the TNF-β is known to be available 
in very few cells. The TNFα has been created by 
extensive group of cells such as macrophages, 
CD41, CD81, T-lymphocytes, B-lymphocytes, 
LAK cells, NK cells, neutrophils, astrocytes, 
endothelial cells, smooth muscle cells, and a 
number of non-hematopoietic tumor cell lines. 
Conserved domains represent distinct units of 
3D structure (36) and they are the fundamental 
elements in the evolution of protein (37).  It has 
been recorded that conserved amino acid residu-
es asve a significant role on substrate binding as 
well as conformational integrity of N-terminal 
domain (38). It has also been noted that conser-
ved amino acid motifs have a distinct role in au-
toimmunity. The conserved regions of proteins of 
viruses are known to cross-react with tissue-de-
rived and ubiquitous autoantigens and this study 
has revealed more on the conservation pattern 
of tumor necrosis factors that domains like 15 
to 35; 51 to 79; 84 to 141; 148 to 182 and 186 
to 205/232 are more conserved. Highly conser-
ved amino acids residues TNF-α and TNF-β may 
have physiological role as well (39, 20). On the 
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other hand, ligand binding in the conserve part in 
the protein is significant area of research for drug 
development (25, 26). We have used ConSurf 
server and ClustalW software for our work to 
know the conserve domains. Similarly, other da-
tabases are also available to know the conserved 
domains of proteins. For example, UNIX tool is 
available to analyze the conserved domains and 
sequence motifs in cellular regulatory proteins 
(40). NCBI harbors conserved domains databa-
se (CDD), which links to domain 3-D structure 
(27). CORAL software can align conserved core 
regions across domain families and it is availa-
ble in NCBI Cn3D/CDTree (27). However, these 
softwares provide a unique opportunity and new 
directions to investigate the conserved domains 
of proteins (27).
TNFα is composed of two types, namely, mem-
brane bound and soluble form and both have se-
parate functions (1,20). TNF-α seems to serve to 
affix the polypeptide in the membrane and its first 
formed as a type II membrane protein (15, 20). 
Amino acids -44 to -26 of the TNFα sequence 
comprise the hydrophobic transmembrane region 
and residues -76 to -50 comprise the intracyto-
plasmic region (1,15). This unprocessed protein 
has a molecular mass of 26 kDa which is cleaved 
and give a 17 kDa active form (1, 20). It exists in 
solution as processed homotrimer form and this 

has total molecular mass of 52 kDa. This homo-
trimer form binds and cross-links receptors. TNF 
β share the same fold as TNFα. However, there 
are significant differences in the surface proper-
ties of these two molecules. Each monomer con-
sists of 2 β-pleated sheets each of 8 anti-parallel 
β-strands with an N-terminal insertion that con-
tains 3 additional β-strands. Although the TNF-β 
shared the same fold as TNF-α, there are signifi-
cant differences in the surface properties of these 
two molecules. 
Presently, several works have been preformed 
on structure based drug design. It is based on 
knowledge of a protein structure which can help 
to optimize specific inhibitors with the design. 
Nevertheless, the results and discussion summa-
rized in this study clearly illustates the structure 
of TNF proteins. The findings highlighted here 
could guide future research on TNFs and in the 
process of assisting the optimization of the phar-
macological properties of these two proteins.
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ABSTRACT

Aim To analyze a change of level of nautriuretic peptide (NT pro-
BNP) caused by stress distension of myocardial wall in cases of 
acute myocardial infarction (AIM), as a possible predictor of early 
heart failure. 

Methods  Patients with myocardial infarction were followed up. 
Standard clinical and laboratory examination, including NT pro-
BNP, and other laboratory analyses, were performed on the day of 
admission, the next day and on the eighth day of hospitalization. 
Statistical analyses included variance for repeated measurement 
(ANOVA), factorial multivariate analysis and test of multiple 
correlations.

Results The most important predictors of early heart failure in 
acute myocardial infarction were age, diastolic blood pressure, 
creatin kinase (CK) on admission, larger field of infarction zone 
and so on.  Multiple correlations showed statistically significant 
correlation of age, diastolic pressure and larger zone of myocardi-
al infarction with an increase of NT pro-BNP concentration. The 
activity of CK on the day after admission was higher than on ad-
mission (p=0.02) and  myocard-binding CK (CK-MB) the next 
day after admission was higher than on admission (p=0.016). A 
statistically significant increase was found on the next day for NT 
pro-BNP in comparison with the value on admission (p=0.0049), 
but the level of activity of CK was markedly decreased on the 
eighth hospital day. 

Conclusion The significant increase of the concentration of NT 
pro-BNP during myocardial infarction is an important predictor of 
early heart failure, therefore, in case of a significant increase of NT 
pro-BNP in the early phase of the infraction a therapy that could 
prevent clinically relevant heart failure should be administered .  

Key words: ischemic heart disease, infarction, NT pro-BNP, heart 
failure
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INTRODuCTION

Many changes of diagnostic tools and the trea-
tment of myocardial infarction have been seen in 
last two decades. Invasive procedures, like stent 
implementation, were developed as a very succe-
ssful early treatment of myocardial infarction (1).  
Mortality of myocardial infarction was decrea-
sed substantially after the establishment of these 
procedures (2,3). Many very useful diagnostic 
procedures were developed at same time. Among 
others, the most important are biomarkers of tissue 
damages, like any type of troponins, myoglobin 
(4). All natriuretic peptides (there is a very large 
family of peptides with same function), are natu-
ral products of myocardial wall during distension. 
Any situation with stress distension of myocardial 
wall causes a release of these peptides fibers.  
Natriuretic peptides have been released as a re-
sult of distension of myocardial wall. Any stre-
ss of myocardial wall should be followed by an 
increase of natriuretic peptides secretions regar-
dless of ongoing pathophysiological events (5). 
Distension of whole myocardium or any of his 
part should be a provocation for release of natri-
uretic peptides (6). Any situation with tendency 
for distension of atrial or ventricular inner spaces 
should be followed by an increase in the concen-
tration of natriuretic peptides, as the answer and 
as the signal for the increase of strength of con-
traction of myocardium (7). There are only two 
situations when natriuretic peptides were relea-
sed more than usually – tendency of water over-
load, as it could be seen in kidney diseases with 
kidney failure, or if very serious arterial hyper-
tension was present (8). The same situation could 
be present if very high resistance was present in 
peripheral arterial bloodstream (9,10). 
In recent literature natriuretic peptides and their 
precursors have been described (11). It was no-
ted that natriuretic activity was present in natri-
uretic peptides and in their precursors too (12). 
Thereafter, any of natriuretic peptides and their 
precursors were directed to the same receptors of 
target cells (13). So, any of these members of the 
family of natriuretic peptides are overlapped in 
their actions and metabolism (14). 
The aim of this study was to analyze the use of 
results of laboratory analyses of natriuretic pepti-
des in the prediction of early heart failure in myo-

cardial infarction, as the most important clinical 
entity of ischemic heart diseases.  

PATIENTS AND METhODS

Patients with acute myocardial infarction treated 
at the Intensive Care Unit (ICU) of the General 
Hospital Tešanj, Bosnia and Herzegovina, were 
analyzed for clinical, laboratory and markers of 
myocardial tissue damage. Diagnostic procedures 
for these patients were performed according to 
the Guidelines of European Society of Cardiolo-
gy (ESC) (15,16).  Data related to risky behavior 
(cigarettes smoking, food intake, alcohol intake, 
physical activity) were noted as well as other risks 
for myocardial infarction. Analyses of lipid status 
were performed, including total cholesterol, low 
(LDL) and high density cholesterol (HDL), tri-
glycerides, fibrinogen, C-reactive protein (CRP), 
blood cell count, e. g. red blood cells (RBC),  
medium cell volume (MCV), hematocrite, white 
blood cells (WBC), thrombocytes (Tr), as well as 
troponin, myoglobin, lactate dechydrogenase acti-
vity (LDH), creatinine phosphate kinaze activity 
(CPK), myocardial binding creatinine phosphate 
kinaze (CK-MB). Natriuretic peptides were anal-
yzed by performing examination of concentration 
of N-terminal precursor of brain natriuretic pepti-
de (NT pro-BNP).  Important clinical parameters 
were noted on admission (systolic blood pressure, 
diastolic blood pressure, heart rate). All parame-
ters were followed up according to the protocol of 
ICU. Measurement of enzymes activities (LDH, 
CK, CK-MB) and NT pro-BNP were followed up 
on the day of admission, the first day after admissi-
on and on the eight day after admission. Inclusion 
criteria involved patients with acute myocardial in-
farction, or the first reinfarction. Exclusion criteria 
involved heart failure on III or IV class according 
to NYHA (New York Heart Association) (17), or 
other causes of NT pro-BNP elevation, if the le-
vel was up to three times above normal (more than 
360 pg/ml) before myocardial infarction.  
Statistical analyses included variance for repea-
ted measurement (ANOVA), factorial multivaria-
te analysis and test of multiple correlations. 

RESuLTS

Patients treated for myocardial infarction in ICU 
during the period of one year, admitted to hospi-
tal in the period between 01. 01. 2008 and 31.12. 
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2008 were analyzed. All 67 patients were treated. 
The average age was 61.2 (SD 14.53) years. Forty 
patients (61%) were males, and 27 (39%) were  fe-
males.  Males were younger (average age of 60.02 
years) than women (average age 64.14) at the time 
of admission. The commonest age on admission 
was 51-70 years. Most patients were smokers (38 
smokers versus 29 non smokers/ never smokers). 
Most of the smokers used cigarettes during a long 
period of time, and many of them were heavy 
smokers having more than 30 cigarettes a day.  
The localization of myocardial infarction was as 
follows: anterior wall 7 (10.45 %), anteroseptal 
10 (14.92 %), widespread size-anterior 10 (14.92 
%), diaphragmal wall 33 (49%),  anterolateral 3 
(4.48 %) and  posterolateral 4 (5.97%) cases.  
The statistical method of multiple correlations 
showed a statistically significant correlation of 
age, diastolic blood pressure and larger zone of 
myocardial infarction with the increase of NT pro-
BNP concentration at the level of p<0.05 for any. 
Blood pressure was measured on admission and 
at least 6 times a day, sometimes event more 
often, depending on the general patient’s status 
(Table 1). 

Mean level of NT pro-BNP on admission was 
389.5 pg/mL (SD 620.79) (normal value 70-125 
pg/mL for person not older than 70 years). One 
day after admission the average level of NT pro-
BNP was 1371.12 pg/mL (SD 1158.9), on the ei-
ghth day after admission the mean value of NT 
pro-BNP was 786 pg/mL (SD 868.08) (Table 3). 

Value (SD)
Blood pressure 
(mmHg) All cases Males Females 

TAS 1 140.44 (14.53) 130.98 (22.61) 155.38 (35.11)
TAS MAX 153.51 (30.77) 145.24 (20.95) 166.54 (29.08)
TAS MIN 105.97 (26.74) 107.80 (13.88) 103.08 (31.96)
TAD 1 85.82 (22.97) 83.41 (15.59) 89.61 (18.50)
TAD MAX 93.13 (17.18) 90.24 (11.10) 97.69 (12.50)
TAD MIN 65.00 (12.30) 65.24 (9.97) 64.61 (19.85)

Table 1. Blood pressure according to gender

SD, standard deviation; TAS1, systolioc blood pressure on admissio; 
TAS MAX, maximal systolic pressure; TAS MIN, minimal sistolic 
pressure; TAD1, dyastilic pressure on admission; TAD MAX, maxi-
mal diastolic pressure; TAD MIN, minimal dyastolic pressure

Value (SD)
Parameter All cases (SD) Males Females
Hb (g/L) 137.7 (17.47) 142.56 (16.09) 127.75 (16.28)
Htc (%) 38.90 (4.56) 39.95 (4.26) 37.17 (4.41)
MCV (fL) 86.44 (5.55) 87.36 (4.14) 84.96 (6.84)
Tr (x106/L) 237.87 (61.32) 226.49 (64.61) 257.17 (47.96)
Glucose on admi-
ssion (mmol/L) 10.27 (5.63) 8.93 (4.50) 12.33 (6.40)

Glucose  max. 
(mmol/L) 14.45 (6.61) 12.31 (6.00) 16.73 (6.23)

Glucose  MIN 
(mmol/L) 6.92 (2.67) 6.99 (2.10) 6.86 (3.08)

Cholesterol total 
(mmol/L) 5.68 (1.27) 5.50 (0.90) 6.00 (1.67)

Cholesterol HDL 
(mmol/L) 0.99 (0.27) 0.95 (0.24) 1.07 (0.29)

Cholesterol LDL 
(mmol/L) 3.66 (1.21) 3.60 (1.22) 3.78 (1.12)

Triglicerids 
(mmol/L) 1.94 (1.48) 1.85 (1.28) 2.08 (1.72)

Acidum uricum 
(mmol/L) 356.65 (102.67) 376.44 (100.14) 312.12 (86.68)

HbA1c (%) 7.79 (2.47) 7.17 (1.76) 8.82 (2.96)

Table 2. hematologic and biochemical analyzes

Hb, hemoglobin concentration; Htc, hematocrit; MCV, medium cell 
volume; MAX, maximal, MIN, minimal; SD, standard deviation;  
HbA1c, glycosylated hemoglobin; 

NT pro-BNP (pg/mL) (SD)
Hospitalization time All cases Males SD Females SD

On day of admission 389.50
(620.79)

471.41
(750.46)

273.10
(298.93)

One day after admission 1371.12
(1158.91)

1391.27
(1267.87)

1337.23
(914.03)

Eight days after admission 786.38
(860.08)

892.22
(960.16)

612.50
(582.20)

Table 3. Changes of N-terminal precursor of brain natriuretic 
peptide (NT pro-BNP) during hospitalization

SD, standard deviation

Parameters of myocardial damage were followed 
up by analyses of CK, CK-MB, and LDH acti-
vities, and by measurement of NT pro-BNP.  On 
first day after admission mean activity of CK was 
776.61 IU/mL (SD 1118.20).  Mean level of CK-
MB on admission was 28.58 IU/mL. SD 30.50 
(normal level less than 16 IU/mL). One day after 
admission the average level of activity of CK-
MB  was 77 IU/mL (SD 99.04). The average ac-
tivity of LDH on admission was 620.44 IU/mL 
(SD 569.57). One day after admission the avera-
ge level of activity of LDH was 1005.05 IU/mL 
(SD 883.23) (Table 2). 

Multivariate analysis performed the stratification 
of importance for an increase of NT pro-BNP of 
these parameters. All the parameters were anal-
yzed by multivariate analysis. This stratification 
was as follows: age, maximal measured diastolic 
pressure, and diastolic pressure on admission, 
CK on admission, hemoglobin level, gender, tri-
glycerides, maximal measured glucose level, and 
localization of myocardial infarction (including 
size of damaged area, high-spread infarction of 
anterior wall was the most important), choleste-
rol level and thrombocytes.

Mujarić et al. NT pro-BNP in myocardial infarction
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The activity of CK one day after admission was hi-
gher than that of the day of admission at the stati-
stical significance level of p=0.02. The difference 
of the level of activity of CK-MB on the day after 
admission in comparison with the admission day 
was statistically significant, at the level p=0.016.  
NT pro-BNP level was higher on the first day after 
admission, in comparison with that on admission 
at the significance level (p=0.0049). 

DISCuSSION

Results of analyses of parameters of patients with 
myocardial infarction showed that the average 
age and gender structure were similar with those 
reported in recent literature (18). It is necessary 
to note that males were more vulnerable for myo-
cardial infarction than females. But in analyses 
of the followed parameters known as risk factors 
for myocardial infarction, there was no complete 
correlation according to the gender. Regulation 
of glycemia was better in males (percentage of 
HbA1c, maximal glucose level). Average chole-
sterol level was higher in female than in male pa-
tients. Only risky behavior of cigarette smoking 
was predominant in males, so it could be conclu-
ded that the risk of smoking, which was noted in 
males, was much more important than any others.  
During the follow up of NT pro-BNP concentration 
changes in this study a substantial increase was fo-
und the next day after admission comparing to the 
day of admission, and a decrease on 8th day after 
admission in  almost all patients except those with 
any degree of heart failure. It was noted that the 
increase of NT pro-BNP concentration was higher 
in patients with larger size of myocardium wall 
damaged by myocardial infarction. The increase 
of NT pro-BNP concentration was correlated with 
age, what was described in recent literature (19). 
The most important predictor for the increase of 
NT pro-BNP in this study was diastolic blood 
pressure even on admission, and maximal measu-
red diastolic blood pressure during the entire pe-
riod of hospitalization. A possible explanation is 

a higher stress of end-diastolic pressure on myo-
cardial wall in high diastolic pressure (20). It is 
known that natural stimulation of release of any 
cardiac natriuretic peptides, like NT pro-BNP, is 
distension of myocardial wall (21-23). 
Myocardial infarction described as “anterior hi-
gh-spread” had a larger size of damaged myocar-
dium than any other localization. The increase of 
concentration of NT pro-NBP was in a very close 
correlation with that localization of infarction, as 
may be concluded in this analysis.  Repercussion 
on heart strength to eject blood in bloodstream 
during systolic period occurred only in situations 
when a larger part of myocardium was damaged. 
Therefore, patients with a higher degree of incre-
ase of NT pro-BNP were at higher risk to develop 
heart failure than others (24,25). 
The change of NT pro-BNP concentration was 
shown in the early phase of myocardial infarcti-
on. It was pointed out that the substantial increase 
of NT pro-BNP was one day after admission, in 
comparison with those on admission, and slowed 
down on eight day after admission. A higher in-
crease of NT pro-BNP was shown in patients with 
larger size of damaged myocardium, and in pati-
ents with higher diastolic blood pressure. Patients 
prone to developing higher level of NT pro-BNP 
were more likely to develop heart failure, what we 
took in consideration when making decisions on 
early diuretic treatment of these patients. 
In conclusion, recognition of early increase of 
NT pro-BNT in acute myocardial infarction co-
uld be used for decision making on modalities of 
early treatment of myocardial infarction, the tre-
atment of heart failure,  clinical course of myo-
cardial infarction.  
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Promjene koncentracije natriuretskih peptida u ranoj fazi akut-
nog infarkta miokarda
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SAŽETAK 

Cilj rada  Analizirati značaj promjene koncentracije natriuretskih peptida (u radu NT pro-BNP), uzro-
kovane distenzijom miokarda, kao ranih prediktora kardijalne dekompenzacije kod akutnog infarkta 
miokarda.  

Metode  U radu su analizirani klinički i laboratorijski parametri kod bolesnika s infarktom miokarda. 
Uz standardne laboratorijske analize, određivana je koncentracija NT pro-BNP i to na dan prijema, te 
drugi i osmi dan hospitalizacije. Statististička je obrada rađena testom analize varijance za ponavljana 
mjerenja (ANOVA), faktorijalnom multivarijantnom analizom i testom multiple korelacije. 

Rezultati  Stratifikacija značaja prediktora za rano srčano popuštanje pokazala je sljedeći redoslijed: 
godine starosti, dijastolni krvni tlak, CK kod prijema, širina zone infarkta itd. Metoda multiple korela-
cije pokazala je statistički značajnu povezanost ovih parametara s porastom NT pro-BNP. Aktivnost CK 
bila je veća dan poslije nego na dan prijema, uz statističku značajnost (p=0,02), dok je CK-MB također 
imao veću aktivnost drugi dan nego na dan prijema (p=0,016). Nađen je statistički značajan porast kon-
centracije NT pro-BNT na dan nakon prijema u odnosu na vrijednost kod prijema (p=0,00049), s tim da 
je nivo NT pro-BNP značajno padao nakon osmog dana liječenja.

Zaključak  Značajno povišenje razine NT pro-BNP, u toku infarkta miokarda, predstavlja značajan 
prediktor ranog srčanog popuštanja, pa bi se, u slučaju vrlo značajnog porasta NT pro-BNP u ranoj fazi 
infarkta, trebala uključiti terapija koja će preduprijediti klinički relevantno srčano popuštanje. 

Ključne riječi  ishemijska bolest srca, infarkt, NT pro-BNP, srčano popuštanje
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ABSTRACT

Aim The glycogen phosphorylase isoenzyme BB (GPBB), as an 
ischemic marker, has not yet been investigated after elective per-
cutaneous coronary intervention (PCI). ose aim of the study was 
to monitor GPBB, creatine kinase myocardial isoform (CK-MB) 
mass) and troponin I (TnI) value after PCI in correlation with is-
chemic incidents.

Methods Forty-two consecutive patients undergoing elective PCI 
were included in the study. Baseline blood samples and two more 
after the PCI (3 and 24 hours) were taken. The significance of car-
diac markers in twenty-ththe stable patients with baseline values 
of CK-MB mass and TnI below the upper reference limit (URL) 
was evaluated based on ischemic incidents after PCI. 

Results TnI value was the only biomarker that was statistically 
significant at 3 and 24 hours after PCI in group of 23 stable pati-
ents. An overall comparisonthe biomarkers of 18 patients witho-
ut and five patients with ischemic incidents displayed significant 
differences only for the baseline GPBB (p=0.019) and CK-MB 
mass 24 hours after PCI (p=0.034). Ischemic incidents were in-
dependently predictable only based on overall CK-MB mass me-
asurements (OR=1.680, p=0.041) and particularly GPBB at base-
line (OR=1.899, p=0.008) and CK-MB mass 24 hours after PCI 
(OR=2.111, p=0.022). 

Conclusions Only significant increases in TnI were observed after 
elective PCI with ischemic incidents predicted using GPBB and 
CK-MB mass measurements.

Key words: biomarkers, cardiac intervention, ischemia
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INTRODuCTION

Elevations of creatine kinase myocardial isoform 
(CK-MB mass) and cardiac troponins are relati-
vely common after successful percutaneous coro-
nary intervention (PCI). Some studies have docu-
mented that markedly elevated levels of troponin 
are prognostically significant (1,2). The European 
Society of Cardiology and American College of 
Cardiology guidelines recognize an elevation of 
cardiac troponin within 24 hours of a PCI procedu-
re in the definition of myocardial infarction (3,4). 
Myocardial damage is mainly related to distal ve-
ssel thrombosis, embolization of plaque debris and 
platelet aggregates, and side-branch occlusion. In-
hibition of platelet aggregation by glycoprotein 
(GP) IIb/IIIa receptor agonists or thienopyridines 
significantly reduces periprocedural myocardial 
injury and cardiac events. A diagnostic tool able to 
detect early periprocedural myocardial ischemia 
could be of value in guiding management decisi-
ons and improving outcomes (5,6).
Glycogen phosphorylase isoenzyme BB (GPBB) 
is bound to glycogen in the sarcoplasmic reticu-
lum and catalyses the first step of glycogenolysis 
after activation, which involves the separation of 
glucose-1-phosphate from glycogen (7). Three 
GP isoforms are present in human tissues, GPLL 
in liver, GPMM in muscles and GPBB in the 
brain, as well as in high concentrations in heart 
muscle (7). During myocardial ischemia, activa-
tion of GPBB results in an increase in glycogen 
degradation (8). Glycogen phosphorylase isoen-
zyme is released into bloodstream via the T-tubu-
les system with the peak value within the first 4 
hours after the onset of chest-pain. GPBB seems 
also to indicate necrotic cell injury (7,8).
This is the first publication to prospectively study 
the incdences of GPBB as an ischemic marker 
after elective PCI. 

PATIENTS AND MES

In tThis pilotit was prospectively evaluated 42 
consecutive patients undergoing elective PCI from 
June 2009 to September 2009 in catheterisation 
laboratory of the University Medical Centre Lju-
bljan. An Aapproval was obtained from the Nati-
onal Ethics Committee as we as a written infor-
med consents from all the patients. The patients 
undergoing emergency PCI after acute myocardial 

injury (AMI), unstable patients, patients with re-
cent CABG (<1 month), ventricular conduction di-
sturbances on the standard ECG and patients with 
uncontrolled hypertension, acute heart, renal and 
hepatic failure or neurological disorder, and pati-
ents with elevated baseline biomarker levels (CK-
MB, TnI) were excluded, resulting in 23 patients 
considered “stable” patients without previous myo-
cardial damage for the final evaluation (Table 1).

Parameter Patients (n=23)
Age, mean±SD (y) 70.4±9.2
Male sex, n (%) 20 (87.0)
Hypertension, n (%) 18 (78.3)
Current smoker, n (%) 3 (13.0)
Dyslipidemia, n (%) 14 (60.9)
Diabetes, n (%) 7 (30.4)
Angina pectoris (stable), n (%) 14 (60.9)
Pre-myocardial infarction, n (%) 5 (21.7)
Pre-cerebrovascular insult n (%) 1 (4.3)
Single-vessel disease, n (%) 19 (82.6)
Multiple-vessel disease, n (%) 4 (17.4)
Use of GPIIb/IIIa inhibitors, n (%) 2 (8.7)
Statin therapy before PCI, n (%) 18 (78.3)
S-CRP (mg/L), median (1Q-3Q)* 2 (2−3)
S-Creatinine (µmol/L), median (1Q-3Q) 92 (82−109)

Table 1. Demographic and clinical data of the selected patient 
population

*significant difference (p<0.05)

Blood samples for GPBB, TnI and CK-MB se-
rum were taken at baseline and twice after PCI 
(3 and 24 hours). A GPBB assay was performed 
using the commercially available ELISA kit (Di-
acordon, Diagenics, Woburn, MA, USA; instru-
ment Personal Lab™, Adaltis, Italy). TnI (TnI-
Ultra) and CK-MB mass measurements were 
performed as standard methods using chemilu-
minescence immunoassay technology (Advia 
Centaur XP, Siemens Diagnostics, Germany). All 
samples were measured in one batch.
Accor to the specifications of the manufacturer, 
the TnI-Ultra assay has a limit of detection of  
0.006 μg/L with measurements ranging up to 50 
μg/L. The evaluation of the assay showed a total 
CV of 9.6% at 0.033 μg/L and a 99 percentile of 
0.04 μg/L (9). A cut-off level of 0.10 μg/L TnI-
Ultra was used at the University Medical Centre 
Ljubljana based on clinical/laboratory data. The 
CK-MB assay has a limit of detection of 0.18 
μg/L with measurements ranging up to 300 μg/L, 
total % CV < 4.4 for 4 different controls ranging 
from 3.55 to 114.65 μg/L with the reference va-
lue set at 5.0 μg/L according to a 95 percentile 
of the “healthy” population and declaration of 
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the manufacturer. The GPBB assay has a lower 
level of detection 0.5 AU with the total % CV < 
10.3 for 10 different samples, ranging from 5.8 
to 108.7 μg/L and the reference value set at 10.0 
μg/L according to a 95 percentile of the “healthy” 
population and declaration of the manufacturer.
Percutaneous coronary intervention (balloon 
angioplasty, stent implantation) was performed 
according to standard clinical practice using the 
femoral approach. Standard 12-lead ECGs were 
recorded before and at the end of PCI and then in 
the 24-hour period after PCI. The appearance of 
new Q wave, T-wave inversion, or ST-segment 
shifts from the baseline ECG was considered. 
Adverse events included death, nonfatal MI, or a 
new coronary revascularization procedure, angi-
na pectoris and ECG changes.
Nonparametric statistics were used with compa-
rison and correlation between markers of ove-
rall results assessed using the Wilcoxon test and 
Spearman’s coefficient of rank correlation. The 
Mann-Whitney independent test was performed to 
compare patients with and without ischemic inci-
dents. Binary logistic regression and ROC curve 
analysis were performed to determine diagnostic 
accuracy and which biomarker predicted ischemic 
incidents. Odds ratios (OD), the receiver-opera-
ting curve (ROC) and area under the curve (AUC) 
with 95% confidence intervals were also calcula-
ted. All tests of significance were 2-tailed with a 
probability value of <0.05 considered significant.

RESuLTS 

A significant portion of the 42 patients enrolled 
in the pilot study of elective PCI had myocardi-
al marker values above the upper reference limit 
(URL). A total of 23 patients that had normal ba-
seline TnI and CK-MB values were considered 
as “stable” without previous myocardial damage 
(Table 1, 2). In these stable patients, myocardial 

markers were increased after the PCI, with only 
TnI significantly increasing between 3 and 24 
hours and GPBB nearly significantly (p=0.057) 
within 3 hours following PCI (Table 3).

Parameter Patients (n=23)
Vessel treated, n 26
Left anterior descending, n (%) 13 (50.0)
Left circumflex, n (%) 4 (15.4)
Right coronary artery 6 (23.1)
No. of stents 27
Stent length, mean±SD (mm) 38.2±17.4
Stent diameter, mean±SD (mm) 3.43±0.46
Balloon inflation time, mean±SD (s) 47±22
Ischemic incidents after PCI, n (%): 5 (21.7)
Angina pectoris, n (%) 3 (13.0)
ECG changes (T wave inversion), n (%) 2 (8.7)

Table 2. Angiographic data of the selected patient population

Parameter (μg/L) Baseline 3 hours 24 hours
GPBB
Median
1Q-3Q

6.70
4.90–8.55

8.90†
5.025–27.35

5.00†
3.50–12.50

CK-MB mass 
Median
1Q-3Q

1.30
1.00–1.80

1.35†
1.00–1.70

1.20†
0.95–2.075

Troponin I 
Median
1Q-3Q 

0.017
0.014–0.032

0.036*
0.025–0.068

0.055*
0.026–0.158

Table 3. Comparison of GPBB, CK-MB mass and troponin I 
of 23 stable patients (normal baseline values of CK-MB and 
TnI) at baseline and twice after elective PCI (3 and 24 hours) 
using the Wilcoxon test

GPBB, glycogen phosphorylase isoenzyme BB; CK-MB mass, crea-
tine kinase myocardial isoform; 1Q-3Q, Interquartile range; 
*significant difference (p<0.05); †non-significant difference

Parameter (μg/L) NOISCH patients ISCH patients p
GPBB baseline
Median
1Q-3Q

6.00
4.60–7.80

8.60
7.925–11.05

0.019

GPBB – 3 hours
Median
1Q-3Q

7.25
5.00–33.70

14.50
5.175–25.70

0.823

GPBB – 24 hours
Median
1Q-3Q

6.00
2.875–18.55

5.10
4.40–11.425

0.667

CK-MB mass – baseline 
Median
1Q-3Q

1.25
0.70–1.80

1.10
0.925–1.65

0.970

CK-MB mass – 3 hours 
Median
1Q-3Q

1.00
0.50–1.80

1.40
0.925–1.625

0.682

CK-MB mass–24 hours
Median
1Q-3Q

1.00
0.575–1.425

1.80
1.525–5.05

0.034

Troponin I – baseline 
Median
1Q-3Q

0.017
0.014–0.044

0.025
0.010–0.0515

0.882

Troponin I – 3 hours 
Median
1Q-3Q

0.033
0.0247–0.0852

0.058
0.038–0.0747

0.457

Troponin I – 24 hours 
Median
1Q-3Q

0.063
0.027–0.124

0.193
0.04575–0.9518

0.205

Table 4. Comparison of GPBB, CK-MB mass and troponin 
I at baseline and 3 and 24 hours after elective PCI in non-
ischemic (18 patients) and ischemic group (5 patients) using 
the Mann-Whitney test

NOISCH, nonischemic; ISCH, ischemic; GPBB, glycogen phosp-
horylase isoenzyme BB; CK-MB mass, creatine kinase myocardial 
isoform; 1Q-3Q, Interquartile range

Rank correlation (r) between pairs of myocardial 
rs were displayed a poor correlation at baseline 
and twice after elective PCI (3 and 24 hours). 
Significant correlation was obtained only for 
CK-MB as opposed to TnI 24 hours after PCI 
(r=0.515, p=0.020).

Skitek et al. Biomarkers and monitoring of cardiac patients
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The group of 23 stable patients was separated 
according to ischemic incidents. An overall com-
parison of the biomarkers of five patients with and 
18 patients without ischemic incidents only dis-
played significant differences for baseline GPBB 
and CK-MB mass 24 hours after PCI (Table 4, Fi-
gure 1). Ischemic incidents could only be predic-
ted independently and significantly based on the 
overall measurements (baseline, 3 and 24 hours 
after PCI) of CK-MB mass and particularly GPBB 
at baseline (odds ratio/95%CI:1.899/0.941–3.834, 
p=0.008) and CK-MB mass 24 hours after PCI 
(odds ratio/95%CI:2.111/0.951–4.682, p=0.022) 
(Table 5). Sensitivity and specificity for GPBB at 
baseline were 100% and 66.7% respectively with 
a cut-off of ≥6.7 μg/L that is below the reference 
value set at 10.0 μg/L according to a 95 percentile 
of the “healthy” population and declaration of the 
manufacturer.

DISCuSSION 

In the presenttstudied the incidence of glycogen 
phosphorylase isoenzyme BB (GPBB) as an is-
chemic marker with an early release from the 
injured myocardium was prospectively studied. 
It was hypothesized that a substantial GPBB in-
crease occurred after elective PCI in comparison 
to CK-MB mass and troponin I and that ischemic 
incidents may be predicted by the elevation of 
GPBB. In this prospective study the group of 23 
stable patients was separated according to ische-
mic incidents during PCI. An overall comparison 
of the biomarkers of five patients with and 18 pa-
tients without ischemic innts was displayed only 
significant differences for baseline GPBB and 
CK-MB mass 24 hours after PCI, and ischemic 
incidents could only be predicted independently 
and significantly based on the overall measure-
ments of CK-MB mass and particularly GPBB 
at baseline. Elevated GPBB at baseline implies 
existing ongoing silent myocardial ischemia or 
possibly, a remote silent cardiac event.  
Percutaneous coronary intervention (PCI) has be-
come an important procedure in coronary revas-
cularization (10). Over the past two decades, te-
chnical advances in PCI have resulted in a safer 
therapeutic procedure, however, periprocedural 
infarction (myocardial infarction type 4a) occurs 
following at least 10% of PCI procedures (10). 
About 30% of patients undergoing elective PCI su-
stain myocardial injury due to the procedure itself, 
the extent of which has an impact on prognostic 
importance (10, 11). The measurement of biomar-
kers to allow assessment of periprocedural myo-
cardial injury (PMI) is an important tool for cli-
nical and research purposes and should be routine 
after every PCI (12). In spite of improved early tre-
atment with mechanical revascularization and sta-
bilizing drugs that significantly reduce mortality, 

Parameter Baseline 3 hours 24 hours All measurements

GPBB
OR; p (95%CI) 
ROC (AUC)
(95%CI)

1.899; 0.008
(0.941–3.834)

0.850
(0.640–0.963)

0.987; 0.571
(0.938–1.038)

0.533
(0.316–0.742)

0.971; 0.378
(0.897–1.050)

0.565
(0.339–0.772)

0.988; 0.499
(0.951–1.025)

0.606
(0.480–0.722)

CK-MB mass 
OR; p (95%CI) 
ROC (AUC)
(95%CI)

0.950; 0.949
(0.192–4.691)

0.506
(0.292–0.718)

1.255; 0.760
(0.2914–5.4065)

0.561
(0.341–0.765)

2.111; 0.022
(0.951–4.682)

0.818
(0.597–0.948)

1.680; 0.041
(0.971–2.908)

0.640
(0.514–0.753)

Table 5. Logistic regression analysis and ROC curve analysis to predict ischemic incidents after PCI by the release/increase of 
myocardial markers CK-MB mass and GPBB

GPBB, glycogen phosphorylase isoenzyme BB; CK-MB mass, creatine kinase myocardial isoform; OR, odds ratio; CI-confidence interval; ROC, 
receiver-operating curve; AUC, area under the curve; significant differences shown in bold

Figure 1. Comparison of the myocardial marker GPBB of 18 
patients without and 5 patients with ischemic incidents at 
baseline (1), at 3 (2) and at 24 hours (3) after elective PCI us-
ing the Box-and-Whisker graph. Median, interquartile ranges 
and minimum/maximum values are shown (only significant 
differences are indicated)
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many patients are still plagued by a high frequen-
cy of angina symptoms, hospitalisations and poor 
prognoses (12). The need for new independent or 
supplementary biomarkers exists that can help pre-
dict cardiovascular disease and complications ear-
lier and more precisely (13,14). The identification 
of patients at greater risk of sustaining PMI during 
PCI would allow targeted treatment using novel 
therapies, which would limit the extent of PMI and 
reduce the number of incidents (11). 
The glycogen phosphorylase isoenzyme BB 
(GPBB) is an ischemic marker with an early re-
lease from the injured myocardium, which has 
only been investigated in acute coronary syndro-
mes and in patients with miscellaneous diseases or 
those undergoing different kinds of surgery (8,13). 
The study indicated that TnI and CK-MB do not 
provide comparable information after PCI. TnI is 
more sensitive and agreement between these two 
myocardial markers regarding myocardial injury 
or infarction is difficult to achieve (15,16). This 
led to the evaluation of GPBB in comparison to 
TnI and CKMB to identify patients at greater risk 
of periprocedural myocardial injury after PCI. 
Early detection of periprocedural myocardial is-
chemia could be of value in guiding clinical deci-
sions and improving outcomes.

The key limitation of the study was the small 
study group. The monitoring of biomarkers sho-
uld also be more frequently performed after PCI 
to obtain peak concentrations while the effects on 
long-term clinical outcome should be followed 
up. Assessment should also be made using car-
diovascular magnetic resonance, a technique that 
allows the detection and quantification of myo-
cardial necrosis following PCI (10,12). 
In conclusion, the prediction of ischemic events 
after PCI is only possible using the GPBB and CK-
MB mass measurements. Biomarker measurements 
allowing assessment of periprocedural ischemic 
injury is an important tool for clinical and research 
purposes. The exact mechanisms of GPBB release 
with prognostic and functional significance of pe-
riprocedural ischemic incidents has yet to been de-
termined in larger follow-up studies. Future studies 
involving larger multi-site trials are warranted, as 
well as evaluation of alternative molecular biomar-
kers in the early stage following PCI.
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ABSTRACT

Aim To examine risk factors for the development of primary ar-
terial hypertension which is a significant health and public health 
problem throughout the world. 

Methods This anamnestic study, conducted at the Primary Health 
Centre “Stari Grad” in Belgrade during 2006, included 63 new 
cases of arterial hypertension and 63 subjects who formed the con-
trol group. Patients and control group were individually matched 
to each other by sex, age (+/- 3 years) and place of residence. The 
survey instrument was a questionnaire based on socio-demograp-
hic characteristics of respondents (gender, age, residence, educa-
tion level, occupation, marital status, socio-economic status) and 
habits (smoking, alcohol consumption, physical activity). Data 
analysis was performed by applying descriptive statistics (relative 
numbers) and inferential statistics (χ2 test). 

Results There were significant differences in the level of educati-
on (p = 0,012) and current smoking status (p=0.017) between the 
group of patients with arterial hypertension and the control group. 
The subjects in the control group showed significantly longer con-
sumption of schnapps (p=0.033) and beer (p=0.040) (more than 
20 years). There was a significant difference in excessive body 
weight, and obesity measured by body mass index (p=0.006) and 
waist circumference (p=0.014) between these groups of patients. 

Conclusion Risk factors associated with arterial hypertension 
were low education, long smoking period, excessive body wei-
ght and obesity. These results indicate the necessity of introducing 
programs which should be imperative in future prevention of arte-
rial hypertension.

Key words: smoking, alcohol consumption, obesity, physical ac-
tivity
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INTRODuCTION

Premature mortality and disability caused by cardi-
ovascular diseases are recognized by the European 
Society of Hypertension as a significant socio-eco-
nomic burden for every country (1). In Serbia, mor-
tality rate showed that more than half of all death 
cases were associated with cardiovascular diseases 
during the last 10 years (2). Arterial hypertension 
(AH) is a significant health and public health pro-
blem in the world and in Serbia primarily because 
of its high prevalence and risk for developing cardi-
ovascular and cerebrovascular diseases, renal insu-
fficiency and peripheral blood vessel disease (3-5). 
The study of Global Burden of Disease conduc-
ted in 2006 showed that in the world the hyper-
tension prevalence in 2000 was about 26% for 
both genders, and that about two thirds of patients 
with AH lived in developed countries (6). There 
is an estimate that the prevalence of hypertension 
in 2025 will reach 29% with equal representation 
of both sexes (7,8).
Prevalence of AH varies between countries. In 
2002 it was much higher in Europe (44.2%) than in 
North America (27.6%) (9,10). Among European 
countries the highest prevalence was noted in Ger-
many (55%) and the lowest in Italy (38%) (9-11). 
Until 2009 these evaluations have not been signi-
ficantly changed (24.8%) while in Europe, espe-
cially in Germany a significant decrease to 41.1% 
was noted (12,13). Health survey of the Serbian 
population found that in 2000 prevalence of hyper-
tension and potential hypertension in adults was 
44.5%, while in 2006 it increased (46.5%) (12).
Hypertension is often associated with risk factors 
for the development of cardiovascular diseases. 
Level of blood pressure shows positive corre-
lation between risk factors and cardiovascular 
diseases (2,4,14). Hypertension is readily detec-
table and generally easy to treat (15). It is assu-
med that the number of  hypertensive persons is 
much higher than the number of detected cases. 
Detected cases are only “the top of an iceberg”. A 
significant percentage of the population remains 
undiagnosed and without proper therapy because 
of lack of symptoms. Prompt diagnosis and trea-
tment are essential for preventing complications 
and possible lethal consequences (4,15).
According to the World Health Organization, risk 
factors are classified in two groups: individual 

and environmental. Individual factors are divi-
ded to general factors (age, gender, level of edu-
cation, genetics), life style (smoking, inadequate 
diets, alcohol consumption, physical inactivity) 
and biological or intermediary factors (obesi-
ty and hypercholesterolemia). The other group 
comprises socio-economic status, cultural, envi-
ronmental and urban aspect (16).
Accurate estimation of the worldwide prevalence 
of hypertension is an essential database for rati-
onal and timely planning of health services. The 
burden of hypertension at global and national le-
vel provides public health makers to determine the 
priorities and make decisions about activities in 
hypertension prevention and early detection. This 
would lead to reduction of treatment expenses (7).
The preparation of national guidelines and natio-
nal strategies is an important part of hypertension 
prevention plan worldwide as well as in Serbia. 
The Government of the Republic of Serbia and 
the Ministry of Health adopted a variety of stra-
tegic documents, national programs and national 
guidelines for good clinical practice, which refers 
to prevention and control of chronic non-commu-
nicable diseases including arterial hypertension 
(5,17). Previous research in Serbia considered 
arterial hypertension as a risk factor for the de-
velopment of cardiovascular diseases (2). Howe-
ver, there was no research about risk factors for 
developing arterial hypertension and this study 
was carried out in order to keep up to date with 
current research (3,5, 9-11,16). 
The objective of this study was to investigate risk 
factors for the development of arterial hypertension.

METhODS

The research was anamnestic study which inclu-
ded 123 adults older than 30 years of age. Res-
pondents were divided in two groups: first group 
included 63 new cases of primary arterial hyper-
tension while the control group included 63 adults 
suffering from acute respiratory illness and minor 
injuries where arterial hypertension was excluded. 
In order to diagnose arterial hypertension the cri-
teria required that Systolic Arterial Pressure (SAP) 
was equal or higher than 140 mmHg and/or Dia-
stolic Arterial Pressure (DAP) was equal or higher 
than 90 mmHg. Arterial pressure was measured 
according to the National Guidelines for Physici-
ans in Primary Health Care – Arterial Hypertensi-
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on (5). Patients and the control group were indi-
vidually matched to each other by sex, age (+/- 3 
years) and residence (Belgrade). All patients were 
treated in the Primary Health Centre “Stari grad“ 
in Belgrade during 2006.
A questionnaire designed in accordance with those 
used in similar researches was a survey instrument. 
It was based on socio-demographic characteristic 
of respondents (gender, age, residence, educatio-
nal level, occupation, marital status, socio-econo-
mic status), habits (smoking, alcohol consump-
tion, physical activities), individual and family 
anamnesis. Data referring to demographic charac-
teristics, habits and weight (overweight, obesity) 
were  presented in this study. Before completing 
the questionnaire all respondents were informed 
about the research and gave informed consents to 
participate. Serbian Government passed the Law 
on Personal Data Protection in 2008 (18), so at the 
time of conducting the research, an approval of the 
Ethics Committee at the Primary Health Centre 
“Stari grad“ was not necessary because the rese-
arch was not an intervention/experimental study. 
The director of the Primary Health Centre “Stari 
grad“ gave the verbal consent. 
Questions referring to habits analyzed smokers’ 
status (current smokers, former smokers or non-
smokers). Current smokers and former smokers 
were asked if they smoked more than 15 ciga-
rettes for a period longer than 20 years. Questions 
related to exposure to passive smoking were ad-
dressed only to former smokers and nonsmokers. 
Questions related to the habit of consuming alco-
hol referred to as ”yes” or ”no”, kind of alcoholic 
drinks (schnapps, beer, brandy or wine), quantity 
of alcohol consumed during one week (more or 
less than three small glasses of schnapps, five gla-
sses of beer, two glasses of wine and three small 
glasses of brandy) and  length of consuming speci-
fic alcoholic drinks (longer or less than 20 years).
Excessive body weight and obesity were diagno-
sed if Body Mass Index  (BMI) was equal or hi-
gher than 25 kg/m2 (19). The category of overwe-
ight respondents was estimated not only by BMI 
but also by Waist Circumference (WC). According 
to the referent values of the National Guidelines 
for Physicians in the Primary Healthcare Centers 
– overweight, excessive body weight and obesity 
are defined by WC measuring more than 80 cm for 
women and 94 cm for men (19,20).

Doing physical activity implies a minimum of 150 
minutes of moderate physical activity or 75 minu-
tes intensively or equivalent combination of both 
(20,21). Moderate physical activities are fast wal-
king, water aerobics, riding a bicycle on a plane 
terrain or lawn mowing. Intensive physical activi-
ties are jogging, running, swimming, fast bicycle 
riding and/or riding on a rough terrain, playing ba-
sketball or doing some other sport (20,21).
Data analysis was performed by the method of 
descriptive statistics (relative numbers), and 
inferential statistics (χ2 test). Significance was 
accepted at p<0.05. 

RESuLTS

The two groups were not significantly different 
relating to gender, age, occupation, marital and 
socio-economic status (demographic characte-
ristics). Individuals suffering from AH were si-
gnificantly more often with a low level of educa-
tion comparing to the control group (57.1% vs. 
34.9%, p=0.012) (Table 1).

Number (%) of patients
Socio-demographic 
characteristics

With arterial 
hypertension (%)

Control 
group (%)

p

Gender
Males 31 (49.2) 31 (49.2) 1.000
Females 32 (50.8) 32 (50.8)
Age (years)
<50 28 (44.4) 25 (39.7) 0.588
>50 35 (55.6) 38 (60.3)
Marital status
Married 47 (74.6) 40 (63.5) 0.177
Other 16 (25.4) 23 (36.5)
Level of education
Elementary and/or secondary 36 (57.1) 22 (34.9) 0.012
College or Faculty 27 (42.9) 41 (65.1)
Profession
Workers, housewives 21 (33.3) 15 (23.8) 0.237
Experts 42 (66.7) 48 (76.2)
Socio-economic conditions
Bad 7 (11.1) 3 (4.8) 0.187
Good 56 (88.9) 60 (95.2)

Table1. Demographic characteristics of patients with arterial 
hypertension and control group

Concerning smoking status, respondents of the con-
trol group were more often current smokers com-
paring to respondents with AH (47.6% vs. 27.0%, 
p=0.017). There was no difference between  respon-
dents with AH and current smokers of the control 
group in the length of the smoking period – longer 
than 20 years (47% vs. 30%, p=0.242) and number 
of cigarettes smoked per day – more than 15 ciga-
rettes (58.8% vs. 30.0%, p=0.437). Considering for-
mer smokers of patients with AH and control group 
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the difference was not also statistically significant 
(37.3% vs. 39.4%, p =0.403). There was no stati-
stically significant difference between the patients 
with AH and the control group related to the expo-
sure to passive smoking at home (41.3% vs. 21.2%, 
p=0.061) and at work (50.0% vs. 36.4%, p=0.229), 
although the patients were more often exposed to 
passive smoking at home and at work (Table 2).

All individuals consuming wine, drank less than 
two glasses of wine per week, and those consu-
ming brandy, drank more than three small glasses 
per week for a period longer than 20 years. (The 
data are not shown in the table.)
Based on BMI and WC it was shown that indivi-
duals with AH had excessive body weight and su-
ffered from obesity significantly more often than 
respondents from the control group (BMI: 76.2% 
vs. 52.4%, p=0.006; WC: 76.2% vs. 55.6%, 
p=0.014). However, there was no significant di-
fference between cothe ntrol group and patients 
with AH considering physical activities (52.4% 
vs. 54%, p=0.430) (Table 4).

 Number (%) of patients

Smoking habits With arterial 
hypertension (%)

Control 
group (%)

p

Active smokers 17 (27.0) 30 (47.6) 0.017
>15 cigarettes per day 10 (58.8) 21 (30.0) 0.437
>15 cigarettes per day 8 (47.0) 9 (30.0) 0.242
Ex-smokers 17 (37.0) 13 (39.4) 0.403
>15 cigarettes per day 12 (70.6) 8 (61.5) 0.603
>15 cigarettes per day 6 (35.2) 1 (7.6) 0.076
Passive smoking at home* 19 (41.3) 7 (21.2) 0.061
Passive smoking at work* 23 (50.0) 12 (36.4) 0.229

Table 2. Smoking status of patients with arterial hypertension 
and control group

*passive smoking at home and work only for noncurrent smokers (n=46 
for patients with arterial hypertension and n=33 for control group)

Number (%) of patients

Alcohol consumption With arterial 
hypertension (%)

Control 
group (%)

P

Consumption of any kind 
of alcoholic drink 33 (52.4) 27 (42.9) 0.285

Schnapps 15 (45.4) 9 (33.3) 0.765
>  3 small glasses per week 12 (80.0) 7 (77.8) 0.615
>  20 years 3 (14.0) 7 (77.8) 0.040
Beer 17 (51.5) 17 (63.0) 1.000
> 5 glasses per week 11 (64.7) 14 (82.4) 0.059
> 20 years 4 (23.5) 11 (64.7) 0.033*
Local brandy 1 (3.0) 4 (14.1) 0.361
Wine 8 (24.2) 8 (29.6) 1.000

Table 3. Alcohol consumption of patients with arterial hyper-
tension and control group

Number (%) of patients

Risk factors With arterial 
hypertension (%)

Control 
group (%)

p

Overweight and obesity (BMI) 48 (76.2) 33 (52.4) 0.006
Overweight and obesity (WC) 48 (76.2) 35 (55.6) 0.014
Physical activity 34 (54.0) 33 (52.4) 0.430

Table 4. Distribution of patients with arterial hypertension and 
control group by the level of nutrition status and physical activity

With regard to alcohol consumption in general and 
consumption of specific kinds of drinks (schnapps, 
beer, brandy, and wine), there was no statistically 
significant difference between the group with 
AH and the control group (respectively p=0.285, 
p=0.765, p=1.00, p=0.369 and p=1.00) (Table 3). 
Respondents from the control group consumed 
schnapps and beer significantly longer (more than 
20 years ) as compared to the group with AH (77% 
vs. 13%, p = 0.040 for schnapps, and 64.7% vs. 
23.5%, p = 0.033 for beer), while the difference 
in quantity (more than three small glasses of sch-
napps and five glasses of beer per week) was not 
statistically significant (77.8% vs. 80.0%, p=0.615 
for schnapps, and 63.0% vs. 51.5%, p=1.00 for 
beer). No significant difference was noted with re-
gard to the number and length of wine consumpti-
on (p=1.00) and brandy (p=0.361) between group 
with AH and control group (p > 0.05) (Table 3). 

DISCuSSION

Arterial hypertension is the most important cause 
of early cardiovascular mortality and social burden 
diseases throughout the world and in Serbia (22). 
For years AH has been the subject of research espe-
cially in industrialized countries and in the last two 
decades in the developing countries too (7).
Numerous studies examined contributing factors 
associated to AH. Although it was noticed that 
male sex is more often associated to AH, there was 
no differences between genders in our research 
(23, 24). In our study, similar to other researches, 
number of people with AH was increasing with 
age and was a little higher at age over 50 (25). Re-
searches showed that the aging, as a risk factor for 
the appearance of AH, is important after the age 
of 35 (25, 26). Before the age of 45, the percenta-
ge of males with AH is higher than the percentage 
of females.  The percentage of AH between males 
and females is similar in the age group 45 to 64, 
and later, the percentage of females with AH si-
gnificantly increases (25, 26). It is considered that 
the socio-economic conditions are best estimated 
by the level of education and employment (27). In 
our research, individuals with AH had low level of 
education significantly more often than the control 
group. Other studies showed similar results, whi-
ch is explained by unawareness of possible risk 
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factors (28-30). However, there are studies which 
showed that extremely low and extremely high le-
vel of education are equally significant risk fac-
tors for the appearance of AH (25). Higher level 
of education leads to developing AH, especially in 
cities, which is explained by the exposure to ef-
fects of environmental risk factors, behavior and 
life style (23,27).
The data about the influence of smoking on 
hypertension, heart and blood vessels diseases 
originate from the Framingham Heart Study (31). 
It showed that individuals with AH who smoked 
one pack of cigarettes per day, when they sto-
pped smoking, had 35-40% lower risk for deve-
loping coronary heart disease (32). The results of 
other studies pointed out that harmful effects of 
smoking depended on length of a smoking peri-
od and a number of cigarettes smoked per day 
(24). In this study, smoking was a risk factor for 
developing AH. Patients with AH were more of-
ten former smokers, who smoked for more than 
20 years and more than 15 cigarettes per day as 
compared to the control group. It is assumed that 
the patients with AH had had some discomfort 
before hypertension was diagnosed and they 
stopped smoking, so that it also caused a higher 
number of smokers in the control group.
A Health Survey of Serbian Population, 2006, 
showed that 33.6% of adults are smokers (12). By 
adopting the Framework Convention on Tobacco 
Control and the National Strategy on Tobacco 
Control, in the last years Serbia has directed ac-
tivities towards raising awareness of the popula-
tion about harmfulness of smoking. Serbia also 
focused activities on prevention by celebrating a 
date in the health calendar, widening network of 
preventive centers for breaking the smoking ha-
bit, conducting health education in health care and 
educational institutions (15,17). One of the su-
ccessful measures was the campaign “Leave and 
Win“ with the intention to motivate smokers to 
quit this harmful habit. The results of the campai-
gn evaluation in territory of Belgrade showed that 
among interviewed participants there were 31.7% 
of those who successfully stopped smoking and 
remained nonsmokers a year after the beginning 
of the campaign. Similar frequency was found 
among participants who did not succeed to stop 
smoking, but significantly reduced the number of 
smoked cigarettes (33). Moderate consumption of 

alcohol has protective effect on developing AH, 
however, excessive consumption increases the 
risk of AH and other cardiovascular diseases (23, 
28). A quantity of consumed alcohol is not directly 
connected to a value of AH, however, the greatest 
risk  for hypertension is connected with the daily 
consumption of alcoholic drinks (23). Similar re-
sults were obtained in this study. 
Excessive overweight and obesity are characteri-
zed as the risk factors for developing cardiovas-
cular diseases (33). Individuals with excessive 
overweight and obesity have more chances for 
developing AH. Death risk is in linear correlati-
on with BMI (33). Many studies, as well as this 
one, showed that prevalence of AH developed 
more often in individuals with excessive BMI 
(8,23,26,27,32).  Despite the  fact that the central 
overweight is in better correlation with AH, there 
is still a small number of researches dealing with 
this problem (28). Physical activity lowers the 
risk of deaths caused by cardiovascular diseases 
apart from AH and other risk factors. Physical ac-
tivity was equally represented between both gro-
ups of respondents. Moderate physical activity is 
recommended for the prevention of developing 
AH, controlling hypertension which already exi-
sts, and improving psychic health of those who 
suffer from serious mental illnesses (31-33). 
Recommended activities for successful preven-
tion of AH include regular controls of excessive 
overweight, obesity, diabetes and AH after age 30 
(27). Changing behavior first considers  quitting 
smoking, adequate physical activity, and improve-
ment of body shape and metabolic profile. Institu-
tions of primary health care reinforce preventive 
activities through the work of general practitio-
ners and preventive health care centers to identify 
and control individual risk factors and adequately 
and continuously control patients with AH (1,3).
The advantage of this study, as the first study 
about risk factors for arterial hypertension in Ser-
bia, is that it showed similar results with other 
international research and presents a basis for 
further research and prevention activities in this 
area. Besides the well-known risk factors that ca-
use AH, this study emphasizes obesity as one of 
the most important risk factors, which is consi-
stent with the fact that Serbia pays little attention 
to the prevention programs related to nutrition. A 
limitation of this study could be that some other 
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variables associated to AH like models of diet, 
type of overweight, dislipidemia, stress were not 
considered. Also, the possibility of additional ef-
fect of risk factors is another limit which could 
influence the interpretation of acquired results.
In this study the risk factors associated with the 
Arterial Hypertension include a low level of edu-
cation, smoking for longer periods of time (more 
than 20 years), excessive Body Mass Index and 
obesity. The acquired results point out the nece-
ssity for further research and conducting adequate 
preventive activities which would primarily refer 
to changes of life-style, such as quitting smoking, 
doing adequate physical activities, adequate diet 

and  reduction of excessive overweight and obe-
sity as well as efforts of health care institutions 
and partners within a community.
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Faktori rizika za nastanak arterijske hipertenzije
Sandra Sipetić Grujičić1, Zorica Terzić Supić2, Željka Nikolić2, Dragana Gredić3, Milan Bjekić4, Vesna 
Bjegović2, Isidora Ratkov1
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SAŽETAK
Cilj  Ispitati faktore rizika za nastanak primarne arterijske hipertenzije.
Metode  Anamnestička  studija, sprovedena u Domu zdravlja ”Stari Grad” u Beogradu, tokom 2006. 
godine, obuhvatila je 63 novoobolela ispitanika od arterijske hipertenzije i 63 ispitanika koji su činili 
kontrolnu grupu. Oboleli i ispitanici iz kontrolne grupe individualno su odabrani po polu, uzrastu (± 3 
godine) i mestu stanovanja (Beograd). Instrument istraživanja je bio upitnik kojim su dobijeni podaci 
o demografskim karakteristikama ispitanika, navikama, ličnoj i porodičnoj anamnezi. U statističkoj 
analizi podataka korišćene su metode deskriptivne (relativni brojevi) i inferencijalne statistike (χ2 test). 
Rezultati  Osobe s arterijskom hipertenzijom su značajno češće imale niži stepen obrazovanja. Takođe su 
značajno ređe bili pušači i ređe su konzumirali rakiju i pivo duže od 20 godina. Nije postojala značajna 
razlika u odnosu na konzumiranje alkohola i rekreativno bavljenje sportom. Osobe s arterijskom hiperten-
zijom su značajno češće bile s prekomernom telesnom težinom i gojazne u odnosu na kontrolnu grupu. 
Zaključak  Neophodno je uvođenje adekvatnih preventivnih mera, prvenstveno mera koje bi se odnosi-
le na promenu ponašanja. Promena ponašanja podrazumeva prestanak pušenja, adekvatno sprovođenje 
fizičke aktivnosti i ishrane, kao i eliminisanje prekomerne telesne težine i gojaznosti.
Ključne reči: pušenje, konzumiranje alkohola, gojaznost, fizička aktivnost
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ABSTRACT

Aim To determine the significance of obesity as a risk factor in 
high school population with hypertension.

Methods Testing was conducted during the school year 2006-2007 
on a sample of 1121 students, 15-18 years of age (306 boys and 
815 girls) from three high schools in Zenica (Grammar School, 
Teacher Training High School and Secondary School for Nurses). 
Increased relative risk factor with reliability coefficient that points 
to the significance of the correlation of risk factors and develo-
pment of a disease was examined using analytical epidemiological 
research methods and statistical analysis (the linear correlation co-
efficient, χ2 test, and the relative risk ) .

Results Obesity, e.g.  Body Mass Index  (BMI) ≥ 95  was found in 
15 (5%) boys and 57 (7%)  girls. Increased relative risk of develo-
ping essential arterial hypertension was found in obese boys (RR= 
9.00 ) and girls (RR= 2.66) with the coefficient of reliability which 
pointed to the significance of the relationship between obesity and 
arterial hypertension morbidity.

Conclusion Obesity is a significant risk factor for the occurrence 
of essential arterial hypertension in boys and girls. Monitoring the 
nutritional status of youth, regular systematic medical examinati-
ons with measuring tension and implementing measures to control 
nutrition, are important preventive public health tasks.

Key words: obesity, correlation, risk factor, essential arterial 
hypertension
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INTRODuCTION 

On the basis of evidence of the development of 
hypertension it is obvious that essential hyperten-
sion is also diagnosed among youth (1). Obesity is 
one of the leading risk factors for the development 
of hypertension and cardiovascular disease. Global 
obesity rate is increasing, both in developed and 
developing countries (2). Ignoring children´s and 
adolescent´s obesity threatens the health of the car-
diovascular system in child and adolescent popula-
tion, and it is likely to lead to a serious public health 
problem in the future (3). Research by Canadian au-
thors show early effects of increased body weight, 
lack of physical activity, positive family history of 
hypertension and socio-economic instability on the 
values of the blood pressure (4). Early interventions 
in reducing child obesity could, among other thin-
gs, reduce the risk of developing high blood pressu-
re and reduce the risk of cardiovascular disease (4). 
According to Chinese authors, the level of systolic 
and diastolic blood pressure increases with age and 
it is strongly positively correlated with Body Mass 
Index (BMI) in boys and girls, and overall inciden-
ce of relatively high blood pressure was 24.07% in 
boys and 23.36% in girls (5).
Prevalence of isolated systolic hypertension was 
6.9% in young men and 2.3% in young women 
according to French authors (6). Croatian au-
thors, Contosic and colleagues, have found the 
prevalence of systolic arterial hypertension of 
8.6% and the prevalence of diastolic arterial 
hypertension of 2.1% in boys aged 18 years (7). 
Peters and colleagues have published the data 
that hypertension affects more than 35,0000 U.S. 
children and adolescents, therefore raising con-
cerns that the increased blood pressure in chil-
dhood extends in the adulthood, which imposes 
measures for the detection and treatment of blood 
pressure in childhood (8).
In recent years, prolonged increased blood pressu-
re becomes the subject of intense research in the 
pediatric and adolescent age, because elevated blo-
od pressure in adults leads to pathological changes 
on the blood vessels of the heart, brain, kidneys 
and other organs and tissues. It is now generally 
accepted that the adult hypertension originates 
from the period of childhood and adolescence (9). 
Prognosis of untreated arterial hypertension results 
in subsequent pathological changes on the blood 
vessels of the heart, brain, kidneys and other or-

gans and tissues, leading to their impaired function. 
Measurement of arterial blood pressure and study 
of arterial hypertension in children and adolescents 
is appropriate, justified and useful for prospective 
studies, which would attempt to answer the que-
stion of child´s and adolescent´s flow of essential 
hypertension in adult life at a later age (10, 11).
Most common cardiovascular disease in the obe-
se population is arterial hypertension, which, af-
ter a certain period of time leads to left ventricu-
lar hypertrophy, often associated with dilatation, 
diastolic dysfunction, and abnormal heart rhythm 
and generalized atherosclerosis (12). Obesity is 
a known risk factor in hypertonic patients due to 
the negative cellular, endocrine and organic influ-
ences, especially in women up to 40 years of age 
( 13). The pathogenesis of arterial hypertension 
in obesity is complex. Among the earliest known 
factors are hemodynamic factors.
Metabolic factors that lead to arterial hyper-
tension in obese population, insulin being on a 
vital place, are mostly in the center of research 
today (9). This hypothesis was posed by Di-
eterle in 1967 for the first time, while Ferra-
nnini gave detailed explanation in 1987 (9). 
The aim of this study was to determine the asso-
ciation between essential arterial hypertension, 
increased body weight and BMI in high school 
population in Zenica city.

PATIENTS AND METhODS

Study was conducted on a sample of 1121 res-
pondents of three high schools in Zenica (Gram-
mar School, Teacher Training High School and 
Secondary School for Nurses), during the school 
year  2006/2007, which included 306 boys and 
815 girls, 15 to 18 years of age. Each student had 
a written consent of a parent or guardian for their 
being subjected to the research. The Ethical Co-
mmittee of the Pedagogical Institute of Zenica 
municipality had given approval to conduct the 
research in those schools. 
Systolic and diastolic arterial blood pressure was 
measured by mercury sphygmomanometer (Riva-
Rocci, 0197 CE WOMD Wenzhou, China), with the 
appropriate cuff width and length, which covered 
2/3 forearm and with free access to cubital pit (1).
In order to eliminate factors of effort and excite-
ment that significantly affect the current level of 
arterial tension in respondents (“situational hyper-
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tension”), each respondent rested for half an hour, 
brief interview was conducted and then they were 
prepared for measurement. If elevated tension had 
been found, measurement was repeated three ti-
mes, at intervals of 10 minutes, and the average 
value was taken as the relevant one. Among the 
respondents who, after the first measurement had 
tension with the values of >95 percentile pressu-
re distributions for the same age, sex and height, 
the measurement was performed two more times 
within seven days, each time three measurements 
were performed and average value of the pressure 
was taken as the relevant one.
The measurement was performed in the respon-
dent supine position with cubital pit at heart level 
and scale of pressure gauge at the eye level of the 
examiners. Measurement was performed on both 
hands and average value of the pressure was taken. 
The height of the first appearance of a tone after a 
gradual release of pressure in the cuff was taken as 
the level of systolic pressure. The height when the 
tone loses D5, Pahse V by Korkotov was taken as 
the level of diastolic pressure (1). The research did 
not include children who had already been previo-
usly diagnosed with arterial hypertension.
Body weight was measured by means of medical 
decimal scale, with incorporated anthropometry 
used to measure body height (Detecto, USA), 
which was calibrated before the measurements. 
Body weight was measured to the value of a de-
kagram and body height to the nearest centimeter. 
Respondents were measured after physiological 
bowel and bladder discharge. They were measu-
red barefoot, in their underwear. The value of the 
weight of the underwear was deducted from the 
measured values   of body mass (10).
The nutritional status of respondents was deter-
mined by calculating the body mass index (BMI), 
which was obtained by dividing weight in kilo-
grams by the square of body height in meters 
(10,11). In this research the percentile value BMI 
≥ 15 to BMI <85 were marked as (physiologi-
cal) normal body weight, BMI ≥ 85 percentile 
to BMI <95 percent as of those with increased 
body weight, and BMI ≥ 95 percentile as obesi-
ty. Prevalence of frequency, coefficient of linear 
correlation (r) at a significance level of 0.01, χ2 
test  for  p<0.05, and the relative risk (RR) were 
used as statistical parameters.

RESuLTS

Obesity for BMI> 95 was found in 15 (5%) 
boys and 57 (7%) girls aged 15-18 years. 
Systolic blood pressure in the total sample of 
boys and girls correlated significantly with BMI      
(r=0.278) and body mass (r=0.439) (p<0.01). 
Diastolic blood pressure in the total sample of 
boys and girls correlated significantly with BMI 
(r=0.252) and body mass (r=0.258) (p<0.01). 
Systolic blood pressure in the total sample of 
boys showed mild degree (small) correlation (+/-
.20 to 0.40) with BMI (r=0.329) and body mass 
(r=0.398) (Table 1).
Diastolic blood pressure in the total sample of 
boys showed mild degree (small) correlation (+ 
/ - .20 to 0.40), with BMI (r=0.238) and body we-
ight (r=0.283) (Table 1).
Systolic blood pressure in the total sample of 
girls showed mild degree (small) correlation (+ 
/ - .20 to 0.40) with BMI (r=0.296) and body we-
ight (r=0.302) (Table 1).

Boys Girls
Systolic 
pressure 

Diastolic 
pressure p Systolic 

pressure 
Diastolic 
pressure p

Body 
weight 0,398* 0,283* 0.0001 0,302* 0,231* 0.0001

Body mass 
index 0,329* 0,238* 0.0001 0,296* 0,259* 0.0001

Table 1. The correlation between values of blood pressure and 
measured parameters for the total sample of boys and girls

*significant correlation

Diastolic blood pressure in the total sample of 
girls showed mild degree (small) correlation (+ 
/ - .20 to 0.40) with BMI (r=0.259) and body we-
ight (r=0.231) (Table 1).
There was a positive linear increase of  prevalen-
ce of arterial hypertension in relation to the linear 
increase in obesity, expressed as BMI (0 <r <+1). 
There was a statistically significant difference in 
the occurrence of arterial tension between the pa-
tients with hypertension and a group of those who 
were physiologically proper tension (p<0.05). The 
relative risk of the increased rate of arterial hyper-
tension in obese respondents was 9.00 (p=0.01), 
indicating that there was a 9 times greater risk of 
developing hypertension in obese boys than in 
those of normal weight (OR=12.6)  (Table 2).
Based on the statistical analysis of the number of 
respondents with hypertension and the number of 
respondents who were normotensive in relation 
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to nutritional status, among girls there was a sta-
tistically significant difference in the occurrence 
of arterial hypertension between the two groups 
(p<0.05). The relative risk of increased morbidity 
rate of arterial hypertension in obese respondents 
was  RR=2.6667 (p=0.03 ) indicating that there 
was a 2.7 times greater risk of hypertension mor-
bidity in obese girls in this age group than in the 
normal weight girls (OR=3.13) (Table 2).

in men aged 18 years (7). Carabajal et al. found 
a significant correlation between hypertension and 
obesity, and suggested measures for the control of 
body weight (16). Januš et. al. (17) have found that 
the prevalence of hypertension in obese children is 
significantly higher than in normal subjects. Sy-
stolic hypertension was found in 0.9 respondents 
and 11.1% in obese respondents (17).
Diastolic hypertension was found in 21.3% of 
obese children and 1.4% of normal weight chil-
dren (17). Research by Canadian authors shows 
early effects of increased body weight, lack 
of physical activity, positive family history of 
hypertension and socio-economic instability on 
the systolic blood pressure (4). According to the 
findings of Chinese authors, the level of systolic 
and diastolic blood pressure had a positive corre-
lation with BMI in boys and girls. The prevalence 
of relatively high blood pressure increased with 
the increase of BMI percentile, and the trend was 
especially pronounced in high BMI percentile (5).
This study has found that obesity is a significant 
risk factor for the occurrence of essential hyper-
tension in boys and girls of age groups from 15 to 
18. There is a relative risk of a high rate of deve-
loping essential hypertension in obese subjects in 
this age group, particularly pronounced in male 
subjects. The results indicate a need for systema-
tic monitoring of blood pressure in adolescents, 
particularly risk groups (obese youth), including 
undertaking of preventive public health measures 
in the prevention of obesity in adolescents.
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Prevalencija arterijske hipertenzije kod gojazne srednjoškolske 
omladine u Zenici (Bosna i hercegovina)
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SAŽETAK

Cilj  Utvrditi prisustvo gojaznosti kao faktora rizika, te njegovu povezanost s pojavom arterijske hiper-
tenzije kod srednjoškolske omladine.

Metode  Ispitivanje je vršeno tokom 2006/2007. školske godine, na uzorku od 1121 učenika (306 
mladića i 815 djevojaka) tri srednje škole u Zenici (Opća gimnazija, Pedagoška gimnazija i Srednja 
medicinska škola), dobne skupine od 15 do 18 godina starosti. Epidemiološkim analitičkim metodama 
i statističkom obradom podataka (određivanje koeficijenta linearne korelacije ( r ), χ2 test, te relativni 
rizik pojave), ispitan je relativni rizik obolijevanja s koeficijentom pouzdanosti povezanosti faktora 
rizika i obolijevanja od hipertenzije. 

Rezultati  Gojaznost za vrijednost BMI ≥ 95 utvrđena je kod 5% mladića i 7% djevojaka. Kod gojaznih 
mladića (RR=9,00) i djevojaka (RR=2,66) nađen je povećan relativni rizik obolijevanja od esencijalne 
arterijske hipertenzije s koeficijentom pouzdanosti koji ukazuje na značajnost povezanosti gojaznosti i 
obolijevanja od arterijske hipertenzije.

Zaključak  Gojaznost je značajan faktor rizika za pojavu esencijalne arterijske hipertenzije kod mladića 
i djevojaka dobne skupine od 15 do 18 godina. Praćenje uhranjenosti omladine, redovni sistematski 
ljekarski pregledi s mjerenjem tenzije, te provođenje dijetetskih mjera regulacije uhranjenosti, jesu 
značajni preventivni javnozdravstveni zadaci.

Ključne riječi: hipertenzija, gojaznost, faktor rizika, korelacija
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ABSTRACT

Aim  Most of the studies proved association between some lipo-
protein fractions and hypocholesterolemia as risk factors for pri-
mary intracerebral hemorrhage (ICH). However, there are studies 
that emphasize hypercholesterolemia (Hyper-Hol) as a risk factor. 
The present study aims at determining lipid fractions as risk fac-
tors for intracerebral hemorrhage in our region. 

Methods A retrospective study included 92 patients with primary 
ICH treated during one year at the Department of Neurology in the 
Clinical Centre of Vojvodina, Novi Sad. Following clinical and 
demographic data, age and gender, risk factors with a focus on 
certain lipid fractions (total cholesterol, triglycerides, low density-
LDL, and high density - HDL cholesterol), types of hyperlipopro-
teinemia and disease outcome were analyzed.

Results Fifty-one (55%) females and forty-one (45%) males, 
mean age 67.6 years were enrolled in the study. Hyper-Hol was 
observed in 63 (69%) patients, hyper-LDL cholesterolemia in 68 
(74%) patients and hypo-HDL cholesterolemia in 77 (84%) pa-
tients, while triglyceride levels were normal in majority of pati-
ents. No statistical significance between males and females was 
observed considering levels of total cholesterol (p=0.068), LDL 
cholesterol (p=0.156), triglycerides (p=0.363), while levels of 
HDL cholesterol were significantly higher in females (p=0.023). 
Hyperlipoproteinemia IIa was found in 51 (78%). Mortality rate 
was 25%.

Conclusion Hypertrigliceridemia was not proved as a risk factor, 
while hyper-LDL cholesterolemia, hypo-HDL cholesterolemia, 
and hyper-Hol can be associated with primary ICH, which could 
justify further statin treatment in secondary prevention of this di-
sease. 

Key words: lipids, hemorrhagic stroke, outcome
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INTRODuCTION

An intracerebral hemorrhage (ICH) account for 
only 15% of all strokes but it is one of the most 
disabling forms of stroke (1) with a global inci-
dence of 10 to 20 cases per 100.000 population. 
It is more frequent in males, especially above the 
age of 55 years, and in certain populations, such 
as black and yellow race (50-55/100.000) (2).
Primary ICH is more common than secondary 
ICH that may be caused by various vascular 
malformations, neoplasm, coagulation disorders, 
trauma, hemorrhagic transformation of an ische-
mic stroke, previous operation, etc. (3-5). In ad-
dition to the well-known etiological factors for 
primary ICH, such as hypertension (HTA) and 
cerebral amyloid angiopathy (CAA), dyslipide-
mia has a significant role as well (4-6).  Disorders 
of certain lipoprotein fractions, mainly hypocho-
lesterolemia (hypo-Chol), hypertriglyceridemia 
(hyper-TGL), hypo-low density-lipoprotein cho-
lesterolemia (hypo-LDL) and hypo-high densi-
ty-lipoprotein cholesterolemia (hypo-HDL), are 
considered risk factors for ICH (7,8). On the ot-
her hand, some authors report opposite results, i.e. 
hypo-HDL as a risk factor for the development of 
ICH and hypo-Chol as a non-risk factor (9,10).
According to the definition, dyslipidemia impli-
es elevated serum triglyceride levels, increased 
levels of low-density lipopprotein and decreased 
levels of HDL cholesterol (11).
The pathophysiological mechanism that links 
dyslipidemia and ICH is still unclear; however, it 
is possible that total cholesterol has effect on the 
preservation of the integrity of the blood vessel 
wall, and consequently its low levels may contri-
bute to necrosis of smooth muscle cells. On the 
other hand, cholesterol levels modify platelet ag-
gregability, affecting platelet activating factor, and 
hypo-Chol may lead to decreased platelet aggre-
gation which may contribute to an increase in the 
size of ICH (6). According to Frederickson, hyper-
lipoproteinemas (HLP) are classified with regard 
to serum cholesterol and TGL levels into five gro-
ups (types I, IIa, IIb, III ,IV, and V) (12,13).
The mortality rate of primary ICH is 62% wit-
hin the first year after stroke, and only 20% of 
the survivors are capable of independent living. 
About one half of all fatal cases within the first 
30 days occur in the first 48 hours, mainly due to 
cerebral herniation (3,4).

A majority of studies do not recommend the use 
of 3-hydroxy-3-methyl coenzyme A (HMG-CoA) 
reductase inhibitors, or statins, due to their ple-
otropism based on antiplatelet and fibrinolytic 
effects, along with the well-known hypochole-
sterolemia (14,15).
Our study was based on the definition of etio-
logical specificities of primary ICH, prevalence 
of dyslipidemia as a risk factor, and disease out-
come. Emphasis was placed on serum levels of 
cholesterol as a possible risk factor, regarding our 
earlier observations about positive correlations 
between hypercholesterolemia and  primary ICH 
and having in mind that this view is not confir-
med in majority of studies conducted earlier. 

PATIENTS AND METhODS

This retrospective study enrolled all the patients 
over 18 years of age with a first-ever primary in-
tracerebral hemorrhage, who were hospitalized 
and treated at the Neurology Clinic and Emer-
gency Neurology Department of the Clinical 
Centre of Vojvodina, Novi Sad, Serbia in the pe-
riod from August 2010 to August 2011. All study 
subjects met the clinical and neuroradiological 
criteria: an initial Brain Computer Tomography 
(CT scan) on admission (< 6 hours) performed 
according to the Radiology Department protocol. 
Some patients needed Magnetic Resonance Ima-
ging and Angiography (MRI/MRA) to confirm 
the diagnosis of primary ICH. Exclusion criteria 
for this study were secondary causes of intrace-
rebral hemorrhage (various vascular malforma-
tions), hemorrhagic transformation of ischemic 
stroke, intracranial tumors, coagulopathies and 
the use of anticoagulant therapy. 
All analyses have been done based on patients’ 
documentations. The following clinical and de-
mographic data were collected: age, sex, risk fac-
tors and disease outcome. ICH incidence regar-
ding gender and age was analyzed, including the 
following risk factors: hypertension, dyslipide-
mia, alcohol abuse, smoking and positive family 
history for cerebrovascular diseases.
In addition, the relationship between certain 
lipid fractions and ICH with regard to sex and 
prevalence of individual hyperlipoproteinemia 
(HLP) types was studied. Serum levels of total 
cholesterol, triglyceridemia (TGL), low densi-
ty-lipoprotein cholesterolemia (LDL) and high 
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density-lipoprotein cholesterolemia (HDL) were 
determined (Abbott Diagnostics, Lake Forest, 
Illinois, United States). Blood samples were ta-
ken from all subjects between 08:00 and 9:00 
AM, after a minimum of 12 hours fasting, during 
first 24-48 hours after the onset of symptoms.
According to laboratory parameters of the Cen-
ter for Specialized Laboratory Investigations of 
the Clinical Centre of Vojvodina, lipid fractions 
were classified into normal, risk and high-risk va-
lues (Table 1). Normal cholesterol (Chol) values 
were  <5.20 mmol/L and high-risk values ≥6.20 
mmol/L; for tryglicerides (TGL) normal levels 
were  <1.70 mmol/L, high-risk ≥2.30 mmol/L; 
normal low density-lipoprotein (LDL) values were 
<3.40 mmol/L, high-risk ≥4.10 mmol/L; optimal 
high density-lipoprotein (HDL) values were <1.60 
mmol/L, and high-risk ≤1.0 mmol/L (12,13). 
Statistical analysis was carried out using the Stu-
dent t-test. A p value of <0.05 was considered to 
be statistically significant.

RESuLTS

The study enrolled 92 patients with primary in-
tracerebral hemorrhage, 51 (55%) females and 41 
(45%) males.
Subjects were at the age between 33 and 86 ye-
ars, average age was 67.6 years. Most patients 
were between 61 and 80 years old. In females, 
ICH was more frequent in the seventh and eighth 
decade of the life, whereas in males it was more 
common in the sixth decade of life.
With regard to risk factors, the most frequent 
were hypertension, found in 86 (94%) and dysli-
pidemia, found in 76 (83%) patients, whereas ot-
her risk factors were less frequent; family history 
of cerebrovascular disease was registered in 20 
(22%), alcohol abuse in 16 (17%), and smoking 
in 12 (13%) patients.
Analysis of the lipid profile showed that 23 (25%) 
patients had borderline values of total choleste-
rol, 40 (44%) had high-risk values, whereas trigl-

yceride levels were normal in most patients, i.e. 
78 (85%). High-risk values of LDL-cholesterol 
were found in 49 (53%) patients, and more than 
half of the subjects, i.e. 56 (61%), had borderline 
values of HDL-cholesterol (Table 2).

Normal values Risk values High-risk values
Cholesterol <5.20 5.20-6.19 ≥6.20 mmol/L
TGL <1.70 1.70-2.29 ≥2.30 mmol/L
LDL <3.40 3.40-4.09 ≥4.10 mmol/L
HDL >1.60 1.00-1.60 ≤1.00 mmol/L

Table 1. Reference values   of lipid fraction

TGL, triglyceridemia; LDL, low density-lipoprotein; HDL, high 
density-lipoprotein

No (%) of patients
Lipid fractions Normal values Risk values High risk values
Total cholesterol 29 (31) 23 (25) 40 (44)
TGL 78 (85) 8 (9) 6 (6)
LDL 24 (26) 19 (21) 49 (53)
HDL 15 (16) 56 (61) 21 (23)

Table 2. Prevalence of lipid fractions in regard to risk levels

TGL, triglyceridemia; LDL, low density-lipoprotein; HDL, high 
density-lipoprotein

No (%) of patients
Total cholesterol Hyper-LDL Hyper-TGL Hypo-HDL

Male 28 (30) 33 (36) 5 (5) 37 (40)
Female 35 (38) 37 (40) 9 (10) 42 (46)
Total 63 (78) 70 (76) 14 (15) 79 (86)

Table 3. Prevalence of risk-value lipids with regard to sex

TGL, triglyceridemia; LDL, low density-lipoprotein; HDL, high 
density-lipoprotein

With regard to risk values of lipid fractions, total 
cholesterol was elevated in 35 (38%) and LDL 
cholesterol in 37 (40%) female patients, where-
as these values were lower in males. Hypo-HDL 
cholesterolemia was found in 42 (46%) females 
and 37 (40%) males (Table 3).

No statistical significance between males and 
females was observed considering levels of 
total cholesterol (p=0.068), LDL cholesterol 
(p=0.156), TGL (p=0.363), while levels of HDL 
cholesterol were significantly higher in females 
(p=0.023).
With regard to the types of hyperlipoproteinemia, 
the most frequent was HLP type IIa, found in 51 
(78%) patients, and HLP type IIb, found in 10 
(15%) patients.
Favorable outcome was registered in 69 (75%) 
patients, and lethal outcome in 23 (25%) patients. 
During the first two days of hospitalization no 
mortalities were observed, twenty-one patients 21 
(23%) died in the period from the second to the 
30th day of the disease, and two (2%) died later.

DISCuSSION

Our results show that primary ICH was primarily 
a disease of older age, more common in fema-
le patients, in their seventh and eight decades of 
life, which is older age compared to some other 
studies (2-4). 

Lučić Prokin et al. Dyslipidemia and intracerebral hemorrhage
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Most authors report a positive correlation 
between ICH and hypertension as a leading 
risk factor (72-81%), as well as an association 
between ICH and dyslipidemia (3,4). Miah et 
al. (16) found dyslipidemia (75%) as a domi-
nant risk factor in young patients, whereas in our 
study the most frequent was hypertension (94%), 
while dyslipidemia (83%) was more prevalent 
than in previous studies (3,4).
Literature data vary with regard to impaired levels 
of certain lipoprotein fractions. Most authors po-
int out that hypocholesterolemia as a significant 
risk factor for ICH (10,16,17); however, our study 
showed a possible positive correlation between pri-
mary ICH and hypercholesterolemia (44% of pati-
ents had high-risk and 25% had borderline chole-
sterol levels). According to Woo et al. the assumed 
pathophysiological mechanism underlying hyperc-
holesterolemia and ICH is probably different from 
that of hypocholesterolemia and ICH, and this may 
also be true for hypertriglyceridemia (18). 
Different opinions about triglyceride levels as 
risk factors for ICH exist: some authors consider 
low triglyceride values associated with an incre-
ased risk of ICH and the others found that higher 
levels of triglycerides correlate with higher risk 
for ICH (7,8,19). However, we did not confirm 
either opinion, since as many as 85% of patients 
had normal TGL values.
The greatest discrepancy between individual stu-
dies is in the levels of LDL cholesterol. Some 
authors have reported that the development of 
ICH is associated with hypo-LDL cholesterole-
mia (4,6), while others have documented the re-
verse, i.e. hyper-LDL cholesterolemia as a risk 
factor (3-6,20). Our results correspond to the la-
tter findings, e. g., LDL-cholesterol levels were 
borderline and high-risk elevated in 74% of all 
patients. Regarding hypo-HDL-cholesterolemia 
as a possible risk factor, we found it in 84% of 
patients, and this result correlates with published 
data (7), with statistically significantly higher le-
vel in female patients. We think that this could be 
related with more frequent appearance of obesity 
and less physical activity in females of our region 
comparing to males at the same age.  
In our study the most common type of hyperlipo-
proteinemia was IIa (78%), which could lead us 
and revead hereditary base of lipid disorder as a 
possible risk factor for ICH. 

Mortality due to ICH in our study was only 25%, 
which is considerably lower than in previous stu-
dies, which have reported mortality in the range 
40%-55% (3,4). Our finding may be explained 
by a better response to an adequate therapeutic 
approach and appropriate care with fewer com-
plications of ICH. 
A limitation of this study is the lack of a control 
group as well as a small number of patients whi-
ch would make our results more relevant. Having 
in mind the study limitations and the need for fur-
ther investigations we hope that our results will 
contribute to solving vaguely and, indeed, some-
times quite opposed opinions in this area.
In conclusion, we found possible significant effects 
of hypercholesterolemia, hyper-LDL cholesterole-
mia and hypo-HDL cholesterolemia, while impai-
red serum TGL levels were minimally prevalent in 
our study. A possible explanation for these findin-
gs is the long-term presence of arteriosclerosis, as 
a consequence of greater intake of saturated fatty 
acids and inappropriate treatment of dyslipidemia, 
which is characteristic of our region, especially in 
the elderly (seventh and eight decade of life). In 
such a neurovascular setting, the registered lipid 
disorders may contribute to the development of 
rupture of the blood vessel wall, along with the 
pre-existing hypertension as a risk. 
Several studies showed protective effect of statins 
in secondary prevention of ICH and underlined the 
fact that theie use is not associated with an increa-
sed ICH recurrence (20-22). Our results support sta-
tins use in the secondary prevention of primary in-
tracerebral hemorrhage and probably contribute to 
a new approach of treating this devastating disease.
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SAŽETAK

Cilj  Većina dosadašnjih studija pokazala je udruženost pojedinih lipoproteinskih frakcija dislipidemi-
je i hipoholesterolemije kao faktora rizika za nastanak primarne intracerebralne hemoragije (ICH). S 
druge strane, postoje studije koje ističu hiperholesterolemiju (hiper-Hol) kao faktor rizika. Cilj našeg 
istraživanja bio je da utvrdimo zastupljenost lipidnih frakcija kao faktora rizika u našem regionu.  

Metode  Jednogodišnja retrospektivna studija uključila je 92 bolesnika s dijagnozom primarne ICH, le-
čena na neurološkom Odelenju Kliničkog centra Vojvodine. Praćeni su sledeći klinički i demografski 
podaci: starost, pol, faktori rizika s osvrtom na učestalost pojedinih lipidnih frakcija (trigliceridi, low 
density lipoprotein - LDL, high density lipoprotein - HDL, serum total cholesterol), tipovi hiperlipopro-
teinemije, kao i ishod bolesti. 

Rezultati  Istraživanje je obuhvatilo 51 (55%) bolesnika ženskog, te 41 (45%) muškog pola, s proseč-
nom starošću od 67,6 godina. Hiper-Hol je registrovana kod 63 (69%), hiper-LDL kod 68 (74%), a hipo-
HDL kod 77 (84%) bolesnika, dok je nivo triglicerida kod najvećeg broja bio u granicama referentnih 
vrednosti. Nije registrovana statistički značajna razlika između polova u odnosu na serumski nivo uku-
pnog holesterola (p=0,068), LDL holesterola (p=0,156), TGL-a (p=0,363), dok je nivo HDL holesterola 
bio signifikantno veći kod žena (p=0,023). HLP tip IIa bila je zastupljena kod 51 (78%) bolesnika, dok 
je letalni ishod zabeležen u 25% pacijenata. 

Zaključak  Hipertrigliceridemija nije ustanovljena kao faktor rizika, dok bi hiper-LDL i hipo-HDL, kao 
i hiper-Hol, mogli biti razmatrani kao faktori rizika za nastanak primarne intracerebralne hemoragije, 
što bi sugerisalo opravdanu primenu statina u cilju sekundarne prevencije ovog obolenja.  

Ključne reči: lipidi, hemoragični moždani udar, ishod
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ABSTRACT

Aim To determine whether D-dimer in patients with community-
acquired pneumonia (CAP) can predict mortality risk better than 
standard biomarkers. 

Methods White blood cell (WBC), C-reactive protein (CRP) and 
D-dimer in 129 patients with CAP were analyzed. The recommen-
ded Pneumonia Severity Index (PSI) score was used to classify 
CAP patients into five groups according to the severity of disease 
(Group PSI I-V), and for predicting mortality. Additionally, the 
patients were divided in surviving and non-surviving group.

Results White blood cell and CRP were not in correlation with the 
severity of CAP and the risk of mortality. The correlation between 
plasma D-dimer and severity of CAP was found (r=0.4993; 
p<0.001). The level of D-dimer was significantly higher in non-
surviving (2498.38±1248.83ng/mL) than in surviving patients 
(966.44 ± 968.73ng/mL) (p<0.001). In predicting mortality risk, 
D-dimer showed sensitivity of 0.84 (cut of >1538 mg/mL), spe-
cificity 0.86 and AUC 0.859 (95%CI; 0.787–0.914). Pneumonia 
Severity Index in predicting of mortality risk for cut of > PSI 
III showed sensitivity of 0.92, specificity 0.62 and AUC 0.868 
(95%CI; 0.797-0.921). There was no statistical difference between 
AUC of PSI and D-dimer (ΔAUC= 0.00895) (p=0.9005).

Conclusion Coagulation abnormalities were presented in older 
patients with severe infections and comorbidity. Plasma D-dimer 
correlated better than standard inflammatory markers with severity 
of disease and risk of mortality in patients with CAP. In predicting 
mortality risk, D-dimer did not show difference among the PSI 
score. 

Key words: fibrin fragment, in-hospital mortalities, community 
acquired infection
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INTRODuCTION 

Intrahospital mortality in patients with commu-
nity-acquired pneumonia (CAP) is still high. 
The mortality rate in CAP outpatients is 1–5%, 
in in-patients 12% and in intensive care patients 
40% (1). Severity assessment is a crucial com-
ponent in the management of patients with CAP 
to guide physicians in clinical decisions. Routi-
ne clinical judgments alone have shown to be a 
poor predictor of disease severity (2). More than 
40 indicators of poor prognosis in patients with 
CAP have been identified, and complex scoring 
systems have been developed (3). The existing 
severity tool, Pneumonia Severity Index (PSI) 
incorporates various combinations (demograp-
hic characteristics, co-morbidities, clinical and 
laboratory variables) that are felt to be important 
in determining the clinical course of CAP. Pne-
umonia Severity Index analyzed 20 parameters 
(4). Testing strategies in the initial management 
of patients with CAP, by using PSI, predict mor-
tality in PSI I to 0.1%, in PSI II to 0.6%, in PSI 
III 0.9-2.8%, in PSI IV 8.2-9.3% and in PSI V 
27.0-29.2% cases (3). However, PSI score model 
is not practical in many clinical settings and it is 
not widely used (5,6).
C-reactive protein (CRP) is an acute phase pro-
tein synthesized by the liver. This protein is wi-
dely used in the management of CAP, including 
diagnosis, prognosis and follow-up (7,8). C-reac-
tive protein is less precise than the Fine’s score 
to assess infectious pneumonia gravity but seems 
to be an indicator of the potential gravity of the 
pneumonia (9). This protein can be used as an 
indicator of response to treatment, but the initial 
concentration of this protein does not correlate 
closely with the severity of disease (10). 
Plasma D-dimer represents an endogen thrombol-
ytic process. The potential use of plasma D-dimer 
levels has been assessed as a screening test for 
venous thromboembolism (11). It is a non-spe-
cific test, influenced by many factors (patient’s 
age, background illnesses and any inflammatory 
state) (12). Its role in other disorders has not been 
defined as well. D -dimer results from the fibrin 
breakdown after fibrinolytic system activation 
by plasmin. Pro-inflammatory states in critically 
ill hospitalized patients lead to elevated D-dimer 
levels via cytokine activation of the coagulation 
cascade and corresponding inhibition of fibri-

nolysis (13). Fibrin deposition is an important 
feature of pulmonary infection or severe inflam-
mation. These effects on pulmonary coagulation 
and fibrinolysis are regulated by various pro-in-
flammatory cytokines (14). Elevated pro-inflam-
matory cytokines are associated with the severity 
of pneumonia (15). Some studies suggest that an 
increase in D-dimer is directly related to the in-
tra- and extra-vascular coagulation that occurs in 
acute and chronic lung damage in CAP cases (16). 
During pneumonia, vascular congestion develops 
and the alveolar cavity fills with fibrin. Due to 
enzymatic degradation of this fibrin by the fibri-
nolytic system, fibrin degradation products can be 
released into the circulation (17). Alveolar fibrin 
deposition is the characteristic of diverse forms 
of acute lung injury. Intravascular thrombosis or 
disseminated intravascular coagulation can also 
occur in an acutely injured lung (17). Therefore, 
being one of the fibrin degradation products, D-di-
mer levels can be increased in pneumonia (17,18). 
Proposed scoring systems helped to distinguish 
patients with CAP who can be managed at home 
and those with high mortality risk who need in-
tensive care treatment (3,4). Recommended sco-
re systems are accurate, but not always easy to 
apply in clinical practice on admission (5). The 
aim of this study was the assessment of the di-
sease severity and mortality risk in patients with 
CAP, analyzing the correlation between D-dimer 
and severity of disease (by PSI score model) and 
mortality risk. It has hypothesized that there is a 
strong correlation between these parameters, and 
that high D-dimer value could indicate severe 
CAP and the high mortality risk. 

PATIENTS AND METhODS

This study included 129 patients with diagnosed 
CAP in the period from June 2011 to February 
2013 at the Clinic for Lung Diseases, Knez Selo, 
Clinical Center Niš, Serbia. The study was appro-
ved by the Ethics Committee of the School of Me-
dicine, University of Niš, Serbia. All participants 
were older than 18 years of age and gave their in-
formed consents. In patients with high suspicion 
of pulmonary embolism using helical CT scan or 
by lung scintigraphy were excluded. There were 
no patients with deep venous thrombosis, rheu-
matologic diseases, diagnosed pulmonary embo-
lism, tuberculosis, anemia or pregnancy. 
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Blood samples were analyzed on admission. 
White blood cells (WBC) were evaluated via 
spectrophotometry method (AVL 816, USA). Se-
rum CRP levels were evaluated via quantitative 
turbidimetric method (Olympus AU 400, Japan). 
Plasma D-dimer levels were evaluated via the 
quantitative latex method (Coagulomethar, ACL 
2000). The physical examination findings, radi-
ological and laboratory findings of all patients 
were monitored regularly. 
Patients were divided into five groups according 
to the Pneumonia Severity Index (PSI) (4): PSI I 
(younger than 50 years and without co morbidity), 
PSI II (< 70 points), PSI III (71-90 points), PSI 
IV (91-130 points), PSI V (> 130 points). Based 
on surviving, the patients were divided into two 
groups: surviving group and non-surviving group.
In the statistical analysis Kruskal-Wallis and Man 
Whitney One Way Analysis of Variance on Ranks, 
and Pearson linear correlation coefficient tests were 
used. Receiver operating characteristic (ROC) cu-
rve was conducted in MedCalc statistical program. 
Diagnostic test with  AUC < 0.75 was regarded as 
non- contributive. The comparison of the AUC of 
two variables was performed via the method of 
DeLong. Results were reported in 95% confiden-
ce interval (CI), specificity, sensitivity, area under 
the ROC (AUC), positive predictive value (PPV), 
negative predictive value (NPV), mean value, stan-
dard deviation (SD), median and percentages (%). 
Statistical significance was accepted at p < 0.05. 

RESuLTS

The study included 129 patients with CAP, an 
overall median age of 64.83 ± 13.32 y (77 males 
and 52 females) (Table 1).

difference was calculated only between Group I 
and Group III (p = 0.035), and between Group I 
and Group IV (p = 0.017) (Table 2).

CAP Number 
of patients 

Median age
(n ±SD) (years) Sex (F/M)

Group I (PSI I) 11 39.4 ± 10.6 4 / 7
Group II (PSI II) 24 58.1 ± 9.4 14 / 10
Group III (PSI III) 39 68.9 ± 10.1 21 / 18
Group IV (PSI IV) 42 68.3 ± 9.9 11 / 31
Group V (PSI V) 13 75.3 ± 7.9 2 / 11
Total 129 64.8 ± 13.32 52 / 77

Table 1. Demographic characteristics of the patients grouping 
by Pneumonia Severity Index (PSI) score

CAP, community-acquired pneumonia; PSI, Pneumonia Severity 
Index; F, female; M, male

There was a poor linear correlation between WBC 
and PSI score model (r = 0.188; p = 0.03254). 
There was no statistical difference in WBC level 
by following PSI Groups (p=0.164). Statistical 

CAP WBC
(x 109/L) (n ± SD)

CRP (mg/L) 
(n ± SD) (median)

D-dimer (ng/L) 
(n ± SD) (median)

Group I 8.79 ± 3.47 54.46 ± 35.37  
(65.2)* 

346.33 ± 229.16
(241.0) 

Group II 12.25 ± 6.0 107.51 ± 109.23  
(69.0)* 

541.62 ± 305.45
(461.0) 

Group III 12.26 ± 4.96 146.68 ± 97.28  
(126.0)

856.64 ± 617.16
(639.0)

Group IV 13.62 ± 6.23 157.11 ± 98.61  
(130.5)

1547.97 ± 1356
(905.0)†

Group V 13.42 ± 7.23 199.45 ± 114.16  
(149.0) 

2359.46 ± 1319.43
(2188)‡

Total 12.52 ± 5.81 140.24 ± 103.36 
(118.3)

1131.05 ± 1112.58
(748.0)

Table 2. Biomarkers in patients with community-acquired 
pneumonia (CAP) according to the Pneumonia Severity Index 
(PSI) score grouping

*p<0.05 vs. Group III, IV and V; †p<0.05 vs. Group II and V; 
‡p<0.01 vs. Group I, II and III;   CAP, community-acquired pneumo-
nia; WBC, white blood cell; CRP, C-reactive protein;

Serum CRP showed better linear correlation with 
PSI score model (r=0.31851; p<0.000235). The-
re was a statistical difference in CRP value by 
following PSI Groups (p<0.05). There was no 
statistical difference between Group I and Group 
II (p=0.124), Group III and Group IV (p=0.633) 
and Group IV and Group V (p=0.235) (Table 2). 
There was a higher linear correlation among 
D-dimer and PSI score (r=0.49922; p<0.0001). 
There were differences in D-dimer levels by fo-
llowing PSI Groups (p<0.001). There was no sta-
tistical difference of D-dimer level, only between 
the Group II and Group III (p=0.107) (Table 2). 
In patients with CAP, 13 patients died (10.07%) 
(non-surviving group) and 116 patients survived 
(89.93%) (surviving group). All non-surviving pa-
tients had one or more comorbidities. In surviving 
patients 93 (80.18%) had one or more comorbidi-
ties (Table 3). All patients from Group I and Group 
II survived; one patient in Group III (0.026%), five 
patients in Group IV (11.9%) and seven patients in 
Group V (53.84%) did not survive. 
There was no statistically significant difference 
among WBC level in non-surviving (13.01 ± 

CAP Number 
of patients

Median age
(n ± SD) 
(years)

One or more 
co-morbidi-

tiy (No)

Sex
(F/M)

Non-surviving group 13 74.92 ± 8.32 13 2 / 11
Surviving group 116 63.71 ± 13.33 93 50 / 66
Total 129 64.8 ± 13.32 116 52 / 77

Table 3. Demographic characteristics of non-surviving and 
surviving patients with community- acquired pneumonia (CAP) 

CAP, Community-acquired pneumonia; SD, standard deviation; F, 
females; M, males;

Nastasijević Borovac et al. D-dimer in community-acquired pneumonia
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5.85 x 109/L) (median 11.9 x 109/L) and surviving 
patients (12.469 ± 5.83 x 109/L) (median 11.8 x 
109/L) (p=0.633) (Figure 1A). There was no si-
gnificant difference among serum CRP levels in 
the non-surviving group (172.42 ± 112.73 mg/L; 
median 136.0 mg/L) and surviving group (138.39 
± 104.35 mg/L; median 113.0 mg/L) (p = 0.212) 
(Figure 1B). Plasma D-dimer level showed sta-
tistically significant difference between the non-
surviving group of patients (2498.38 ± 1248.83 
ng/mL; median 2188.0 ng/mL) and surviving 
group of patients (966.44 ± 968.73 ng/mL; medi-
an 670.00 ng/mL) (p<0.001) (Figure 1C). 
White blood cell in predicting mortality risk 
(for cut of  >16.1 x109/L) showed sensitivity 
of 38.46% (95%CI; 13.9 – 68.4), specificity of 

75.86% (95%CI; 67.0 – 83.3%), positive PV=15.2 
(95%CI; 5.1–31.9) and negative PV=91.7 
(95%CI; 84.2 - 96.3). The area under the curve 
was AUC=0.541 ± 0.0868 (95%CI; 0.451–0.629), 
but it was non-contributive (AUC<0,75) and not 
statistically significant (p=0.6385) (Figure 2).
Serum CRP level in predicting mortality risk 
(for cut of >107.1 mg/L) showed sensitivi-
ty of 84.62% (95%CI; 54.67-98.1), specificity 
of 47.41% (95%CI; 38.1 - 56.9%), with posi-
tive PV=15.3 (95%CI; 7.9 - 25.7) and negative 
PV=96.7 (95%CI; 87.9 - 99.6). The area under the 
curve was AUC=0.606 ± 0.0792 with 95% con-
fidence intervals (95%CI; 0.516 - 0.691), but it 
was non- contributive (AUC<0.75) and it was not 
statistically significant  (p=0.1801) (Figure 2).
A PSI score model in prediction of mortality risk (for 
cut of > PSI III) had sensitivity of 92.3% (95%CI; 
64.0 - 99.8), specificity of 62.93% (95%CI; 53.5-
71.7%), with positive PV=21.8 (95%CI; 11.8-35.0) 
and negative PV=98.6 (95%CI; 92.6 - 100.0). The 
area under the curve was AUC=0.868 ± 0.045 
(95%CI; 0.797–0.921) (p<0.0001) (Figure 2).

Figure 1. Biomarkers in non-surviving and surviving patients 
with community-acquired pneumonia (CAP): A) white blood 
cells (WBC), B) C-reactive protein (CRP), C) D-dimer

Figure 2.  ROC curves and areas under curves (AuC) of Pneu-
monia Severity Index (PSI), D- dimer, C-reactive protein (CRP) 
and white blood cells (WBC) in predicting mortality risk in pa-
tients with community-acquired pneumonia (CAP)

Plasma D dimer level in prediction of mortali-
ty risk in patients with CAP (for cut of >1538 
mg/mL) showed sensitivity of 84.62% (95%CI; 
54.67-98.1), specificity of 86.21% (95%CI; 78.6-
91.9%), positive PV=40.7 (95%CI; 22.4-61.2) 
and negative PV=98.0 (95%CI; 93.1-99.8). The 
area under the curve was AUC=0.859 ± 0.0552 
(95%CI; 0.787–0.914) (p<0.0001) (Figure 2).
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In predicting of mortality risk in patients with CAP 
there was no statistical difference between the area 
under the ROC curves of PSI and D-dimer (ΔAUC 
= 0.00895 ± 0.0716) (95%CI; -0.131-0.149) 
(p=0.9005) (Figure 2). There was a statistically 
significant difference between the area under the 
curves of PSI and CRP in predicting mortality risk 
in patients with CAP (ΔAUC = 0.262 ± 0.0896) 
(95%CI; 0.0860-0.437) (p=0.0035) (Figure 2). 
There was a statistically significant difference 
between the areas under the curves of D-dimer and 
CRP in predicting  mortality risk in patients with 
CAP (ΔAUC = 0.253 ± 0.0785) (95%CI; 0.0989-
0.406) (p = 0.0013) (Figure 2). 

DISCuSSION 

This study pointed out that plasma D-dimer was 
correlated with the severity of CAP better than 
standard inflammatory biomarkers (WBC and 
CRP) and had almost equal result as PSI score 
model in predicting of mortality risk in patients 
with CAP.  Standard routine biomarkers (CRP and 
WBC) on admission did not correlate with severi-
ty of the disease and patient’s outcome. Pneumo-
nia Severity Index is a recommended model for 
the assessment of severity of the disease and for 
predicting mortality risk in patients with CAP, but 
although it is an accurate model, it is not so easily 
applicable in clinical practice (4-6).
In some studies CRP was put forward as a useful 
marker for predicting disease severity in patients 
with CAP. Mean levels of CRP on admission 
correlated with severity of CAP according to PSI 
score (19,20), and CRP <100 mg/L predict redu-
ced risk of 30-day mortality in CAP (19). In con-
trast, in our study, serum CRP correlated poorly 
with PSI score model and severity of CAP (de-
fined by the PSI score), there was no significant 
difference between CRP and WBC in surviving 
and not-surviving patients with CAP, and in pre-
dicting of mortality risk CRP and WBC were no 
contributive AUC (< 0.75). Many authors have 
presented the same results (21-24). 
C-reactive protein did not correlate with the mor-
tality risk and severity of CAP on admission, and 
only daily CRP measurements are useful in mo-
nitoring the clinical course of severe CAP (25). 
Standard routine biomarkers (CRP and WBC) 
did not increase with the increasing severity of 
CAP, classified according to the PSI score (22). 

In predicting mortality risk, it was found that CRP 
had AUC of 0.51 (23) and 0.59 (22), and WBC 
had AUC of 0.55 (22,23). C-reactive protein and 
WBC were not recommended as reliable admissi-
on severity markers in the guidelines (1,26). 
In predicting of mortality risk PSI score model 
presented AUC of 0.69 (23), 0.83 (21) and 0.91 
(27). In our study AUC of PSI score was 0.868, 
and plasma D-dimer level was high in patients with 
CAP depending on the severity of the disease, and 
it correlated with PSI score model. Other authors 
have also found statistically significant correlation 
of D-dimer levels to PSI model (27). D-dimer level 
<500 ng/L can identify low-risk of short-term death 
in patients with CAP, and increased D-dimer levels 
were correlated with PSI score model groups (PSI 
I-V) (28). Plasma D-dimer levels increases signifi-
cantly with the severity of the CAP, and D-dimer le-
vels of 2438.1 ± 2158.1 ng/mL were reported in the 
severe pneumonia group, and 912.6 ± 512.6 ng/mL 
in the non-severe pneumonia group (29). A rapid 
quantitative D-dimer assay at admission correlates 
with the severity of community acquired pneumo-
nia (30). D-dimer levels at admission may predict 
the severity of CAP, and the patients with severe 
CAP (PSI groups IV and V) were associated with 
increased plasma D-dimer levels (30). In our study 
D-dimer level was also significantly higher in pati-
ents with PSI IV-V than in patients with PSI I-III. 
Chronic elevation of inflammatory and hemostasis 
markers has been implicated in many age-related 
chronic conditions (31,32). Our patients with PSI 
V had the highest level of D-dimer and they were 
the oldest patients, and all patients from PSI V had 
one or more co-morbidities as well. In addition 
to the degree of infection, plasma D-dimer levels 
correlated with the age and associated diseases.  
In the study with 814 patients with severe sepsis, 
Dhainaut et al. suggested that coagulation abnor-
malities contribute to organ failure and 28-day 
mortality (33). Plasma D-dimer levels in non-
surviving patients with CAP (3786 ng/mL) were 
higher than in surviving patients (1609 ng/mL). 
Patients with CAP in PSI classes IV-V, who had 
plasma D-dimer levels higher than 2000 ng/mL, 
had a higher risk of mortality (27).  In predicting 
risk for in-hospital mortality in patients with CAP 
for D-dimer >1798 ng/mL was presented AUC of 
0.75 (34). We found that plasma D-dimer level 
was significantly higher in non-surviving pati-
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ents. In our patients with CAP, plasma D-dimer 
level in predicting of mortality risk, for cut of  > 
1538 mg/mL had AUC of 0.859. The comparison 
of the ROC curves of the Fine’s score (PSI score) 
and D-dimer did not show any difference. 
In conclusion, our results supported the theory 
that coagulation abnormalities were common in 
severe community acquired pneumonia without 
pulmonary embolism. High D-dimer level corre-
lated with severity of the disease and mortality 

risk better than standard inflammatory biomar-
kers, similar as recommended by Pneumonia Se-
verity Index. D-dimer levels could be useful for 
predicting clinical outcomes in patients with CAP.  
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SAŽETAK

Cilj  Odrediti da li D-dimer kod pacijenata s vanbolnički stečenom pneumonijom (VSP) može predvi-
deti mortalitet bolje od rutinskih biomarkera. 
Metode Analiziran je broj leukocita (LE), C-reaktivni protein (CRP) i D-dimer kod 129 pacijenata s 
VSP-om. Preporučeni Pneumonia Severity Index (PSI) bio je model korišćen za klasifikaciju pacijenata 
u 5 grupa, u zavisnosti od stepena težine bolesti (PSI I-V), kao i za procenu rizika mortaliteta. Pored 
toga, pacijenti su podeljeni i u grupe “preživeli” i “nisu preživeli”. 
Rezultati  Broj leukocita i CRP nisu korelirali sa stepenom težine bolesti i rizikom mortaliteta. Po-
tvrđena je korelacija između D-dimera i stepena težine VSP-a (r= 0,4993; p <0,001). Nivo D-dimera 
bio je značajno veći kod pacijenata koji su umrli (2498,38 ± 1248,83 ng/mL) u odnosu na one koji su 
preživeli (966,44± 968,73ng/mL) (p<0,001). U predviđanju rizika od mortaliteta, D-dimer za graničnu 
vrednost >1538 mg/mL pokazao je senzitivnost 0,84, specifičnost 0,86 i površinu ispod krivulje AUC 
0,859 (95%CI; 0,787–0,914). Pneumonia Severity Index u predviđanju rizika mortaliteta za graničnu 
vrednost od > PSI III pokazao je senzitivnost 0,92, specifičnost 0,62 i površinu ispod krivulje AUC 
0,868 (95%CI; 0,797–0,921). Nije ustanovljena statistički značajna razlika u površinama ispod krivulja 
između PSI-a i D-dimera (ΔAUC= 0,00895) (p=0,9005). 
Zaključak  Poremećaji koagulacije ustanovljeni su kod starijih bolesnika s prisutnim komorbiditetima i 
infekcijom teškog stepena. Kod pacijenata s VSP-om, D-dimer je pokazao bolju korelaciju od rutinskih 
biomarkera inflamacije sa stepenom težine bolesti i rizikom mortaliteta. U predviđanju rizika mortalite-
ta nisu ustanovljene razlike u odnosu na PSI prediktivni model. 
Ključne reči: produkt fibrina, intrahospitalni mortalitet, vanbolnički stečene infekcije
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ABSTRACT

Aim To evaluate the role of the tissue culture via mediastinoscopic 
biopsy in granulomatous mediastinal lymphadenitis. 

Methods The dossier data of 92 cases with mediastinal lympha-
denitis showing granulomatous lymphadenitis features by cervical 
mediastinoscopy and whose clinical, radiological and bacterio-
logical definitive diagnosis is tuberculosis and sarcoidosis were 
examined retrospectively. The rate of the positive tissue culture of 
mediastynoscopic biopsy in the diagnosis of granulomatous lymp-
hadenitis was calculated.

Results There were 65 (71%) females and 27 (29%) males. The 
mean age of the patients was 42.5 (range 15-75) years.  Non ne-
crotizing granulomatous lymphadenitis was detected in 58 (63 %) 
cases while necrotizing granulomatous lymphadenitis was seen in 
34 (37%) cases. 

There were 29 cases diagnosed with tuberculosis. Acid resistant 
bacilli culture positive rate was 38% (in 11 cases). There were 21 
(62%) cases of necrotizing granulomatous lymphadenitis and ei-
ght (14%) cases of non-necrotizing granulomatous lymphadenitis 
diagnosed with tuberculosis. Culture positivity was identified in 
two (25%) of eight cases whose differential diagnosis could not be 
made histopathologically as tuberculosis/sarcoidosis. 

Conclusions In addition to clinical, radiological and histopatho-
logical diagnosis, the study aims to highlight the importance of 
tissue culture in definitive diagnosis, especially undetermined in-
cidents. 

Key words: Mediastinal lymphadenopathy, granulomatous lymp-
hadenitis, mediastinoscopy, tuberculosis, tissue culture
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INTRODuCTION 

The causes of mediastinal lymphadenopathy are 
generally sarcoidosis, tuberculosis (TB), fungal 
infections and malignancies (1-3). It is difficult to 
diagnose mediastinal lymphadenopathies which 
occur without pulmonary parenchymal disease (4). 
Tuberculosis and sarcoidosis are two different di-
seases which differ in etiology, clinical features 
and treatment and are also involved in the causes 
of granulomatous lymphadenitis (5).
Intrathoracic tuberculous lymphadenopathy oc-
curs most commonly in Asian and black people 
(6). Invasive diagnostic procedures gain impor-
tance due to the high rate of TB prevalence both 
in Turkey and developing countries because of 
the low diagnostic yield of routine laboratory 
methods, such as sputum examination and the 
tuberculin skin test (7). In addition to its diag-
nosis with endobronchial sonographically guided 
transbronchial needle aspiration (EBUS-TBNA), 
transbronchial needle aspiration (TBNA) and 
endoscopic ultrasound-guided fine-needle aspi-
ration (EUS-FNA), mediastinoscopy is still the 
golden standard for mediastinal lymphadenopa-
thy diagnosis (8-11). However, the cytologic 
examination of lymph node sampling by medi-
astinoscopy may, indeed, be insufficient in gran-
ulomatous lymphadenitis differential diagnosis 
(12). Clinical and radiological correlation by a 
pathologist is recommended at this stage (12). 
Tuberculosis diagnosis can be ensured by tissue 
culture obtained from lymph node sampling by 
mediastinoscopy (13). There are various studies 
concerning the results of EBUS and diagnostic 
mediastinoscopy in the literature (3,9,11). There 
is no other study which examines the histopat-
hological and bacteriological results of a homo-
genous group diagnosed with histopathological 
granulomatous mediastinal lymphadenitis by me-
diastinoscopy with the exception of Cameron’s 
study in 1978 (3). Aim of this study was to asses 
the contribution of the tissue culture in diagnosis 
of TB, in addition to the histopathological exami-
nation of the granulomatosis lymphadenopathy 
by mediastinoscopic biopsy. 

PATIENTS AND METhODS 

Between January 2005 and January 2010, stan-
dard cervical mediastinoscopy was applied on 

153 cases with diagnostic purposes due to me-
diastinal lymphadenopathy and 92 cases, which 
showed granulomatous lymphadenitis histo-
pathology after cervical mediastinoscopy, and 
whose clinical, radiological, and bacteriological 
definitive diagnosis was TB or sarcoidosis. The 
case files were analyzed retrospectively accord-
ing to pathology interpretations. Tuberculosis or 
sarcoidosis provisional diagnosis of the patholo-
gist was registered. All the patients had a chest 
roentgenogram and thorax computed tomog-
raphy scan (Figure 1) together with fiber optic 
bronchoscopy examination. Mediastinal TB was 
defined as isolated mediastinal lymphadenopathy 
on thorax computed tomography scan without 
parenchymal or pleural disease. Acid resistant 
bacilli (ARB) condensation and culture were 
studied both on phlegm and bronchoscopic la-
vage samples. Cases were excluded if they had 
positive result of sputum bacteriology. Standard 
cervical mediastinoscopy was applied in op-
eration hall under the general anesthesia as de-
scribed by Carlens (15). Multiple biopsies (at 
least 3 punch biopsies) were performed during 
mediastinoscopy to the lymph nodes with a short 
diameter of 1 cm or bigger which were detected 
by thorax computerized tomography. The results 
of lymphatic tissue culture sampled during me-
diastinoscopy were analyzed. Patient’s samples 
were cultured in liquid automated BACTEC 960 
system (Becton Dickinson, Sparks, MD, USA) 
and solid Löwenstein-Jensen (LJ) medium (Salu-
bris AS/Istanbul/Turkey). Samples were incubat-

Figure 1. Thorax computed tomography scan: right paratracheal 
lymph node (culture- positive tuberculous lymphadenitis). There 
is no evidence of parenchymal disease (Sevinç, 2009)

Sevinc et al. Tuberculous mediastinal lymphadenitis
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ed until the determination at the BACTEC instru-
ment and/or growth at the LJ medium. Negative 
samples were incubated at 37 °C for up to 42 
days. Conventional bacteriological methods and 
the BACTEC 460 NAP test (Becton Dickinson, 
Sparks, MD, USA) were used for Mycobacteri-
um tuberculosis complex identification.
In tissue samples, the detection of growth in LJ 
culture and BACTEC system medium was consi-
dered as positive and the detection of epithelioid 
histiocyctic granulomatous reaction regardless of 
classification necrosis was accepted as histopat-
hological positivity in terms of TB.  
Tuberculosis detected patients were treated with 
pyrazinamide, isoniazid and rifampicin for two 
months. After two months, these patients were 
observed on the regimen of rifampicin and isoni-
azid for another four to six months. In sarcoidosis 
patients 20-40 mg/day prednisone was used in de-
creased doses for at least 12 months. Patients were 
reviewed regularly in the outpatient department 
every month. The follow up time ranged from six 
to 20 months after completion of the treatment. 
Clinical and radiological outcome was recorded.
The study was approved by the Scientific Council 
of Izmir Dr. Suat Seren Chest Disease and Thora-
cic Surgery Training and Research Hospital.  
Descriptive statistics were applied. 

RESuLTS 

Cervical mediastinoscopy was applied on 153 
patients for diagnosis of mediastinal lymphade-
nopathy between January 2005 and January 2010. 
Histopathological diagnosis of mediastinal lymph 
nodes biopsy was reported as “granulomatous 
lymphadenitis” in 92 (60%) cases, 65 (71%) of 
which were females and 27 (29%) of which were 
males. The average age of the patients was 42.5 
ranging from 15-75 years. Tuberculosis was diag-
nosed in 32 % (29/92) of the cases and the rate of 
ARB culture positivity in tissues was 38% (11/29). 
Examining the histopathological results the patho-
logist reported TB in 39 cases and sarcoidosis in 
45 cases. However, histopathological differential 
diagnosis was not applied in eight patients.  Two 
(25%) of these cases were diagnosed with TB after 
the detection of culture positivity (Table 1). 
An examination of histopathological specimens, 
necrotizing granulomatous lymphadenitis and non-

necrotizing granulomatous lymphadenitis were 
observed in 34 (37%) and 58 (63%) cases, respec-
tively. Tuberculosis was diagnosed in 21 (62%) 
cases of necrotizing granulomatous lymphadenitis 
and in eight (14%) cases of non-necrotizing gra-
nulomatous lymphadenitis. Culture was positive in 
11 patients (nine cases were necrotizing granulo-
matous lymphadenitis, two were non-necrotizing 
granulomatous lymphadenitis) (Table 2). The pa-
tients were hospitalized for two days in average. 
Pneumothorax emerged in one case and it resorbed 
without drainage tube. No mortality was registered.

Histopathologycal 
preliminary diagnosis

No (%) of cases
Definitive 

diagnosis of 
sarcoidosis*

Definitive 
diagnosis of 

tuberculosis*

Culture 
positive

Tuberculosis (n=39) 16 (41%) 23 (59%) 9 (23%)
Sarcoidosis (n=45) 42 (93%) 3 (7%) 0
Lack of differential 
diagnosis (n=8) 5 (62.5%) 3 (37.5%) 2 (25%)

Total (n=92) 63 (68%) 29 (32%) 11 (12%)

Table 1. Contribution of bacteriological results on diagnosis of 
cases that were histopathologically preliminarily diagnosed 
as tuberculosis/sarcoidosis

*final diagnosis of tuberculosis/sarcoidosis made after clinical, radio-
logical, histopathological and bacteriological examination;

No (%) of cases

Finding
Definitive 

diagnosis of 
sarcoidosis*

Definitive 
diagnosis of 

tuberculosis*

Culture  
positive 

Necrotizing granulomatous 
lymphadenitis n= 34 (37%) 13 (38%) 21 (62%) 9 (26%)

Non-necrotizing ranulomatous 
lymphadenitis n=58 (63%) 50 (86%) 8 (14%) 2 (3%)

Total n=92 (100%) 63 (68%) 29 (32%) 11 (12%)

Table 2. Granulomas characteristics of cases whose clinical, 
radiological and bacteriological definitive diagnosis was 
tuberculosis or sarcoidosis and tissue culture results

*final diagnosis as tuberculosis after clinical, radiological, histopat-
hological and bacteriological examination

DISCuSSION 

Sarcoidosis, tuberculosis, cat-scratch disease, 
lymphogranuloma venerum, brucella, paracocci-
dioidomycosis, histoplasmosis, leishmaniosis, 
leprosy, foreign body granulomas (talk, silica) 
and granulomas accompanying malignancies are 
among the causes of granulomatous lymphadeni-
tis (16). The histopathological appearance of tu-
berculosis and sarcoidosis may sometimes show 
similar characteristics and bacteriological exami-
nation and clinical correlation gain importance in 
final diagnosis (17-19). 
Bacteriological identification of mycobacterium tu-
berculosis ensures the definitive diagnosis of tuber-
culosis (5). Smear-positive pulmonary tuberculosis 
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cases can easily be diagnosed, whereas it is much 
more difficult to conclude a diagnosis on smear-ne-
gative pulmonary tuberculosis and extrapulmonary 
tuberculosis cases (5). Tuberculosis can be diagno-
sed showing ARB in body fluid or tissues by direct 
inspection or condensation or producing tubercu-
losis culture in culture media (6). But the diagno-
stic yield of sputum examination is low in patients 
without lung lesions (6). In addition to the top pri-
ority method, bacteriological method, indication of 
typical histopathological change in tissue, which is 
caused by tuberculosis basil, can also be used in 
diagnosis (21). Although many studies concerning 
the diagnostic value of histopathological examina-
tion of tissue samples have been conducted, there 
are still few studies regarding the diagnostic value 
of tissue sample cultures (6). The diagnostic value 
of histopathological examination was rated high in 
most of the studies, while tissue culture diagnostic 
value was rated higher in some studies (22). Gene-
rally, it is acknowledged that referring to tissue cul-
tures in addition to histopathological examination 
increases the diagnostic rate (23). 
There exist some studies including the transbron-
chial needle aspiration (TBNA), endobronchial 
sonographically guided transbronchial needle as-
piration (EBUS-TBNA), endoscopic ultrasound-
guided fine-needle aspiration (EUS-FNA), me-
diastinoscopic biopsy results for mediastinal 
lymphadenopathy diagnosis (3,9,10,24,25). The 
study conducted by Caglayan et al. was an EBUS 
study in which granulomatous lymphadenitis cases 
were compiled (9). Sarcoidosis/tuberculosis was 
diagnosed with the existence of non-caseificated 
granulomas/caseification detection in addition to 
the clinic and radiological findings in this study. 
EBUS-TBNA diagnostic value was numbered 
79.5%, 84.2% and 80.9% in sarcoidosis, tubercu-
losis and granulomatous diseases (9). Jacob et al. 
stated that only 37 of 160 mediastinal tuberculosis 
cases were diagnosed by mediastinoscopy. It is rec-
ommended in this study that diagnosis can be made 
by family history and anamnesis and antitubercu-
loid treatment can be initiated for trial purposes 

(26). Characteristic histopathological morphologic 
finding of sarcoidosis is noncaseating granulomas 
(27). Granulomas rarely include focal coagulative 
necrosis. On the contrary, seeing common caseifici-
aton necrosis granulomas is a characteristic feature 
of tuberculosis (27). However, it would be wrong 
to name characteristic morphological finding un-
less clinical, radiological and microbiological ex-
aminations show consistency both in sarcoidosis 
and tuberculosis (27,28). In the presented study, 
62% of the cases with necrotizing granulomatous 
lymphadenitis were diagnosed with TB, 26% of 
which were culture positive. Additionally 14% of 
non-necrotizing granulomatous lymphadenitis cas-
es were diagnosed with TB and culture positivity 
was detected in 3% of the cases with non-necrotiz-
ing granulomatous lymphadenitis. In the study of 
Cameron in 1978 (14), which is the most similar 
to our study, 14 cases were diagnosed with tuber-
culosis as a result of lymph node biopsy by medi-
astinoscopy and tuberculosis culture positivity was 
identified in 64% patients. Positive culture rate was 
38 % in TB diagnosed cases in our study.  
Tuberculosis is a global problem, with 9.4 milli-
on new cases in 2008 and a high mortality rate of 
1.8 million deaths a year (26). Definitive diagno-
sis is very important since there is a difference in 
treatment modalities between these two diseases; 
especially as tuberculosis is an infectious disease 
and may cause mortality if it is left untreated (29).
According to the results of this study, tissue cul-
ture which is obtained from operation materials, 
in particular, is of great importance to guide the 
clinicians in order to differentiate tuberculosis 
and sarcoidosis, especially in the countries where 
tuberculosis prevalence is high. 
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ABSTRACT

Aim To determine if obese asthmatics represent a distinct clinical 
phenotype than non-obese and the level of asthma control in obese 
asthmatics.

Methods The study was conducted in the pulmonary clinic of the 
Department of Pulmonary Diseases, Osijek University Hospital 
Centre during 201, on 201 outpatients with asthma, who came to 
a regular examination. Each patient underwent a clinical exami-
nation with an extensive anamnesis and lung auscultation. During 
the examinationIanninternally made questionnaire, spirometry, 
fractional exhaled nitric oxide (FeNO), Asthma Control Test and 
Asthma Control Questionnaire were used to estimate the level of 
asthma control, wheread the Hospital Anxiety and Depression sca-
le was used to estimate the presence of mood disorderd. 

Results The severity of asthma was increased in obese patients. 
There was no significant difference in the number and frequency 
of hospitalizations in obese compared to non-obese asthmatics. 
Non-obese asthmatics had more frequent visits to their general 
practitioner/Emergency medical services (GP/EMS) during the 
last month compared to obese asthmatics, which is a new finding 
inconsistent to any study conducted before. Obese asthmatics had 
more symptoms and had them almost every day. Lung function of 
obese asthmatic was worse compared to non-obese, especially in 
women. Values   of exhaled nitric oxide showed no significant dif-
ference for obese asthmatics. No significant difference in intake of 
corticosteroids or combination therapy was found. Obese patients 
with asthma had more frequent and multiple comorbidities.

Conclusion Results confirmed that obese asthmatics represent a 
different phenotype of asthma, more severe and poorly controlled.

Key words: depression, anxiety, severity, body mass index
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INTRODuCTION 

Recent literature suggests that asthma is different 
in the obese from the normal weight asthmatics. 
Obesity affects lung mechanics and has significant 
effects on asthma control and response to medica-
tion. These differences may justify adding a new 
phenotype – obesity-associated asthma (1). Studi-
es of risk factors for adult asthma have concluded 
that increased body mass index is, among others, 
a significant risk factor for asthma, independent 
of gender and allergic status (2). Obesity has be-
come a serious health problem due to changes in 
eating habits and decreased physical activity (3). 
Although asthma may promote weight gain thro-
ugh an increased sedentary life style and occasio-
nal use of oral corticosteroids, this does not fully 
explain the association of asthma and obesity in 
the majority of patients. Relative risk of asthma 
in obesity ranges from 1.0 to 3.5 (1). Obesity has 
been reported to be associated with asthma (6-8), 

but a convincing relationship between asthma and 
obesity has not been recognized yet. The physio-
logical changes associated with obesity can con-
tribute to respiratory symptoms, and these should 
be differentiated from those caused by asthma. 
Obesity can possibly influence the development 
of asthma through genetic, hormonal, neurogenic 
or mechanical influences (9). Recent investigati-
ons regarding genetic base for these two disorders 
have identified polymorphisms in specific regions 
of chromosomes 5q, 6p, 11q13 and 12q (8). Also, 
adipose tissue in obese people secretes regulatory 
adipokines, chemokines, acute phase proteins and 
energy regulating hormones including leptin (8). 
Elevated leptin levels in obese may be important 
to systemic inflammation (8,9). It is well known 
that C-reactive protein (9), IL-6 (10) and tumor ne-
crosis factor-alfa (11) are increased in the plasma 
of obese patients. All adipokines have a proinfla-
mmatory effect, leading to an association between 
obesity and chronic inflammation. Adipokines 
may alter T helper 1 (Th1)–T helper 2 (Th2) ba-
lance, immune tolerance, lung development, ai-
rway smooth muscle and airway responsiveness, 
which are associated with asthma development. 
The mechanical effect of obesity on the chest and 
abdominal wall affects respiratory function, and 
may increase the work of breathing. That reduces 
lung volume and airway diameter and increases 
asthma (8). Smaller lung volumes and increased 

breathing frequency may cause an increase in ai-
rway smooth muscle shortening with enhanced 
airway hyperresponsiveness. Finally, obesity is 
a risk factor for obstructive sleep apnea and ga-
stroesophageal reflux disease (12). Taken together, 
these data raise the possibility that the relationship 
between obesity and asthma may be mediated, at 
least by overlapping or interacting pathogenic me-
chanisms. Obesity may directly affect the asthma 
phenotype by mechanical effects including airway 
latching and increasing in airway resistance and 
responsiveness to methacholine (13). Obese asth-
matics represent a specific asthma phenotype (14). 
It is associated with low lung volumes breathing 
and a less eosinophilic inflammatory process (15). 
Moreover, obese patients referred for severe asth-
ma (16,17) often seem to have poorly controlled 
asthma (18,19) and show a reduced response to 
standard controller therapy (20-22). Obesity as a 
risk factor for difficult-to-control asthma increa-
ses the risk of incident asthma (19). This theory 
of a new phenotype includes the fact that weight 
loss is associated with a significant reduction of 
asthma symptoms (4,23). In the last few years, se-
veral asthma phenotypes have been described, but 
were not put into the use in everyday clinical prac-
tice. Guidelines for asthma therapy generally use 
a “one size fits all” approach, so that phenotypic 
details are not used in treating patients (2). This 
approach works well in the majority of patients. 
However, when an asthmatic reaches a specialist, 
it is often because the response to “commonly used 
asthma therapies” has not been adequate. A better 
understanding of the complexities of the disease 
and its presentation are required (24), as well as 
developing new therapies specifically targeted to 
this unique patient population – obesity-associated 
asthma phenotype. 
The aim of this study was to determine if obe-
se asthmatics represent a different phenotype of 
asthma than non-obese.

PATIENTS AND METhODS 

A total number of 201 outpatients were included, 
obese and non-obese asthmatics, who came for a 
standard outpatient pulmonology visit in tertiary 
care in the pulmonary clinic of the Department of 
Pulmonary Diseases, Osijek University Hospital 
Centre. The data was collected between January 
2012 and January 2013. At first, 284 patients in-
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cluded, but 83 patients (29.2%) excluded who did 
not satisfy the required criteria. Participants were 
eligible if they had a newly physician-diagnosed 
asthma with airway responsiveness to methacho-
line 16 mg/mL, adults older than 18, obese (body 
mass index- BMI, over 30 kg/m2) or non-obese 
(BMI between 18.5–24.9 kg/m2) according to the 
criteria of the current international classification 
(25). The bronchoprovocation test to metacholin 
was considered positive if there was an increase 
in forced expiratory volume in 1 second (FEV1) of 
more than 12% and more than 0.2 L or an incre-
ased in maximal expiratory flow at 50% (MEF50) 
more than 25% and more than 0.2 L. The patients 
who were only overweight but not obese, with 
respiratory diseases other than asthma were exc-
luded. Patients could have comorbidities such as 
rhinitis, nasal polyposis, sinusitis, pneumonia, di-
abetes or cardiovascular disease. Each patient was 
subjected to a detailed anamnesis and subjective 
symptoms were evaluated: daily and nocturnal 
asthma symptoms like cough, shortness of breath, 
wheezing, production of mucus and waking up or 
walking at night. Family and social history (living 
conditions, exposure to dust mites, molds, pets, 
tobacco smoke, level of education, employment, 
etc.) was recorded.  Each respondent was asked 
about physical activity and possible inability to 
perform daily school or work obligations, and the 
data about regular medication use. 
After evaluating the severity of the symptoms, a 
clinical examination with lung auscultation was 
made. Pulmonary function of asthma patients was 
measured by spirometry which was repeated three 
times. The evaluation was based on the best values 
of 3 acceptable attempts before, and 20 minutes 
after the application of salbutamol 0.4 mg through 
inhalation, which is equivalent to the standard test 
(26). Evaluated spirometry parameters wer: forced 
vital capacity (FVC), forced expiratory volume in 
1st second (FEV1), ratio of forced expiratory volu-
me and vital capacity x100 (Tiffeneau index) and 
the peak expiratory flow rate (PEF). Obstructive 
ventilatory disorder was considered if the results   
were expressed as the standard value in relation 
to the reference according to The European Co-
mmunity of Coal and Steel/European Respiratory 
Society (ECCS/ERS) standards (27). Furthermo-
re, measurement of nitric oxide (NO) in exhaled 
air (FeNO) chosen as an objective parameter of 

eosinophilic inflammation in the airway, has been 
done in the Department of Pulmonology in Osijek 
University Hospital Center (Ninox Mino, Medi-
soft, Belgium) (28). FeNO test considered positive 
if the value was 25 ppb or more. After examina-
tion, spirometry and FeNO, each patient was gi-
ven four self-assessment instruments, which were 
completed in a random order, and the respondents 
could consult the examiner about any ambiguities. 
General socio-demographic, psychosocial data 
and variables and data relevant for asthma phe-
notype were gathered using a questionnaire about 
general and psychosocial dat, made internally for 
this study. The collected dataeinclude: age, gender, 
body mass index (BMI), employment and mari-
tal status, smoking, atopic status, socioeconomic 
status, atopy, family history of asthma, provoking 
factors, occurrence and duration of illness, deteri-
oration, doctor visits or hospital services, hospi-
talization, earlier mental disorders and comorbid 
diseases, and drug use. Each patient was tested on 
subjective symptoms that make up a significant 
portion of the indicators of asthma control and 
satisfaction with the quality of life. We evalua-
ted the day and night symptoms as follows: early 
morning cough, shortness of breath, wheezing, 
short or rapid breathing, chest pressure, creating 
sewage which is difficult to release and wake up 
and walk at night. Using the reported subjective 
symptoms of asthma and information of taking 
the recommended therapy, patients were classified 
into one of four groups of intensit, according to 
the International scale of intensity (2): intermittent 
asthma, mild persistent, moderate persistent and 
severe persistent asthma. Hospital Anxiety and 
Depression scale (HAD) (29) was used to measure 
anxiety and depression symptoms. It consists of 
14 claims, 7 of which are related to anxiety and 
7 to depression. The value 7 or less on the HAD 
scale was taken as normal, 8-10 indicated presence 
of anxiety and depression symptoms, and a value 
of 11 or more a definitive presence of anxiety and 
depression symptoms. 
Two questionnaires were used for the evaluation of 
asthma control: Asthma Control Test-ACT (30) and 
Asthma Control Questionnaire (ACQ) - Juniper’s 
test (31). The ACT test includes five questions 
(shortness of breath, asthma control score by res-
pondents, use of medications, activity limitations 
due to asthma and nocturnal asthma symptoms) for 
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getting the result on the scale of 5-25, and thereby 
gain insight into the disease and control measures 
needed for its improvement. The Asthma Control 
Questionnaire (ACQ) - Juniper’s test measures the 
adequacy of asthma treatment according to interna-
tional guidelines. It consists of seven counts: five 
counts related to the symptoms, the use of a bron-
chodilator and a value of FEV1% predicted compa-
red to the norm value. All participants gave written 
informed consents. The research was approved by 
the Ethics in Research Committee of the Osijek 
University Hospital Center and researchnwas con-
ducted according to the Helsinki guidelines.
To describe numerical figures, basic measures of 
the medium and scattering was used. A normali-
ty of distribution of the observed numerical vari-
ables was tested by Kolmogorov-Smirnov’s test. 
Categorical variables were described in absolute 
and relative frequencies. Kruskal-Wallis’s test was 
used for comparing more than two independent 
groups. Differences between categorical variables 
were tested with χ2-test or Fisher’s exact test. For 
assessing the importance of the results, the level of 
the importance of alpha = 0.05 was chosen. 

RESuLTS

The study included 201 asthmatic participants, 
126 (62.7%) of which were obese. Obese asth-
matics were more frequently less educated, 40 
(31.3%), compared to non-obese (p=0.028). 
Most of obese patients had moderate persistent 
asthma, 34 (27%) (p=0.046) compared to non-
obese asthmatics, 11 (14.7%) (Table 1). 

EMS) because of asthma during the last month 
(p=0.020) (Table 2). 

No (%) of patients
Body Mass Index

Total pNormal weight 
asthmatics

Obese
asthmatics

Asthma severity score
Intermittent 8 (10.7) 21 (16.7) 29 (14.4)

0.046
Mild persistent 47 (62.7) 64 (50.8) 111 (55.2)
Moderate persistent 11 (14.7) 34 (27) 45 (22.4)
Severe persistent 9 (12) 7 (5.6) 16 (8)

Table 1. Asthma severity according to Global Initiative for 
Asthma (GINA) guidelines

No (%) of patients
Body Mass Index

Total pNormal weight 
asthmatics

Obese 
asthma-

tics
Frequency of asthma symptoms
2 times a year 93 (60.8) 28 (58.3) 121 (60.2)

0.94610 times a year 41 (26.8) 14 (29.2) 55 (27.4)
Almost every day 19 (12.4) 6 (12.5) 25 (12.4)
Number of hospitalizations because of asthma
None 63 (84) 103 (81.7) 166 (82.6)

0.291Once 8 (10.7) 9 (7.1) 17 (8.5)
More times 4 (5.3) 14 (11.1) 18 (9)
Visiting GP/EMS because of asthma during last month
No 22 (40.5) 69 (60.4) 91 (45.3)

0.020Yesting GP/EMS 
because of asthma 
during lasth month

91 (59.5) 19 (39.6) 110 (54.7)

FEV1 before bronchodilator and FEV1% predicted value
FEV1 before broncho-
dilator 3 (1.1) 2.7 (1) 0.042

FEV1% predicted 
value 3.1 (0.8) 2.8 (0.7) 0.009

Table 2. Frequency of asthma symptoms, number of hospi-
talizations, general practitioner/emergency medical services 
(GP/EMS) visits because of asthma during the last month and 
values of forced expiratory volume in 1st second (FEV1)

There was no significant difference in number 
and frequency of hospitalizations between obese 
and non-obese asthmatics, although obese asth-
matics had asthmatic attacks almost every day 
(p=0.017). On the contrary, a larger number of 
non-obese asthmatics, 91 (59.5%) visited gene-
ral practitioner/emergency medical services (GP/

Early morning or persistent cough, wheezing and 
chest pressure were more common in obese pa-
tients, but not statistically significant. Regarding 
the symptoms, in the group of obese asthmatics 
the most common symptom was creating a secre-
tion difficult to expel (p=0.011). Waking up and 
walking at night was more present in non-obese 
asthmatics. Asthma interfered somewhat more 
with the daily activities of the obese in compari-
son to subjects with normal body weight, but this 
is not statistically significant (p=0.197).
Lung function was lower in obese asthmatics 
compared to non-obese. There were signifi-
cantly lower values of FEV1 before broncho-
dilator (p=0.042) and FEV1% predicted values 
(p=0.009) in obese compared to non-obese asth-
matics (Table 2).  FEV1 values before broncho-
dilator (p<0.001) and FEV1% predicted values 
(p<0.001) were significantly lower in females. 
Comparing these two groups there was no dif-
ference in FeNO values.According to the ACQ 
test, more obese asthmatics had poor and very 
poor asthma control, but when comparing obe-
se to non-obese asthmatics the difference was 
not statistically significant (p=0.036). According 
to the ACT test, uncontrolled asthma was more 
prevalent in obese asthmatics, but the differen-



53

ce was not significant (p=0.014). In the group of 
obese asthmatics, ACT test differed significantly 
between genders. Statistically more females 16 
(47.1%) had uncontrolled asthma compared to 
males (p=0.014) (Table 3). 

DISCuSSION 

In this study, among 201 asthmatics recruited, 
the greater part (62.7%) were obese. The height 
and weight for all respondents was measured to 
get the correct BMI result to avoid classification 
bias and did not rely on self-reported measure-
ments (25). It is not the best measure of adiposi-
ty, particularly if looking at the effects of obesity 
on the lungs, because there may be some gender 
differences between muscle and fat distribution, 
so maybe it is better to use alternative measures 
of abdominal adiposity to look at the effects on 
pulmonary function. The BMI was used only 
for practical purposes because BMI is by far the 
most commonly used measure of obesity (25). 
Obesity-associated asthma has been reported 
more in women (2,5,24) in most studies, but not 
in all (26). According to our results, obesity-asso-
ciated asthma was not more prevalent in women, 
it was nearly the same in both obese and non-
obese women.
Most clinical trials found that obesity changes 
the severity of asthma, meaning that the asth-
ma severity increases with increasing BMI (2). 
According to our results, most of the obese pati-
ents had moderate persistent asthma. Asthma in-
cidence and frequency of hospital admissions for 
asthma are higher among women compared to 
men; women report more symptoms, especially 
dyspnea and have more bronchial hyperresponsi-
veness, and in general have more severe asthma 
than men (32,33). 

We did not confirm a significant difference in 
number and frequency of hospitalizations of obe-
se asthmatics, but our results showed that non-
obese asthmatics visited GP/EMS because of 
asthma during the last month significantly more 

No (%) of patients
Obese asthmatics

Total p
Males Females

Asthma control – ACT test
Controlled 2 (14.3) 11 (32.4) 13 (27.1)

0.014Good 9 (64.3) 7 (20.6) 16 (33.3)
Uncontrolled 3 (21.4) 16 (47.1) 19 (39.6)

Table 3. Asthma control according to Asthma Control Test 
(ACT) and gender

No (%) of patients
Body Mass Index

Total pNormal 
weight 

asthmatics

Obese 
asthmatics

Comorbidity
Diabetes 4 (2.6) 6 (12.5) 10 (5) 0.013
Arterial hypertension 32 (20.9) 25 (52.1) 57 (28.4) <0.001
Gastroesophageal 
reflux disease 8 (5.2) 7 (14.6) 15 (7.5) 0.031

Nasal polyposis 15 (9.8) 5 (10.4) 20 (10) 0.902
Sinusitis 17 (11.1) 9 (18.8) 26 (12.9) 0.216
Rhinitis 25 (16.3) 9 (18.8) 34 (16.9) 0.665

Table 4. Comorbidities in obesity-associated asthma

No (%) of patients
Body Mass Index

Total pNormal weight 
asthmatics Obese asthmatics

Age of asthma onset
<12 29 (38.7) 17 (13.5) 46 (22.9)

<0.001
12 – 18 6 (8) 11 (8.7) 17 (8.5)
19 – 30 14 (18.7) 28 (22.2) 42 (20.9)
< 30 26 (34.7) 70 (55.6) 96 (47.8)
Family history of asthma
Yes 34 (45.3) 36 (28.6) 70 (34.8)

0.021
No 41 (54.7) 90 (71.4) 131 (65.2)

Table 5. Obesity-associated asthma – late onset in non-atopic 
individuals

There was no difference in treatment due to we-
ight. Inhaled corticosteroids were used more 
frequently in the group of non-obese asthmatics 
and oral bronchodilators in the group of obese, 
but not significantly (p=0.359). 
According to comorbidities, significantly more 
obese asthmatics had diabetes (p=0.013), hyper-
tension (p<0.001) and gastroesophageal reflux 
(p=0.031) (Table 4). According to the results of 
HAD scale, anxiety was more prevalent in obe-
se asthmatics, 22 (45.8%) than in non-obese, 56 
(36.6%). Depression as comorbidity, ranked  high 
second place and it was significantly more preva-
lent in obese asthmatics, 17 (35.4%) than in non-
obese, 27 (17.6%) (p=0,009).

In both groups, an equal number of respondents 
were smokers. But if we look only at the group 
of obese asthmatics, males smoked significantly 
more cigarettes per day (p=0.012).
Most respondents had had asthma for more than 
5 years, but it started after they had reached their 
30-ties and there was no family history of asthma 
in those patients (Table 5).
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than obese patients. We did not find any similar 
data in studies conducted so far. 
According to the results of HAD scale, obese 
asthmatics are more depressive than non-obese. 
That could be the reason why obese asthmatics 
visited GP/EMS far less than non-obese asthma-
tics. Because of their depression, they could be 
less motivated for taking care of their asthmatic 
problems. Obesity and depression together per-
haps make them more tired or just lazier to note 
their symptoms. 
We monitored the patients using of short-acting 
beta-agonist (SABA) with ACT and Juniper’s test 
and we noticed that obese use SABA less frequent 
than non-obese asthmatics, although they have 
more severe symptoms. This result supports our 
theory that obese asthmatics are less interested or 
too tired to take proper care of their illness. 
 The most common symptom in obese asthmati-
cs was creating mucus difficult to expel, which 
can be explained through mechanical effects of 
obesity on lungs. This result also confirms that 
asthma in non-atopic adults is likely caused by 
obesity and its effects.
Bronchial asthma is characterized by reversible 
airway obstruction and obesity has various effects 
on lung function (34), which is lower and worsen 
in obese patients (35). The primary effect of obe-
sity on lung function is a reduction in functional 
residual capacity (FRC) and a reduced expiratory 
reserve volume (ERV) (1,36). These reductions 
are detectable even with a modest increase in we-
ight and that occurs because of chest wall restric-
tion. Obesity also causes a reduction of both FEV1 
and FVC with a preserved FEV1/FVC ratio (14). 

Also, asthmatics have higher breathing frequen-
cies and reduced tidal volumes (7), reduction in 
lung volumes and increased oxygen cost of breat-
hing (36,37). It has been previously reported that 
obese non-asthmatics have lost the protective ef-
fect of a deep inspiration observed in non-obese 
non-asthmatics (37). Although it is noticed that 
lung volumes are reduced and asthma symptoms 
are increased in obesity, airflow obstruction and 
airway hyper responsiveness are not altered (4). 

These results are consistent with ours.
Obesity has a significant effect on asthma control. 

Our results showed that obese asthmatics have poo-
rer asthma control than non-obese, which is consi-

stent with findings of Lavoie (18) and Saint-Pierre 
(19). Several investigations found poorer control 
of asthma in obese despite good medication (20-
22). Taylor (16) showed that obese individuals with 
asthma had more severe symptoms and increased 
medication use, and Vortmann and Eisner (37) 
found that obese asthmatics had increased symp-
toms and decreased quality of life but not increa-
sed emergency health care utilization. Mosen (17) 
showed that obesity had significant adverse effects 
on symptoms, medication use, and quality of life, 
and that obese individuals with asthma had a 4.6-
fold increased risk of hospitalization for asthma 
compared with non-obese individuals with asthma. 
Poor asthma control in obese individuals could 
have been due to their having an altered percep-
tion of asthma symptoms. However, Lessard (14) 
found no significant difference in asthma symp-
tom perception between individuals in both groups 
with the same degree of bronchoconstriction. A di-
fferent phenotype of asthma, reduced response to 
treatment, or more severe asthma could explain the 
poorer asthma control in obese asthmatics. Kajbaf 
(38) found a statistical association between obesity 
and the prevalence of current wheezing, night cou-
gh and exercise-induced wheezing. The main goal 
of asthma treatment is to achieve adequate control 
of the disease, as reflected by minimal symptoms 
and rescue bronchodilator use, no nighttime symp-
toms, normal daily activities, rare and mild exacer-
bations and optimal pulmonary function (39). Re-
duced asthma control may be related to the effects 
of obesity in itself on asthmatic airways, to the con-
tribution of obesity-related comorbid conditions, or 
reduced response to medication. Obesity causes re-
duced response to asthma medications such as in-
haled corticosteroids (ICS) and to a combination of 
ICS and a long-acting bronchodilator (21,22) and 
worsens asthma control with theophylline (20). 
The mechanisms underlying this reduced response 
to various medications remain to be determined. 
An obvious therapeutic intervention that should 
be evaluated is weight loss, which improves asth-
ma symptoms and lung function (as measured by 
FEV1, FVC, and peak flow), spirometric values, 
asthma control and reduce its severity, as assessed 
mainly by medication needs (2,35) but not necessa-
rily in airflow obstruction or airway hyperresponsi-
veness (23). A better understanding of the pathoge-
nesis of asthma in the obese is needed to improve 
therapies for this population. 
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Asthma and obesity are often related to comorbid 
conditions such as gastroesophageal reflux (12) 

and sleep apnea which can result in dyspnea and 
wheezing and might be mistaken for asthma by 
patients and clinicians (40,41). These results are 
consistent with ours.
An elevated BMI has been proposed as a risk 
factor for atopy, the major risk factor for asthma. 
However, studies show that association between 
asthma and obesity is not mainly mediated throu-
gh atopy – association was found among subjects 
with both positive and negative skin- prick results 
(42). A family history of asthma was a significant 
risk factor (43). Our results confirm the theory of 
later onset of asthma in the non-atopic individual 
which is likely caused by obesity.
The association between asthma and smoking is 
unclear. Several studies have shown smoking at 
any time or ex-smoking status to be associated 
with asthma (44). It is not clear whether or not 
the subjects experienced their onset of asthma 
before or after they had stopped smoking. One 
study found only ex-smoking status to be a signi-
ficant risk factor for asthma. 
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Hrvatska

SAŽETAK

Cilj  Odrediti pripadnost pretilih astmatičara u poseban klinički fenotip u odnosu na astmatičare nor-
malne tjelesne mase i razinu kontrole astme u pretilih astmatičara. 

Metode  Istraživanje je provedeno na 201 bolesniku s astmom, koji su se javili na redovni pregled u 
pulmološku ambulantu Odjela za pulmologiju Kliničkog bolničkog centra Osijek, tijekom 2012. godi-
ne. Svaki ispitanik podvrgnut je detaljnom kliničkom pregledu s opsežnom anamnezom i auskultacijom 
pluća. Tijekom ispitivanja korišten je interno napravljen upitnik, spirometrija, test frakcije izdahnutog 
dušikovog oksida, test kontrole astme, upitnik o kontroli astme za procjenu kontrole bolesti, te hospital-
na ljestvica anksioznosti i depresije za određivanje prisutnosti poremećaja raspoloženja. 

Rezultati  Težina astme je bila povećana u pretilih ispitanika. Nije ustanovljena statistički značajna 
razlika u broju i učestalosti hospitalizacija pretilih ispitanika u odnosu na ispitanike normalne tjelesne 
mase. Astmatičari normalne tjelesne mase češće su posjećivali liječnika obiteljske medicine/hitnu medi-
cinsku pomoć tijekom proteklog mjeseca u usporedbi s pretilim astmatičarima, što je potpuno oprečno 
rezultatima dosad provedenih istraživanja. Pretili astmatičari imali su više simptoma astme i to gotovo 
svakodnevno. Plućna funkcija pretilih astmatičara bila je lošija u usporedbi s astmatičarima normalne 
tjelesne mase, osobito u žena. Nije bilo značajnih razlika među vrijednostima testa frakcije izdahnutog 
dušikovog oksida. Nije bilo značajne razlike u korištenju kortikosteroidne ili kombinirane terapije. Pre-
tili ispitanici s astmom imali su češće i brojne prateće druge bolesti.

Zaključak  Rezultati potvrđuju da pretili astmatičari čine zaseban fenotip astme, teži i lošije kontrolirani.

Ključne riječi: depresija, anksioznost, težina, indeks tjelesne masee
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ABSTRACT

Aim To investigate the impact of some parameters of lung fun-
ction (forced expiratory volumen in 1 second - FEV1, forced vital 
capacity - FVC and ratio FEV1/FVC%) on survival in patients with 
advanced non-small cell lung cancer (NSCLC).

Methods It retrospectively analyzed data of 155 patients with 
NSCLC receiving second–line treatment in the Clinic for Lung 
Diseases, Clinical Center Nis, Serbia, from October 2009 to De-
cember 2012. Fifteen potential prognostic variables were subjec-
ted to univariate and multivariate analysis to investigate progno-
stic impact to survival.

Results Among the total of 155 patients, 124 (80%) were ma-
les. The most frequent was squamous carcinoma, 86 (55,5%). 
Mean FEV1 was 1.89 ± 0.71 L (61.8%), mean FVC 2.95 ± 0.8 
L (77.2%) and mean FEV1/FVC% was 63.6%. In a multivariate 
analysis using Cox regression hazard model (hazard ratio, HR), 
independent prognostic factors for overall survival (OS) were: 
FEV1 <50% of predicted HR= 4.513, 95% confidence interval 
(CI): 1.433-14.216 (p=0.010), performance status 2 (HR= 0.090, 
CI= 0.035-0.230 (p=0.000) and weight loss ≥5 % (HR= 0.162, CI= 
0.068-0.382 (p=0.000).

Conclusion FEV1 in patients with advanced NSCLC receiving 
chemotherapy is an important independent factor that can predict 
survival. There was close relationship between impaired lung fun-
ction and lung cancer patients survival.

Key words: lung neoplasms, spirometry, forced expiratory volu-
me, survival
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INTRODuCTION

Lung cancer is the leading cause of cancer death 
worldwide (1). Approximately 80% of these cases 
represent non–small-cell lung cancer (NSCLC) 
(2). The low cure rate for NSCLC can be attributed 
to the high rate of metastasis at diagnosis and ina-
bility of chemotherapy to cure metastatic disease 
(3). However, randomized trials and meta-analyses 
demonstrated that platinum- based chemotherapy 
increases survival, palliates symptoms, improves 
quality of life (QOL), and is cost effective (4).
Prediction of survival in case of advanced non-
small cell lung cancer (NSCLC), when patients 
have already received first line treatment, is criti-
cal to the decision of subsequent treatments. De-
fining prognostic determinants of NSCLC may 
help physicians to improve their decision-ma-
king for both clinical trials and routine practice 
(5). Many studies have reported predictive mo-
dels for survival in metastatic cancers (6). These 
models integrated a combination of clinical and 
biological factors (7). Biological characteristics 
such as lactate dehydrogenase (LDH) level or in-
terleukin 6 level have been correlated with poor 
outcome in metastatic cancer (8,9).
Patients with advanced NSCLC eventually expe-
rience disease progression and require second-line 
therapy. Very little knowledge is available about 
the prognostic factors in patients receiving second-
line chemotherapy (11). There is close relationship 
between obstructive lung disease and lung cancer. 
Smokers with reduced forced expiratory volumen 
in 1 second (FEV1) carry as much as five to six-
fold risk of lung cancer compared with smokers 
with normal lung function (12). In particular, spi-
rometry might play a very useful role in improving 
patient selection for targeted lung cancer screening 
or to predict response to therapy and survival (12). 
In a large prospective cohort of heavy smokers, it 
was demonstrated that even a relatively small re-
duction in FEV1% (predicted) is a significant pre-
dictor of increased lung cancer risk (13). In series 
of non-screened lung cancer cases, 80% had FEV1 
<90% predicted (13). Surgical resection remains 
the treatment of choice for early stage NSCLC, of-
fering the best prospect of longterm survival (14). 
Nevertheless, many patients have coexisted chro-
nic airflow limitation and/or diffusion impairment, 
which is associated with an increased risk during 
surgery (15). In patients with advanced NSCLC, 

factors essential to decision making are the extent 
of disease, weight loss, and performance status 
(PS), as these are the most predictive indicators of 
median patient survival time after undergoing sy-
stemic chemotherapy (16). Good performance sta-
tus, female sex, age ≤70 years, and cisplatin-based 
chemotherapy have been known to be predictive 
of favorable survival rates overall (17).
Approximately 40%–50% of patients in recent 
first-line trials received second-line treatment 
(18). Patients who appear more likely to recei-
ve second-line therapy are those with a good PS, 
female patients, and those with nonsquamous hi-
stology (19). Many patients who maintain a good 
PS and tolerate therapy without significant toxi-
cities will receive third-line therapy (20). Almost 
50% of the patients received chemotherapy in the 
last month of life, and 20% received systemic 
treatment in the last two weeks of the life (21). 
Recognition of prognostic factors in patients with 
advanced NSCLC candidates to receive chemot-
herapy, mainly second and third lines treatment, 
is fundamental to avoid futility of therapies (22).
The aim of this study is to investigate the impact 
of some parameters of lung function (FEV1, FVC 
and FEV1/FVC%) on survival in patients with 
advanced NSCLC and to compare importance of 
potential prognostic factors of survival.

PATIENTS AND METhODS

This study has shown a retrospective chart revi-
ew of patients who had undergone chemotherapy 
for NSCLC and collected data from patients with 
NSCLC of stage IIIB or IV and available spiro-
metry at diagnosis of lung cancer. Retrospective-
ly, 155 patients receiving second-line treatments 
were reviewed from October 2009 to December 
2012 at the Clinic for lung Diseases of the Clini-
cal Center Niš. The staging was decided accor-
ding to the seventh edition of Toumor Nodus 
Metastasis (TNM) classification of NSCLC (23).
Lung function was measured at baseline in all 
study participants by using a flow MasterLab, 
Yaeger, softver 2006 according to the American 
Thoracic Society/European Respiratory Society 
recommendations (24). The following values were 
evaluated: FEV1, forced vital capacity (FVC), and 
the ratio of FEV1 to FVC (FEV1/FVC).
Fourteen potential prognostic variables were chosen 
on the basis of previously published clinical trials.

Rančić et al. Pulmonary function in NSCLC
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The variables were divided to the following cate-
gories: age (<65 or ≥65 years), sex (male, female), 
performance status (PS) (ECOG 0-1, 2) (25), smo-
king (ever, never), weight loss ≥5% (yes, no), co-
morbidities (yes, no), number of meta localization 
(1, 2-4), histology (adenocarcinoma, non-adenio-
carcinoma), stage (IIIB, IV), first line chemothera-
py regimen (gemcitabin/cisplatin (GC), etoposide/
cisplatin (EP)), first line chemotherapy response 
(responders: complete response + partial response, 
non-responders: stable disease + progression of 
disease), secon -line chemotherapy regimen (gem-
citabin/cisplatin (GC), etoposide/cisplatin (EP), 
gemcitabin mono, paclitaxel/carboplatin, doce-
taxel mono, erlotinib), FEV1 (FEV1 ≥50% pre-
dicted, FEV1 <50% predicted), FVC (FVC ≥80% 
predicted, FVC <80% predicted), FEV1/FVC ratio 
(FEV1/FVC ≥70%, FEV1/FVC <70%).
Descriptive data are expressed as mean ± SD, and 
frequencies are expressed as numbers (%). Diffe-
rences between two groups were tested using the 
Student’s t test. Categorical variables were analy-
zed using χ2 test. Overall survival (OS) was calcu-
lated from the start of the first cycle of chemothe-
rapy to death from any cause or the date of the last 
follow-up. Progression free survival (PFS) was 
definied as the time between the first day of che-
motherapy and progression or death. Cumulative 
survival was analyzed by the Kaplan-Meier met-
hod and compared by log-rank test. A multivariate 
Cox proportional hazard model was used to iden-
tify prognostic factors. Statistical significance was 
accepted at the “p” values of less than 0.05 level. 
All patients signed informed consents before the 
treatment regarding the purpose and intent of the 
treatment and the need for information about the 
treatment to be used in professional and scientific 
purposes. Using and publication of the data from 
this study were approved by the Ethics Commi-
ttee of the Clinical Center of Nis.

RESuLTS

Second line treatmentnat the time of progression 
after the first line cisplatin-based chemotherapy 
was received by 155 patients. The median age of 
patients was 58.61 ± 7.860 with 124 (80%) ma-
les and 31 (20%) females. Among 155 patients, 
57 (36.8%) died and their mean age was 56.7 ± 
9.022 years; 48 (84,2%) were males. Survivors 
did not have significantly better performance sta-

Variables Total Survivor Non-sur-
vivor p

Age (years) 58.61 ± 7.860 59.68 ± 6.922 56.7 ± 9.022 0.025
Age (years) 
(No, %) 0.397

<65 128 (82.6%) 79 (80.6) 49 (86)
≥65 27 (17.4) 19 (19.4) 8 (14)
Gender (No, %) 0.318
Males 124 (80) 76 (77.6) 48 (84.2)
Females 31 (20) 22 (22.4) 9 (15.8)
Smoking (No, %) 0.456
Current 78 (50.3) 52 (53.1) 25 (43,9)
Former 64 (41.3) 38 (38.8) 27 (47.4)
Never 13 (8.4) 8 (8.2%) 5 (8.8)
Performance 
Status (No, %) 0.273

0 44 (28.4) 31 (31.6) 13 (22.8)
1 55 (35.5) 36 (36.7) 19 (33.3)
2 56 (36.1) 31 (31.6) 25 (43.9)
Performance 
Status (No, %) 0.127

Good (0 or 1) 99 (63.9) 67 (68.4) 32 (56.1)
Bad (2) 56 (36.1) 31 (31.6) 25 (43.9)
Weight loss ≥5% 
(No, %) 0.019

Yes 68 (43.9) 50 (51.0) 18 (31.6)
No 87 (56.1) 48 (49.0) 39 (68.4)
Comorbidity 
(No, %) 0.166

Yes 82 (52.9) 56 (57.1) 26 (45.6)
No 73 (47.1) 42 (42.9) 31 (54.4)
FVC (L) 2.95 ± 0.8 2.99 ± 0.80 2.88 ± 0.8 0.442
FVC% predicted 77.2 ± 12.7 76.6 ± 11.4 78.2 ± 14.6 0.453
FEV1 (L) 1.89 ± 0.71 1.91 ± 0.72 1.87 ± 0.70 0.740
FEV1% predicted 61.8 ± 18.6 61.1 ± 18.3 62.9 ± 19.1 0.578
FEV1/FVC (%) 63.6 ± 13.4 63.3 ± 13.4 64.2 ± 13.3 0.669

Table 1. Patient’s characteristics

tus than non-survivors (p=0.273). Never smokers 
were not more common in survivors (8.2% vs 
8.8%) (p=0.456) (Table 1), but weight loss ≥5% 
was frequently in survivors, 50 vs. 18 (51% vs. 
31.6%). Squmaous carcinoma was the most co-
mmon histologic type, 55% (86 pts). There were 
35 at stage IIIB and 120 at stage IV. (Table 2). 
Between survivors and non-survivors not signi-
ficant defferences were found in the number of 
meta localization, frequently used chemotherapy 
regimen for first or second line and response to 
the therapy. Mean FEV1 was 1.89 ± 0.71 L (61.8 
± 18.6%), but there was nt significant difference 
between survivors and non-survivors. Significant 
eifferences were not found among observed pati-
ents for FVC and FEV1/FVC ratio (Table 1).
The results of univariate analysis for PFS are sum-
marized in Table 3. Among fifteen variables eight 
had prognostic significance: PS (p=0.000), weight 
loss ≥5% (p= 0.000), comorbidities (p= 0.000), 
number of meta localization (p=0.005), first-line 
chemotherapy regimen (p=0.026), first-line therapy 



61

response (p=0.000), FEV1% predicted (p=0.000) 
and FEV1/FVC%, (p=0.000). In multivariate anal-
ysis using Cox regression hazard model, indepen-
dent prognostic factors for PFS were performance 
status (mean 11.4 months for PS2 vs. 5.8 months for 
PS 0 or 1, HR: 0.317), weight loss ≥5% (12.6 m for 
yes vs. 6.7 m for no, HR: 0.152), comorbidities (11.7 
m for yes vs. 7.5 m for no, HR: 0.449) and first-line 
chemotherapy regimen (10.1 m for Gem/Cis vs. 8.5 
m for E/Cis, HR: 0.021) (Table 4).
Univariate analysis for overall survival showed 
that eight variables had prognostic significan-

ce (Table 3): PS (p=0.000), weight loss ≥5% 
(p=0.000), comorbidities (p=0.000), number of 
meta localization (p=0.002), first-line chemothe-
rapy regimen (p=0.026), first-line therapy respon-
se (p=0.029) FEV1%predicted (p=0.000), FVC% 
predicted (p=0.000) and FEV1/FVC%, (p=0.025). 
Multivariate analysis established three indepen-
dent factors for overall survival (Table 4). 

Variables Total Survivor Non-survivor p
Histology (No, %) 0.201
Adenocarcinoma 54 (34.8) 32 (32.7) 22 (38.6)
Squamous 86 (55.5) 59 (60.2) 27 (47.4)
Non-small cell 15 (9.7) 7 (7.1) 8 (14.0)
Stage (No, %) 0.456
IIIB 35 (22.6) 24 (24.5) 11 (19.3)
IV 120 (77.4) 74 (75.5) 46(80.7)
Meta localization (No, %) 0.169
1 56 (36.1) 39 (39.8) 17(29.8)
2 38 (24.5) 24 (24.5) 14 (24.6)
3 22 (14.2) 9 (9.2) 13 (22.8)
≥4 4 (2.6) 2 (2.0) 2 (3.5)
Meta localization (No, %) 0.093
1 39 (52.7) 17 (37.0)
2-4 35 (47.3) 29 (63.0)
First line therapy 
(No, %) 0.890

Gem/Cis 105 (67.7) 66 (67.3) 39 (68.4)
Etoposide/Cis 50 (32.3) 32 (32.7) 18 (31.6)
First line response (No, %) 0.516
Responders (CR+PR) 79 (51) 48 (49) 31 (54.4)
Nonresponders (SD+PD) 76 (49) 50 (51) 26 (45.6)
Second line therapy
(No, %) 0.228

Gem/Cis 41 (26.55) 26 (26.5) 15 (26.3)
Etoposide/Cis 7 (4.5) 4 (4.1) 3 (5.3)
Gem mono 2 (1.3) 0 2 (3.5)
Docetaxel mono 26 (16.8) 13 (13.3) 13 (22.8)
Paclitaxel/Carbo 59 (38.1) 41 (41.8) 18 (31.6)
Erlotinib 20 (12.9) 14 (14.3) 6 (10.5)

Table 2. Disease-related characteristic

Progression Free Survival Overall Survival
Variables Log rank p Log rank p
Age 0.505 0.477 0.269 0.604
Sex 0.606 0.436 2.164 0.141
Performance status 85.736 0.000 72.506 0.000
Smoking 0.764 0.382 1.204 0.273
Weight loss >5% 71.706 0.000 42.158 0.000
Comorbidity 47.641 0.000 42.409 0.000
Histology 0.100 0.752 0.015 0.902
Stage 0.050 0.824 0.169 0.681
No of meta localisation 8.008 0.005 9.552 0.002
First-line HT regimen 4.930 0.026 0.081 0.776
First-line HT response 22.266 0.000 4.741 0.029
Second-line HT regimen 1.789 0.878 6.949 0.224
FEV1% predicted 44.129 0.000 46.703 0.000
FVC% predicted 0.860 0.354 28.463 0.000
FEV1/FVC% predicted 13.691 0.000 5.009 0.025

Table. 3 univariate analysis by categorical variable

Progression Free Survival Overall Survival
p HR 95% CI p HR 95%CI

lower upper lower upper
Performance 
status 0.001 0.317 0.161 0.623 0.000 0.090 0.035 0.230

Weight loss 
>5% 0.000 0.152 0.076 0.303 0.000 0.162 0.068 0.382

Comorbidity 0.008 0.449 0.249 0.808 0.418 0.721 0.327 1.590
No meta 
localisation 0.955 1.014 0.622 1.653 0.243 0.670 0.342 1.313

First-line HT 
regimen 0.021 1.750 1.090 2.809 - - - -

First-line HT 
response 0.179 0.706 0.425 1.173 0.608 0.829 0.405 1.698

FEV1% 
predicted 0.279 1.442 0.743 2.798 0.010 4.513 1.433 14.216

FVC% 
predicted - - - - 0.220 1.638 0.745 3.603

FEV1/FVC% 
predicted 0.481 1.246 0.676 2.297 0.059 2.751 0.964 7.848

Table 4. Prognostic factors by Cox regression model

HR: Hazard ratio; CI: Confidence interval;

Figure 1. Kaplan-Meier survival curve: forced expiratory vol-
ume in 1 second (FEV1) ≥50% predicted versus FEV1<50% 
predicted

Patients with FEV1 less than 50% predicted 
showed shorter median survival than those 
with FEV1 ≥50% predicted (7.9 months versus 
18.6 months, p=0.010, HR= 4.513, CI= 1.433-
14.216). (Figure 1). The median survival for pa-
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tients with performance status 0 or 1 was 20.4 
months compared with 7.9 months for patients 
who had performance status 2 (p=0.000, HR= 
0.090, CI= 0.035-0.230). Finally, patients with 
weight loss ≥5 % had shorter median survival 
compared with those without weight loss ≥5% 
(9.4 months versus 24.8 months, p=0.000, HR= 
0.162, CI= 0.068-0.382).

DISCuSSION

FEV1 less than 50% predicted is well known as a 
criterion of severe airway obstruction according 
to the Global initiative for Obstructive Lung Di-
sease guideline (26) and a predictor of mortality 
in patients with chronic obstructive pulmonary 
disease (27). In our study we likewise chose 
FEV1 of less than 50% predicted as a criterion 
of lung function decline. The effects of FEV1% 
predicted and FEV1/FVC% have been identified 
as prognostic values for PFS, but Cox regressi-
on analysis did not confirm these parameters as 
independent factors for PFS. All three observed 
parameters of lung function had a prognostic 
value for overall survival, but only FEV1% pre-
dicted independent impact on overall survival. 
This result confirms the importance of lung 
function parameters, not only in assessing the 
functional status of the patients, but also in the 
assessment of survival.
The significance reduction of pulmonary fun-
ction on survival in advanced NSCLC has not 
been properly appreciated. In general popula-
tion, reduced FEV1 has been reported to be a 
predictor of mortality (28). It was second in 
importance to cigarette smoking as a predictor 
of subsequent all cause mortality. FEV1 to be 
a surrogate marker of exposure to carcinogens 
from smoking. Although smoking exposure is 
an important pre-requisite for most lung cancer, 
the contribution of smoking dose to the varian-
ce in FEV1 is modest and much less than that 
from genetic factors (29). Calabro et a. have 
shown that between 50 and 80% of patients 
diagnosed with lung cancer had pre-existing 
chronic obstructive pulmonary disease (COPD) 
(30). Lung function is well known to be an 
important prognostic factor for patients with 
NSCLC to consider surgery (31). However, 
90% of lung cancer patients, are current or past 
smokers and frequently have varying degrees 

of concomitant chronic obstructive pulmonary 
disease (COPD) and/or ischaemic heart disease 
(32). In the study population, the majority of 
patients were smokers or former smokers (142 
– 91,6%) and therefore at high risk of COPD. 
The mean value of FEV1 of the entire populati-
on was 1,89 L (6,.8 ± 18.6%), with a mean va-
lue (63.6 ± 13.4%) FEV1/FVC% <70%, which 
indirectly indicates a probable high incidence 
COPD among subjects. In patients with a FEV1 
was less than 50% predicted, reduction in lung 
function had a direct impact on the survival of 
lung cancer. In study Lee JH et al. FEV1 less 
than 50% predicted was an independent predic-
tor of mortality for advanced NSCLC in both 
univariate and multivariate analyses (33).
Few data are available about the prognostic 
factors in patients who receive second-line tre-
atments (34). Prognostic factors are not suffici-
ently predictive of second-line treatment effica-
cy, while it may be concluded help that the choice 
of a treatment should be based according to pro-
gnostic factors (35)
Multivariate analysis of factors influencing sur-
vival in the current study showed thay response 
to therapy was an important prognostic factor for 
OS. Using a methodology of non-inferiority, in 
the study of Hanna N et al. pemetrexed showed 
identical clinical efficacy as docetaxel in second-
line treatment (36). Typical favorable prognostic 
factors were identified by a Cox proportional 
multiple regression analysis and noted to include 
favorable performance status (PS= 0-1), lower 
stage of disease (III vs. IV), and time since the 
first-line chemotherapy (> 3 months).
The current study demonstrated that PS not only 
negatively affected OS, but also affected PFS 
negatively. A poor PS confirmed negative pro-
gnostic factors in advanced NSCLC patients who 
received secod -line treatment (37). Study of pro-
gnostic factors in elderly patients with NSCLC 
(Kefeli et al.) identified performance status signi-
ficantly affected OS, but was not an independent 
prognostic factor (38). The combination of poor 
PS and anemia is an effective strategy to predict 
survival in the case of patients with metastatic 
NSCLC receiving further treatment after the first 
line. From a prospective study by Belbaraka R. et 
al. both PS and anemia were found as indepen-
dent determinants of survival (39). 
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Series of 14 South Western Oncology Group 
(SWOG) trials, where 2531 patients with inopera-
ble lung cancer were recruited during 1974 -1988 
in order to investigate the impact that 50 progno-
stic factors had on survival, revealed that perfor-
mance status, extent of the disease, and weight loss 
were among the most important ones (40). The 
association between low BMI and lung cancer is 
unexplained and requires further investigation but, 
low body mass index (BMI) has been associated 
with an increased risk of lung cancer particularly 
in males and smokers (41). Nevertheless, BMI and 
FEV1 reflect nutritional status and respiratory fun-
ction, respectively, both of which comprise a large 
portion of the performance status. Lee JH et al fo-
und in a retrospective study of 156 patients with 
NSCLC that BMI had significant independent pro-
gnostic impact on overall survival (33). 
The association between body mass index (BMI) 
and lung cancer is still disputed because of possi-
ble residual confounding by smoking and precli-
nical weight loss in case-control studies. Recent 
multicenter ICARE study in France discovered an 
inverse dose-dependent association between lung 

cancer risk and BMI two years prior to interviews 
in current smokers. (42). In our study weight loss 
≥5% in 87 (56.1%) of patients was a significant in-
dependent prognostic factor for both PFS and OS. 
Given that there was close relationship between 
obstructive lung disease and lung cancer, spiro-
metry might play a very useful role in improving 
patient selection for targeted lung cancer screening 
or treatment. Pretreatment spirometry may assist in 
determining the optimal management plan not only 
in resectable NSCLC but in advanced NSCLC and 
allows for a more accurate prediction of prognosis. 
Besides the known prognostic factors such as we-
ight loss and performance status, the study found 
that the reduced FEV1 is an important prognostic 
factor in patients with advanced NSCLC who were 
treated with second-line chemotherapy. 
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Parametri plućne funkcije kao važni prognostički faktori kod 
uznapredovalog nemikrocelularnog karcinoma pluća 
Milan Rančić, Lidija Ristić, Snežana Rančić, Milan Radović, Zorica Ćirić
Odeljenje za plućnu onkologiju, Klinika za plućne bolesti, Klinički centar Niš, Srbija

SAŽETAK

Cilj  Utvrditi uticaj pojedinih parametara plućne funkcije (forsiranog ekspiratornog volumena u prvoj 
sekundi – FEV1; forsiranog vitalnog kapaciteta – FVC; te odnosa FEV1/FVC%) na preživljavanje paci-
jenata s nemikrocelularnim karcinomom pluća.

Metode  Retrospektivno su analizirani podaci 155 pacijenata s nemikrocelularnim karcinomom pluća 
(NSCLC) koji su primali sekundarnu liniju hemioterapije u Klinici za plućne bolesti Knez Selo, u Srbiji, 
u periodu od oktobra 2009. do decembra 2012. godine. Petnaest potencijalnih prognostičkih varijabli 
podvrgnuto je univarijantnoj i multivarijantnoj analizi s ciljem utvrđivanja prognostičkog značaja za 
preživljavanje. 

Rezultati  Od ukupno 155 pacijenata, 124 (80%) bili su muškarci. Najučestaliji je bio skvamozni kar-
cinom, 86 (55,5%). Srednja vrednost FEV1 bila je 1.89 ± 0.71 L (61.8%), srednja vrednost FVC-a bila 
je 2.95 ± 0.8 L (77.2%), a srednja vrednost FEV1/FVC% 63.6%. Multivarijantnom analizom, koristeći 
Coxov regresioni hazardni model (hazard ratio, HR), utvrđeni su nezavisni prognostički faktori za 
preživljavanje: FEV1 <50% norme (HR= 4.513, 95% confidence interval [CI] 1.433-14.216 (p=0.010), 
performans status 2 (HR= 0.090, CI= 0.035-0.230 (p=0.000) i gubitak težine više od 5% (HR= 0.162, 
CI= 0.068-0.382 (p=0.000).

Zaključak  FEV1 je važan nezavisni prognostički faktor preživljavanja kod pacijenata s uznapredova-
lim nemikrocelularnim karcinomom pluća koji su lečeni hemioterapijom. Utvrđena je uska povezanost 
između oštećene plućne funkcije i preživljavanja pacijenata s karcinomom pluća.

Ključne reči: plućne neoplazme, spirometrija, forsirani ekspiratorni volumen, preživljavanje
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ABSTRACT

Aim To investigate an incidence of recurrence of pleomorphic 
adenoma of the parotid gland in relation to the choice of surgical 
procedure.

Methods All patients with a diagnosis of pleomorphic adenoma of 
parotid gland who underwent surgery at the Department of Maxi-
llofacial Surgery (MFS) of the Clinical Center of the University 
of  Sarajevo (CCU), Bosnia and Herzegovina, in the period 01 
January 1992 – 31 December 2010 were included in the study. 
The incidence of recurrence and complications in relation to the 
choice of surgical procedure (enucleation, excision of the tumor, 
superficial parotidectomy and total parotidectomy) as well as the 
choice of diagnostic procedures were compared. For all variables 
measured the arithmetic mean (x), standard deviation (SD), the 
correlation coefficient (r), and χ 2 test were used.

Results A total of 81 operations were performed on 60 patients. 
The highest recurrence rate was after enucleation (88.9%), then 
after excision (46.9%), and the least after superficial (4%) and to-
tal parotidectomy (0%). The highest number of complications was 
noted after the surgery of recurrence (8.3%), because it was diffi-
cult to preserve facial nerve in the previously treated area. 

Conclusion Both total or superficial parotidectomy were optimal 
surgical procedures which, if applied at the first surgery of ple-
omorphic adenoma, provided almost 100% certainty of healing. 
All subsequent surgeries carry a higher risk of complications, e.g. 
severe lesion of facial nerve. 

Key words: parotidectomy, facial nerve, Frey syndrome
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INTRODuCTION

Pleomorphic adenoma is a benign tumor of the sa-
livary glands with cytomorphological diversity. In 
80% of cases it occurs in the parotid gland (1). Se-
cond localization is submandibular and palatal sali-
vary glands, in 7% of cases (2). It has an incomple-
te capsule, and multifocal growth, especially when 
relapse occurs. Isolated islands of tumor tissue can 
be formed, tied with a thin trace of the main mass 
(3). The function of facial nerve is always preser-
ved (3). Pleomorphic adenoma has a tendency to 
malignant alteration (4). The World Health Orga-
nization (WHO) recognizes the entities of carcino-
ma in pleomorphic adenoma, carcinosarcoma and 
metastatic pleomorphic adenoma, which are not 
different histologically from benign pleomorphic 
adenoma. This tumor metastasizes to lymph nodes, 
bones, lungs, and kidneys, and can kill the patient 
(4). Recurrent pleomorphic adenoma is difficult to 
treat. The best chance for complete removal of the 
tumor is total parotidectomy at the first operation. 
Recurrent pleomorphic adenoma has more chances 
for next recurrences (5). Removing multifocal re-
currence, spreading beyond the borders of parotid 
gland, increases the risk of facial nerve injury (3). 
The greater possibility of malignant alteration is in 
recurrence, and the fact that recurrence can occur 
after ten or 20 years, may falsely encourage con-
servative treatment (6). Widely accepted operative 
procedure for benign parotid gland tumors is pa-
rotidectomy with preservation of facial nerve, but 
many surgeons still use simpler operative methods 
(7). Enucleation is not an option because of incom-
plete capsule, and tumor dissemination. Excision 
that is not complete assures recurrence. Treatment 
with superficial or total parotidectomy with facial 
nerve preservation reduces the number of relapses 
from 20-40% to less than 4%. 
The aim of this study was to investigate an in-
cidence of recurrence of pleomorphic adenoma 
of the parotid gland in relation to the choice of 
surgical procedure, and to prove the necessity of 
total or superficial parotidectomy at first appea-
rance of tumor. 

PATIENTS AND METhODS

A total of 60 patients (81 surgery) who underwent 
surgery at the Clinical Center of the University of 
Sarajevo (CCUS), Department of Maxillofacial 
Surgery (MFS), during the period 01 January 

1992 – 31 December 2010, whose histopatho-
logical diagnosis was pleomorphic adenoma of 
parotide gland, were analyzed.
Prospective part of the study included all patients 
who underwent surgery of parotid gland tumor 
during 2010, with histopathological diagnosis of 
pleomorphic adenoma, and retrospective part pa-
tients from the period 1992-2009 with the same 
diagnosis. There were 10 patients in prospective 
and 50 in the retrospective part of study.
Some patients had several surgeries. They were 
grouped by ordinal number of operational met-
hods, e.g., 1st, 2nd, 3rd and 4th operation, and the 
total number of operations was always compared 
with operating method in relation to recurrence 
of pleomorphic adenoma.
Enucleation was performed as “scaling” of well-
circumscribed encapsulated tumor, without remo-
ving healthy tissue. Tumor was generally easily 
peeled off from falsely appearing healthy tissue.
An excision was made by removing the tumor with 
a cuff of healthy tissue, and without preparation of 
the main trunk of facial nerve and without its le-
sions. Sharp meticulous preparation around the tu-
mor was done, still leaving a few millimeters of cli-
nically healthy tissue on the tumor, with retrograde 
preparation of branch of facial nerve if it was found. 
By superficial parotidectomy the superficial lobe 
of the parotid gland was removed. After locating 
the facial nerve (near stilomastoid foramen), 
continuous removal of the tissue of parotid gland 
above the nerve was performed. Total parotidec-
tomy was performed by removing complete pa-
rotid gland. Once superficial parotidectomy was 
done, removal of the rest of the tissue beneath 
facial nerve continued.
The most common diagnostic test performed 
preoperatively was ultrasound of salivary glan-
ds. Some of the patients also had MRI and/or CT 
scans, and some did not have any diagnostic pro-
cedures prior to the surgery. 
An influence of the type of first operation on re-
currence was analyzed and set as a predictor of 
recurrence in patients using a binary logistic re-
gression. As an independent variable (predictor) 
the type of the first operation was used, since all 
patients (n = 60) had the first operation. 
Further data processing including statistical anal-
ysis was done according to the type of surgery 
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regardless of the number of operations (1st, 2nd, 
3rd, 4th) and the patient. The sample was increased 
from 60 (patients) to 81 (operations). During the 
transformation of data the type of surgery was 
used as a predictor, regardless of the order of that 
operation. 
Omnibus test, Hosmer and Lemesh test and Cox 
& Snell R Square and Nagelkerke R square test 
were done. This study has approval of the Ethi-
cs Committee of the School of Dental Medicine, 
University of Sarajevo, Bosnia and Herzegovina. 

RESuLTS 

A total of 60 patients (81 operations) were included, 
32 female (53.3%) and 28 (46.7%) male patients. 
The average age at first operation was 38 years. 
In 28 patients an ultrasound was done without 
other diagnostic methods, 13 patients had com-
bined diagnostic methods, e. g, ultrasound and 
magnetic resonance imaging, or ultrasound and 
CT, or all three methods (CT, MRI, and ultraso-
und). Ultrasound as a diagnostic tool was done in 
the total of 41 patients; 18 patients did not have 
any preoperative diagnostic procedure (Table 1). 

currence of the tumor, total parotidectomy was 
performed in three, one superficial parotidecto-
my and one excision. One patient had the third 
recurrence of the tumor, and she underwent four-
th operation, total parotidectomy.
Taking into account the total number of 81 ope-
rations, 60 (73.4%) were performed for the first 
occurrence of tumor and 21 operations (26.6%) 
were performed after a reccurence.
Enucleation was done in nine patients, and eight 
(88.9%) of them had recurrence. Excision was 
done in 32, reccurence occurred in 12 (37.6%) 
patients. Superficial parotidectomy was per-
formed in 25, reccurrence occurred in one pa-
tient (4%) Total parotidectomy was performed 
in 15 (100%) patients and no recurrence was 
observed. The highest percentage of recurrence 
occured after enucleation in nine (88.9%) pati-
ents, and after total parotidectomy no recurren-
ce was noted (Table 3).

Diagnostic procedure No (%) of patients 
Ultrasound 28 (46.7)
Ultrasound and CT 8 (13.3)
Ultrasound and MRI 2 (3.3)
Ultrasound CT and MRI 3 (5)
None 18 (30)
No data 1 (1.7)
Total 60 (100)

Table 1. Diagnostic procedures

No (%) of patients

Type of first surgery
No recurrence 

after first 
surgery

Recurrence 
after first 
surgery

Total

Enucleation 1 (12.5) 7 (87.5) 8 (100)
Excision 17 (68) 8 (32) 25 (100)
Superficial parotidectomy 20 (100) 0 20 (100)
Total parotidectomy 7 (100) 0 7 (100)
Total 45 (75) 15 (25) 60 (100)

Table 2. Incidence of tumor recurrence after the 1st surgery 
according to type of surgery

No (%) of patients
Type of surgery 
(all operations) No Recurrence Recurrence Total

Enucleation 1 (11.1) 8 (88.9) 9 (100)
Excision 20 (62.4) 12 (37.6) 32 (100)

Superficial parotidectomy 24 (96) 1(4) 25 (100)

Total parotidectomy 15 (100) 0 15 (100)
Total 60 (73.4) 21 (26.6) 81(100)

Table 3. Incidence of recurrence after each type of surgery 
(total number)

Among 60 patients who underwent the first ope-
ration, 25 (41.7%) had excision of tumor, superfi-
cial parotidectomy was performed in 20 (33.3%) 
patients, enucleation in eight (13.3%), total pa-
rotidectomy, in seven (11.7%) patients. After the 
first surgery, during the years of follow-up in the 
period 1992-2011 recurrence was diagnosed in 
15 (25%) patients. In relation to the type of the 
1st surgery all recurrences happened after enuc-
leation or excision. There was no recurrence in 
the cases of superficial or total parotidectomy as 
the first operation (Table 2).
Of 15 operations of the first recurrence, excision 
was done in six (40%), superficial parotidecto-
my in four (26.7%), total parotidectomy in four 
(26.7%), and only one enucleation (6.7%). After 
the second operation, five patients had second re-

Among 60 patients after the first surgery, clini-
cally normal function of facial nerve was noted 
in 56 (93.4%). Postoperative transient paresis of 
facial nerve function was noted in three (5.0%) 
patients, while in one (1.7%) patient a permanent 
lesion of buccal branch was noticed. 
After 21 surgeries of tumor  recurrence, two pa-
tients had permanent paralysis of facial nerve 
branches. Of the total number of 60 patients, no 
one had Frey’s syndrome. There were no salivary 
fistulas in our patients after any type of surgery for 
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pleomorphic adenoma of parotide gland (Table 4).  
There was a negative correlation between the type 
of the first operation and the recurrence (p = 0.000, 
r = -0.609). Increasing radicalism of operation re-
duced the chance of recurrence by about 26 times 
(OR=0.038, 95%CI=0.005-0.293; p=0.002).
There was a good negative correlation between 
the type of the surgery regardless of the (ordinal) 
number of surgeries and  recurrence (p=0.000, r 
= -0.618 ). Increasing radicalism of operations 
resulted in less chance of recurrence 4-62 times 
(OR=0.064, 95%CI=0.016 to 0.262; p = 0.000).

adenomas operated by total parotidectomy, Web 
reported four recurrences. McGurk reported that 
491 patients underwent extracapsular resection, 
of which eight had a recurrence (1.7%), and two 
recurrences (1.8%) after 139 superficial parotidec-
tomy after 15 years (17). Stennert has reported 31 
patients with recurrence, in which previous initial 
treatment was enucleation in 17 (55%) patients, 
superficial parotidectomy in ten (32%), and subto-
tal parotidectomy in four (13%), and recurrence 
was treated with total parotidectomy with a prepa-
ration of facial nerve and scar excision (14). 
Orvidas recommended a radical treatment if pati-
ents were children. Of 21 patients with pleomor-
phic adenoma of the parotid gland initially trea-
ted at the Mayo Clinic, with superficial or total 
parotidectomy, only one had recurrence (40). 
Differences among compared studies are related 
to the initial treatment of pleomorphic adenoma, 
where some recommend wide excision or partial 
superficial parotidectomy, and others recommend 
superficial or total parotidectomy .(1-3, 5,11,12,14, 
24-40). This study recommends superficial or total 
parotidectomy as initial treatment.
When it comes to the treatment of recurrence, most 
recommend total parotidectomy (1-3, 5, 11- 40)
Ultrasound was the most common diagnostic pro-
cedure with our patients. Some authors have re-
ported fine needle biopsy and ultrasound done in 
all patients (11). Other diagnostics, CT and MR, 
were done in large neoplasms or recurrence (8).
It has to be mentioned that fine needle aspirati-
on (FNA) biopsy with ultrasound is mandatory 
because both patient and surgeon preoperatively 
know if they are dealing with benign or mali-
gnant tumor, and FNA biopsy usually gives the 
exact diagnosis (39).
In this study among 60 patients after the 1st sur-
gery, 93.4% had normal function of facial nerve. 
Postoperative transient paresis occurred in 5% 
patients, and one had permanent lesions. After 
the surgery for recurrence, there were two per-
manent lesions. Witt reports 80% patients with 
transient paresis after total parotidectomy, 20% 
after partial superficial parotidectomy, and none 
after extracapsular dissection; no patients had 
permanent paresis (13). After 491 extracapsular 
dissections McGurk described 1.6% permanent, 
and 10% transient paralysis, and after 139 super-
ficial parotidectomy 1.4% permanent and 32% 
transient facial nerve paresis (18). 

No of complications after each type of first surgery, 
and after surgery for recurrence

Complica-
tions 

After 1st
enucleation

After 1st
excision

After 1st
superficial 
parotidec-

tomy

After 1st
total 

paroti-
dectomy 

After 
surgery 
for recu-
rrence

Facial nerve 
palsy 2 1 0 0 0

Facial nerve 
paralysis 0 0 0 1 2

Frey 
syndrome 0 0 0 0 0

Salivary 
fistula 0 0 0 0 0

Total 2 1 0 1 2

Table 4. Complications after each 1st surgery, and after 
surgery for recurrence

DISCuSSION

Mild prevalence of the female population with ple-
omorphic adenoma is expected and described in the 
literature (8-14), results of this study are the same. 
The average age of the patients with pleomorp-
hic adenoma in this study at the time of the first 
surgery was 38 years. The similar age range was 
reported in previous studies (8,10,12,15).  
The authors that advocate for a less invasive 
approach in the type of surgery are numerous 
(13,15-23).
Authors who are proponents of radical surgical 
treatment of pleomorphic adenoma in terms of 
total and superficial parotidectomy at the first 
appearance of the tumor are more numerous (1-
3, 5, 11, 12, 14, 24-40).
Arshad has published the results of operations of 
96 pleomorphic adenoma of the parotid gland, of 
which 16 were already recurrent, all operated by 
the subtotal parotidectomy, without recurrence 
(24). Witt has published the data on 60 patients, of 
which 20 were treated with extracapsular dissecti-
on, 20 with total parotidectomy  and 20 with a par-
tial superficial parotidectomy, without any recu-
rrence after eight years (15). Of 106 pleomorphic 
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Up to 100% facial nerve palsy (temporary) was 
reported after total and superfitial parotidectomy 
(27). However, this complication is not severe, it 
usually lasts for a couple of weeks (27). Facial 
nerve paralysis (definitive) is frequent after sur-
gery for recurrent tumor (after enucleation and 
excision done as the first surgery) (27). 
Frey’s syndrome was not observed in our patients, 
and the same results were reported by others (8), 
while some authors found up to 100% of Frey’s 
syndrome after total parotidectomy (15), and ot-
her authors reported Frey’s syndrome frequently 
with more radical procedures (18,24,35). 
There were no salivary fistula in our patients, 
and some other authors reported the same results 

(24,35). McGurk had 0.6% of salivary fistula af-
ter extracapsular dissection, and no one after su-
perficial parotidectomy (18).
In conclusion, recurrent pleomorphic adenoma 
was more frequent after enucleation and excision, 
while superficial and total parotidectomy have si-
gnificantly less recurrence. Complications of pa-
rotid surgery were more frequent after surgery for 
recurrence, therefore, everything must be done to 
prevent recurrence of pleomorphic adenoma. 
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Učestalost recidiva pleomorfnog adenoma parotidne žlijezde u 
odnosu na izbor operativne metode
Meliha Čaušević Vučak1, Tarik Mašić2

1Služba za otorinolaringologiju i maksilofacijalnu hirurgiju, Kantonalna bolnica Zenica, Zenica; 2Klinika za maksilofacijalnu hirurgiju, 

Klinički centar Univerziteta u Sarajevu, Sarajevo; Bosna i Hercegovina

SAŽETAK 

Cilj  Ispitati učestalost pojave recidiva pleomorfnog adenoma parotidne žlijezde u odnosu na izbor 
operativne metode. 

Metode  Ispitanici su bili svi pacijenti koji su operisani na Klinici za maksilofacijalnu hirurgiju (MFH) 
Kliničkog centra Univerziteta (KCU) u Sarajevu, u periodu od 01. 01. 1992. do 31. 12. 2010, s dijagno-
zom adenoma pleomorphe gl. parotis. Ispitana je učestalost recidiva i komplikacija u odnosu na izbor 
operativne metode (enukleacija, ekscizija tumora, superficijalna parotidektomija i totalna parotidekto-
mija), kao i izbor preoperativnih dijagnostičkih metoda. Za sve mjerene varijable određena je aritmetič-
ka sredina (x), standardna devijacija (SD), koeficijent korelacije (r) i χ2 test.

Rezultati  Ukupno je urađena 81 operacija na 60 ispitanika. Najviše recidiva zabilježeno je nakon ope-
rativne metode enukleacije (88.9%), zatim ekscizije (46.9%), a najmanje nakon superficijalne (4%) i 
totalne parotidektomije (0%). Rezultati su pokazali najveći broj komplikacija nakon operacija recidiva 
(8.3%) jer je bilo teško sačuvati facijalni nerv u prethodno tretiranom području.

Zaključak Totalna i superficijalna parotidektomija su najoptimalnije operativne metode koje, ako su 
primjenjene pri prvoj operaciji pleomorfnog adenoma, pružaju gotovo stopostotnu sigurnost izlječenja. 
Svaka sljedeća operacija recidiva bolesti nosi veći rizik od pojave komplikacija od kojih je najteža lezija 
glavnog stabla facijalnog nerva, što može ostaviti težak invaliditet. 

Ključne riječi: parotidektomija, n. facialis, Frey sindrom
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ABSTRACT 

Aim Meropenem Yearly Susceptibility Test Information Collecti-
on (MYSTIC) Program is a longitudinal global surveillance study 
to monitor in vitro data on microbial susceptibility in centers that 
prescribe meropenem. Results of the six years period (2002-2007) 
for the antimicrobial efficacy of meropenem compared to other 
broad-spectrum agents against Gram-negative and Gram-positive 
isolates collected at pediatric intensive care units of the University 
Hospital Center Zagreb in Croatia were reported.

Methods A total of 110 Gram-negative and 43 Gram-positive  pat-
hogens from pediatric specimens were tested. The minimum-inhi-
bitory concentrations (MICs) were determined by broth microdi-
lution method according to CLSI.  

Results There was no resistance to either imipenem or meropenem 
observed for Escherichia coli, Klebsiella pneumoniae and Proteus 
mirabilis. High resistance rates of K. pneumoniae to ceftazidime 
and gentamicin (50%) are a raising concern. Pseudomonas aeru-
ginosa was the most resistant Gram-negative species with  two 
(12%) of  the  strains resistant to meropenem,  three (18%) to imi-
penem, 10 (47%) to gentamicin and  six (35%) to piperacillin/ta-
zobactam and ciprofloxacin. According to our results meropenem 
remains an appropriate antibiotic for the treatment of severe infec-
tions caused by Gram-negative bacteria in pediatric population.  

Conclusions The results indicate that meropenem has excellent 
potency and spectrum of activity despite being prescribed for a 
long time for the treatment of seriously ill patients, and still appe-
ars to be a reliable option for the initial empirical therapy of serio-
us nosocomial infections in children. However, later studies have 
shown the emergence of carbapenem-resistant Gram-negative 
bacteria  after 2008.

Key words: MYSTIC, meropenem, imipenem,  resistance mec-
hanisms
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INTRODuCTION

The MYSTIC program is an international, multicen-
ter surveillance study, that compares the activity of 
meropenem, in centers that are prescribers, with that 
of imipenem, ceftazidime, piperacillin/tazobactam, 
ciprofloxacin and gentamicin (1). Antimicrobial 
resistance among pathogens causing hospital-acqu-
ired infections is a major worldwide issue which 
must be dealt with continuously (2). Surveillance 
programs are valuable tools and offer important 
information on bacterial resistance trends, by geo-
graphical location and by disease type in communi-
ty and hospital setting (3-4). The increasing use of 
antimicrobials and the relationship with increasing 
resistance has become strongly supported by many 
studies (4).  The trend towards increased antimi-
crobial resistance shown by many Gram-negative 
bacteria is worrying, and has developed as a con-
sequence of widespread and /or inappropriate use of 
various agents (5). Bacterial resistance to b-lactam 
antibiotics among Gram-negative bacteria occurs 
principally via b-lactamases (5). Extended-spec-
trum b-lactamases (ESBL) are widespread among 
Klebsiella spp and Escherichia coli and confer re-
sistance to oxymino-cephalosporins and aztreonam. 
Resistance patterns that are currently problematic 
in Europe can vary greatly within the same species 
over time, among various patient populations and 
among geographic regions on the same continent 
(6). This overview provides data on the suscepti-
bility of Gram-negative and Gram-positive isolates 
from clinical specimens of children hospitalized in 
pediatric intensive care units of the University Hos-
pital Center Zagreb during 2002-2007. 

MATERIAL AND METhODS

Isolates

A MYSTIC study was conducted between 2002 
and 2007 in two Croatian hospitals (University 
Hospital Center Zagreb and University Hospital 
Split). In this study results only from the Univer-
sity Hospital Center Zagreb are shown. Universi-
ty Hospital Center Zagreb is a 1724-bed univer-
sity  hospital and the largest hospital in Croatia 
with all medical specialties including organ and 
tissue transplantation patients. It provides servi-
ces to a part of Zagreb population and acts as a 
referral hospital for the entire Croatian popula-
tion for specific patients/procedure groups, thus 

covering population of about 4,000,000 people. 
The study outlines that 100 non-duplicate aero-
bic Gram-negative and 100 aerobic Gram-po-
sitive clinicallly relevant isolates from serious 
infections are submitted to the reference labo-
ratory every year. In total, 110 Gram-negative or-
ganisms collected at pediatric intensive care units 
were analyzed (38 Escherichia coli, 26 Klebsiella 
pneumoniae, four Proteus mirabilis, and Serratia 
marcescens respectively, 12 Enterobacter spp, 17 
Pseudomonas aeruginosa, 7 Acinetobacter ba-
umannii and two Moraxella catarrhalis) and 40 
Gram-positive organisms (19 Staphylococcus au-
reus, eight coagulasa negative staphylococci, e. 
g. (Staphylocccus epidermidis), 12 Enterococcus 
faecalis and one Sarcina lutea). Isolates from spe-
cies with known intrinsic resistance mechanisms to 
carbapenems were excluded (methicillin-resistant 
S. aureus, Enterococcus faecium and Stenotrop-
homonas maltophilia). Collected strains included 
isolates from blood, sputum, urine, cerebrospinal 
fluid, bronchoalveolar lavage fluids, tracheal aspi-
rates and wound swabs. Organisms were identified 
by standard biochemical tests and all isolates were 
kept in deep agar cultures. 

Susceptibility tests

Minimum-inhibitory concentrations (MIC) of 
meropenem, imipenem, ceftazidime alone and 
combined with clavulanic acid, cefepime, pipera-
cillin/tazobactam, gentamicin and ciprofloxacin 
were determined by broth microdilution method 
according to CLSI (7).  An inoculum equivalent 
to the turbidity of 0.5 Mc Farland was prepared, 
diluted to approximately 5x105 CFU/ml and then 
dispensed into wells of 96 well microtiter plates 
containing double dilutions of antibiotics (0.008-
128 µg/ml). Microtiter plates were incubated at 
37°C in ambient air for 18-24 h. All interpreta-
tions of susceptibility were based on CLSI cri-
teria (7). Quality control was performed with 
ATCC strains of E.  coli ATCC 25922, P. aeru-
ginosa ATCC 27853, two β-lactamase positive 
strains: K. pneumoniae 1951 producing SHV-5 
β-lactamase (high level ESBL),  K. pneumoniae 
1204 harboring SHV-2 β-lactamase (low level 
ESBL), one β-lactamase negative strain (E. coli 
911) provided by Astra Zeneca, Staphylococcus 
aureus ATCC 29213 and Enterococcus faecalis 
ATCC 29212. The antibiotic powders were su-
pplied by Astra Zeneca. 

Bedenić et al. Antibiotic susceptibility of pediatric isolates
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Detection of extended-spectrum β-lactamases 
(ESBL) and AmpC β-lactamases

K. pneumoniae, E. coli, P. mirabilis and Entero-
bacter spp. strains showing at least eightfold re-
duction in ceftazidime MIC by clavulante were 
considered as ESBLs producers. A double-disk-
synergy test (DDST) using the combination of 
amoxycillin/clavulanate with cefotaxime, ceftri-
axone, ceftazidime, and cefepime was performed 
to confirm the production of ESBLs (8). Distorti-
on of the inhibition zones around cephalosporin 
disks towards central disk was considered as a po-
sitive result. Putative AmpC producers were reco-
gnized based on resistance phenotype: resistance 
to cefazidime, lack of synergism with clavulanate 
and preserved susceptibility to cefepime.  

RESuLTS 

Bacterial strains

Escherichia coli was predominantly isolated 
from tracheal aspirates (13) and urine (12). Four 
isolates were obtained from blood cultures (Ta-
ble 1). Tracheal aspirate was the dominant sour-
ce of Klebsiella pneumoniae whereas three iso-
lates were obtained from urine and nasal swab 
respectively (Table 1). The most Enterobacter 
spp. isolates originated from tracheal aspirates 
(six strains) and two were isolated from nasop-
haringeal swab (Table 1). One strain of  Serra-

tia marcescens originated from blood culture, 
cerebrospinal fluid, conjuctival swab and urine 
respectively. Three isolates of Proteus mirabilis 
were collected from urine and one from tracheal 
aspirate and umbilicus swab, respectively. Ele-
ven Pseudomonas aeruginosa strains were obta-
ined from tracheal aspirate and three from urine. 
Three strains of Acinetobacter baumannii were 
isolated from tracheal aspirate and one from ear 
swab, drain and canulla aspirate. The dominant 
source of Staphylococcus aureus was the swab 
of nasal vestibulum, while one strain was isola-
ted from tracheal aspirate, conjuctival swab, and 
intravascular and umbilical catheter swab respec-
tively). Three coagulase negative staphylococi 
originated from blood cultures, and one from 
cerebrospinal fluid, intravascular catheter tip and 
nose vestibulum, respectively (Table 1).
Enterococcus faecalis was dominantly isolated 
from urine (four strains), blood culture and trache-
al aspirate with three strains, and one from umbi-
licus swab and stomach fluid. One strain of  Strep-
tococcus pyogenes was isolated from throat swab. 
Two strains of Moraxella catarrhalis originated 
from nasopharyngeal swab and conjuctival swab. 

Antimicrobial susceptibility

E. coli showed high susceptibility to most tested 
antibiotics; four  (10%) isolates were resistant 
to ceftazidime due to ESBL production and  one 
(2.6%) to piperacilin/tazobactam. Meropenem 

Origin of the 
isolates

Escheri-
chia coli

Klebsiella 
pneumo-

niae

Entero-
bacter 

cloacae

Serratia 
marces-

cens

Proteus
mira-
bilis

Pseudo-
monas 

aeruginosa

Acine-
tobacter 

baumannii

Staphylo-
coccus 
aureus

Staphylo-
coccus epi-

dermidis

Strepto-
coccus 

pyogenes

Entero-
coccus 
faecalis

Sar-
cina. 
lutea

Moraxe-
lla catarr-

halis
Canulla swab 0 0 0 0 0 0 1 0 0 0 0 0 0
Nasopharinge-
al swab 0 1 0 0 0 0 0 0 0 0 0 0 0

Tracheal 
aspirate 13 14 6 0 1 11 3 1 0 0 3 0 0

BAL 0 0 1 0 0 0 0 0 0 0 0 0 0
Drain swab 0 0 0 0 0 0 1 0 0 0 0 0 0
Nasal swab 3 3 2 0 0 0 0 14 1 0 0 0 1
Umbilicus 
swab 0 0 0 0 1 0 0 0 0 0 1 0 0

Wound swab 2 0 1 0 0 0 0 0 0 0 0 0 0
Conjuctival 
swab 0 0 0 1 0 0 0 1 0 0 0 0 1

Ear swab 1 0 0 0 0 0 1 0 0 0 0 0 0
Pharyngeal 
swab 1 1 1 0 0 0 0 0 0 1 0 0 0

Blood culture 4 1 0 1 0 0 0 0 3 0 3 0 0
IV catheter 0 0 0 0 0 0 0 1 1 0 0 0 0
Cerebrospinal 
fluid 0 0 0 1 0 0 0 0 1 0 0 1 0

Tubus 0 1 0 0 0 0 0 0 0 0 0 0 0
Umbilicus 
catheter 0 0 0 0 0 0 0 1 0 0 0 0 0

Urine 12 3 1 1 3 3 0 0 0 0 4 0 0
Stomach fluid 1 0 0 0 0 0 0 0 0 0 1 0 0

Table 1.  Distribution of the isolates according to patient’s specimen
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was the most potent antibiotic with MIC90 of 0.06 
mg/L, followed by ciprofloxacin with MIC90 of 
0.12 mg/L. The highest MIC90 was observed for 
piperacilin/tazobactam (16 mg/L), but it was still 
below the resistant breakpoint (128 mg/L) (Table 
2). Meropenem was twice more potent than imi-
penem and eightfold more potent than ceftazidi-
me according to MIC90. 
K. pneumoniae isolates showed full susceptibility 
to carbapenems and only one (4%) strain was  resi-
stant to  ciprofloxacin. High resistance rates to cef-
tazidime and gentamicin were observed, and detec-
ted in 13 (50%) isolates due to ESBL production. 
Meropenem and ciprofloxacin were the most po-
tent antibiotics with MIC90 of 0.03 mg/L (Table 2). 

potent antibiotic with MIC90 of 0.12 mg/L and its 
activity was fivefold greater than that of imipe-
nem (MIC90 2 mg/L).  Meropenem was fourfold 
more active than imipenem and >twelvefold more 
efficient than ceftazidime according to MIC90. 
P. mirabilis was uniformly susceptible to all te-
sted antibiotics except to gentamicin (one stra-
in was resistant). Meropenem and ciprofloxacin 
expressed the lowest MICs (<0.008-0.25). 
S. marcescens showed good susceptibility to all 
antibiotics except to gentamicin. Resistance to 
gentamicin was observed in 75% (3/4) of the te-
sted strains. 
P. aeruginosa was the most resistant Gram-nega-
tive species. Two (12%) isolates were resistant to 
meropenem and three (18%) to imipenem. High 
resistance rates were observed to ceftazidime, 
observed in eight (8.47%) isolates, to gentami-
cin in 10 (59%) isolates, and to piperacilin/ta-
zobactam and ciprofloxacin in 6 (35%) isolates. 
Ciprofloxacin was the most efficient antibiotic 
with MIC90 od 0.25 mg/L ahead of imipenem and 
meropenem (MIC90 of 2 and 4 mg/L, respecti-
vely). Meropenem and imipenem were equally 
active against P. aeruginosa according to MIC90 
but both agents were >fivefold more active than 
ceftazidime (Table 3).  

Antibiotic (breakpo-
int MIC, mg/L)

MIC range 
(mg/L) 

MIC50 
(mg/L)

MIC90 
(mg/L)

No (%) of 
strains 

E. coli (38)
Meropenem (≥16) ≤0.008-0.5 0.0016 0.06 0 (0%)
Imipenem (≥16) ≤0.008-1 0.06 ≥256 0 (0%)
Ceftazidim (≥32) ≤0.008->128 0.12 16 4/38 (10%)
Ceftazidim/cl (≥32) ≤0.008->128 0.03 0.5 1/38 (2.6)
Cefepim (≥32) ≤0.008-1 0.06 1 0 (0%)
Piperacilin/tzp  (≥128) 0.016->128 4 16 1/38 (2.6)
Gentamicin (≥8) ≤0.008->128 2 32 10/38 (3.8)
Ciprofloksacin (≥4) ≤.008-0.5 ≤0.008 0.12 0 (0%)
K. pneumoniae (26)
Meropenem (≥16) ≤0.008-0.06 0.0016 0.06 0 (0%)
Imipenem (≥16) ≤0.008-1 0.0016 0.5 0 (0%)
Ceftazidim (≥32) ≤0.008-≥128 16 ≥128 13/26 (50%)
Ceftazidim/cl (≥32) 0.016-≥128 0.25 4 1/26 (4%)
Cefepim (≥32) ≤0.008->128 0.5 32 3/26 (0%)
Piperacilin/tzp  (≥128) 1->128 8 >128 5/26 (19%)
Gentamicin (≥8) ≤0.008-128 4 64 13/26 (50%)
Ciprofloksacin (≥4) ≤.0008-0.5 ≤0.008 0.06 1/26 (4%)
E. cloacae (12)
Meropenem (≥16) ≤0.008-≥128 0.016 0.12 1 (8)
Imipenem (≥16) ≤0.008-≥128 0.25 2 1 (8)
Ceftazidim (≥32) 0.25-≥128 2 128 3 (25)
Ceftazidim/cl (≥32) 0.03-≥128 2 128 2 (16)
Cefepim (≥32) 0.03-≥128 0.12 16 1 (8)
Piperacilin/tzp  (≥128) 1->128 8 ≥128 2 (16)
Gentamicin (≥8) ≤0.008-≥128 0.5 ≥128 3 (25)
Ciprofloksacin (≥4) ≤0.008-≥128 ≤0.008 16 2 (16)

Table 2. Cumulative minimum inhibitory concentration (MIC) 
values and percentage of resistant strains for various antibi-
otics of Enterobacteriaceae

Antibiotic (MIC 
breakpoint, mg/L)

MIC range 
(mg/L)

MIC50 
(mg/L)

MIC90 
(mg/L) 

No (%) of 
strains

Pseudomonas aeruginosa (n=17)
Meropenem (≥16) ≤0.008->16 2 16 2 (12)
Imipenem (≥16) 0.03->16 4 16 3 (17)
Ceftazidim (≥32) 0.5-≥128 8 ≥128 8 (47)
Ceftazidim/cl (≥32) 0.5->128 32 ≥128 9 (53)
Cefepim (≥32) 0.06-32 8 32 4 (23)
Piperacilin/tzp  (≥128) 0.5-≥128 8 128 6 (35)
Gentamicin (≥8) 0.25-≥128 8 ≥128 10 (59)
Ciprofloksacin (≥4) ≤0.008-64 0.25 16 6 (35)
Acinetobacter baumannii (n=7)
Meropenem (≥16) 0.03-2 0.12 0.5 0
Imipenem (≥16) 0.03-4 1 4 0
Ceftazidim (≥32) 2-≥128 16 ≥128 2 (28)
Ceftazidim/cl (≥32) 2-≥128 8 16 1 (14)
Cefepim (≥32) 1-32 16 32 4 (23)
Piperacilin/tzp  (≥128) 2-³≥128 16 128 2 (28)
Gentamicin (≥8) 0.25-≥128 8 ≥128 10 (59)
Ciprofloksacin (≥4) ≤0.008-64 0.25 16 6 (35)

Table 3. Cumulative minimum inhibitory concentration (MIC) 
values and percentage of resistant strains for various antibi-
otics of non-fermentative bacteria

Enterobacter spp demonstrated the highest re-
sistance rates among Enterobacteriaceae. One 
(8%) isolate was resistant to both carbapenems 
while three (25%) isolates showed resistance to  
ceftazidime and gentamicin. Two (16%) isolates 
displayed resistance to the combination of cefta-
zidime with clavulanate, piperacilin/tazobactam 
and ciprofloxacin, while only one isolate showed  
resistance to cefepime. Meropenem was the most 

There was no resistance to carbapenems in A. 
baumannii and resistance rates to cephalosporins 
(ceftazidime i cefepime) were moderate, and de-
tected in one (14%) and in two (28%) isolates, 
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respectively. High resistance rates were observed 
only to gentamicin in 10 (43%) isolates. Only one 
(14%) isolate showed resistance to ciprofloxacin. 
MIC90 was the lowest for ciprofloxacin and the 
highest for gentamicin (≥128 mg/L). Meropenem 
was threefold more active against A. baumannii 
in comparison with imipenem and sixfold more 
active than ceftazidime (Table 3). 
Among Gram-positive bacteria S. aureus showed 
full or intermediate susceptibility to all antibiotics 
except of cefepime and gentamicin (18/19, 96%).  
MIC90 was the lowest for imipenem (≤0.008 mg 
/l) and ciprofloxacin (0.03 mg/L).  Imipenem was 
threefold more active than meropenem (Table 4).  

Enterococcus faecalis was the most resistant 
Gram-positive species. All isolates were unifor-
mly resistant to both cephalosporins as expec-
ted and even 11 (92%) strains were resistant to  
gentamicin. Two (16%) isolates were resistant 
to meropenem and one (8%) to imipenem. Three 
(25%) isolates displayed resistance to cipro-
floxacin. The lowest MIC90  was noticed for ci-
profloxacin (1 mg/L) followed by imipenem (2 
mg/L) (Table 4). 

Resistance mechanisms

The prevalence of ESBLs in Enterobactericeae 
was 29% (25/84).  ESBLs were detected in 50% 
(13/26) of K. pneumoniae strains, 25% (1/4) 
Serratia marcescens and P. mirabilis respective-
ly, 21% (8/38) of  E. coli and 16% (2/12) Entero-
bacter spp. ESBL producing organisms had ele-
vated ceftazidime MICs which were significantly 
reduced by clavulanic acid and were resistant to 
gentamicin. 
One E. coli and two Enterobacter cloacae strains 
were identified as AmpC producers based on the 
phenotype of resistance. 

DISCuSSION 

Tracheal aspirate was the most important source 
of the majority of bacteria isolates indicating co-
lonization and not infection in this study. E. coli 
and K. pneumoniae were uniformly susceptible 
to carbapenems. However, resistance to expan-
ded-spectrum cephalosporins and gentamicin was 
observed in ESBL producing organisms. Higher 
resistance rates to expanded-spectrum cephalos-
porins and gentamicin were observed in Polish 
pediatric intensive care units (9). Enterobacter 
spp. was the most resistant species in the family 
of Enterobacteriacea in this study. Resistance to 
expanded-spectrum cephalosporins was due to the 
production of ESBLs and AmpC- β-lactamases in 
our investigation. Other European reports from 
pediatric wards found higher resistance rates to 
all tested antibiotics except of carbapenems and 
ciprofloxacin (9). The prevalence of ESBLs in En-
terobactericeae of 29% in this study is higher than 
those reported in most European countries (10). 
It correlates with other MYSTIC data, which un-
derlined a particularly high prevalence of ESBL-
positive strains (28%) from Eastern and Southern 
European countries in comparison with those from 

Antibiotic (MIC break-
point, mg/L)

MIC range 
(mg/L)

MIC50 
(mg/L)

MIC90 
(mg/L)

No (%) of 
strains

S.  aureus (n=19)
Meropenem (≥16) ≤0.008-0.12 0.06 0.12 0
Imipenem (≥16) ≤0.008-0.12 <0.008 0.03 0
Ceftazidim (≥32) 0.25-16 2 16 0
Ceftazidim/cl (≥32) <0.008-8 0.12 8 0
Cefepim (≥32) 0.5-32 2 16 1/9 (4)
Piperacilin/tzp  (≥128) 0.5-16 2 16 0
Gentamicin (≥8) ≤0.008-128 0.12 0.5 1/9 (4)
Ciprofloksacin (≥4) ≤0.008-0.25 0.03 0.25 0
S.  epidermidis (8)
Meropenem (≥16) 0.12-128 4 16 1(14)
Imipenem (≥16) ≤0.008-128 0.06 8 1(14)
Ceftazidim (≥32) 2->128 1 32 3 (37)
Ceftazidim/cl (≥32) 0.03-≥128 0.5 64 3 (37)
Cefepim (≥32) 0.06-128 4 32 3 (37)
Piperacilin/tzp  (≥128) 0.5-≥128 2 32 1(14)
Gentamicin (≥8) ≤0.008-128 8 128 41(50)
Ciprofloksacin (≥4) ≤0.008-16 0.03 0.25 1(14)
E. faecalis (n=12)
Meropenem (≥16) 0.12-32 4 16 2(16)
Imipenem (≥16) 0.06-16 2 8 1(8)
Ceftazidim (≥32) 32-≥128 ≥128 ≥128 12(100)
Ceftazidim/cl (≥32) 64-≥128 ≥128 ≥128 12 (100)
Cefepim (≥32) 64->128 ≥128 ≥128 12 (100)
Piperacilin/tzp  (≥128) 0.06-≥128 8 ≥128 2(16)
Gentamicin (≥8) 0.016-≥128 ≥128 ≥128 11(91)
Ciprofloksacin (≥4) ≤0.008-64 1 16 3(25)

Table 4. Cumulative minimum inhibitory concentration (MIC) 
values and percentage of resistant strains for various antibi-
otics of Gram-positive bacteria

Koagulase-negative staphylococci (S. epider-
midis) displayed higher resistance rates to most 
antibiotics compared to S. aureus; four (50%) of 
the strains were resistant to gentamicin and three 
(37%) to ceftazidime and cefepime. One isolate 
(14%) was resistant to carbapenems, piperaci-
lin/tazobactam and ciprofloxacin (Table 4). The 
lowest MIC90 was observed for ciprofloxacin. 
Imipenem was slightly more active than merope-
nem (one dilution).
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the rest of Europe (10). The prevalence of ESBLs 
in pediatric isolates of Enterobacteriaceae was 
lower in other studies from South America (1.7%) 
(11), Poland (13%) (12), and South Korea (25%) 
(13). The molecular characterization of ESBLs 
was not performed in this study.  However, it is 
still possible that the prevalence of ESBL-produ-
cing isolates of 29% was underestimated because 
ESBLs were detected only with ceftazidime alone 
and combined with clavulanate; therefore CTX-
M-type of ESBLs could be missed. The frequent 
occurrence of CTX-M β-lactamase in Enterobac-
teriaceae is a raising problem in Europe including 
Croatia (14). ESBL positive K. pneumoniae and 
E. coli were shown to have high resistance rates 
to gentamicin. This is due to the fact that genes 
encoding aminoglycoside resistance often reside 
on the same plasmid as blaESBL genes. Resistance 
rates to ceftazidime and cefepime were modera-
te in E. coli except in ESBL producing organisms 
but according to CLSI all ESBL producing Ente-
robacteriaceae should be reported as resistant to all 
cephalosporins (7).  
Among non-fermentors P. aeruginosa showed 
moderate resistance rates to carbapenems in this 
study. Since the strains displayed resistance to 
both carbapenems it is likely to assume that it 
was due to the production of metallo-β-lactamase 
(MBL) (15). However, the molecular charac-
terization of β-lactamases in this study was not 
performed. The later studies found VIM-2  MBL 
among P. aeruginosa strains from the Univer-
sity Hospital Center Zagreb (16). Resistance to 
carbapenems in P. aeruginosa is most likely to 
occur through the interplay of excess β-lactamase 
production, impermeability via loss of the porin 
protein OprD, together with the upregulation of 
multi-drug –efflux systems primarily MexAB-
OprM (17).  High resistance rates to expanded-
spectrum cephalosporins found in this study were 
likely to be caused by hyperproduction of AmpC 
β-lactamases due to induction or derepression 
(17). Previous reports from pediatric units in Eu-
rope showed lower resistance rates to carbape-
nems and all other tested antibiotics compared to 
our isolates (17). The rate of  multidrug-resistant 
phenotype (MDR) phenotype found in this study 
was lower (6%) than in other Eastern European 
countries (around 50%) (17). A. baumannii anal-
yzed in this study was uniformly susceptible to 

carbapenems. Carbapenem-resistant strains of 
this species started to emerge at the University 
Hospital Center Zagreb from 2008 conferred by 
production of OXA-24-like and OXA-58-like 
β-lactamase (18). Previous reports from pedia-
tric units in Europe showed similar or higher re-
sistance rates to aminoglycosides, ciprofloxacin 
and cephalosporins than in  our study (19-20).  
High resistance rates to cephalosporins and 
emergence of carbapenem-resistance in coagu-
lase-negative staphylococci was probably due to 
misinclusion of methicillin-resistant S. epidermi-
dis (MRSE) strains in the study. All enterococci 
have intrinsic resistance to cephalosporins (21), 
which is in concordance with high MICs of ce-
fazidime and cefepime in this species observed 
in this study. Resistance to carbapenems noticed 
in some strains could be explained by misidenti-
fication of E. faecium as E. faecalis. S. pyogenes 
and M. catarrhalis were as expected susceptible 
to all tested antibiotics. Low resistance rates to 
ciprofloxacin in the majority of tested species is a 
consequence of non-prescription of fluoroquino-
lones in children age group  (22). 
Resistance patterns that are currently problematic 
in Europe can vary greatly with the same speci-
es over time, among various patient populations 
and among geographic regions on the same con-
tinent (23). These data provide evidence that des-
pite continued use of meropenem, carbapenem 
resistance was not noticed in pediatric intensive 
care units among the species tested except of P. 
aeruginosa within the studied units, and suggest 
that clinicians can be confident in prescribing 
carbapenems as a reliable and effective choice in 
managing serious nosocomial infections in chil-
dren. Continued surveillance is necessary so that 
we can recommend to clinicians which agents 
are likely to exhibit the necessary activity against 
a particular hospital pathogen. However, recent 
studies have shown the emergence of carbape-
nem-resistant Enterobacteriacea due to the pro-
duction of NDM and KPC β-lactamases (24-25) 
and A. baumannii (26) in different hospital units 
of the University Hospital Center Zagreb inclu-
ding pediatric wards. Further surveillance studies 
in the following years will show whether mero-
penem will retain its full microbiological profile 
and therefore remain a useful option for empiri-
cal monotherapy for serious infections. 



Medicinski Glasnik, Volume 11, Number 1, February 2014

78

REFERENCES
1. Fontana R, Cascio G, Giacobone E, Romero E, Ci-

priani P, Sessa R, Franchino L. Resistance survei-
llance in Italy: for-year results from MYSTIC pro-
gram. J Chemother 2002; 14:323-31. 

2. Antimicrobial susceptibility in intensive care units: 
MYSTIC Program Brazil 2002. Brazil  Infect Dis 
2005; 9:44-51. 

3. Mendes C, Turner PJ, Unit differences in pathogen 
occurrence among European MYSTIC Program 
(1997-2000). Diagn Microbiol Infect Dis 2001; 
41:191-6. 

4. Garcia-Rodiguez JA, Jones RN. Antimicrobial re-
sistance in Gram-negative isolates from European 
intensive care units:data from the Meropenem Ye-
ary Susceptibility Test Information Collection (MY-
STIC) programme. J Chemother 2002; 14:25-32. 

5. Pfaller MA, Jones RN, Biedenbach DJ, MYSTIC 
Program Study Group (USA). Antimicrobial resi-
stance trends in carbapenem prescribing medical 
units: report of the 1999 and 2000 results from MY-
STIC Program (USA). Diagn Microbiol Infect Dis 
2001; 41:177-82. 

6. Mutnick AH, Turner PJ, Jones RN. Emerging an-
timicrobial resistances among Proteus mirabilis in 
Europe: report from the MYSTIC Program (1997-
2001). Meropenem Yearly Susceptibility Test Infor-
mation Collection. J Chemother 2002; 14:253-8. 

7. Clinical and Laboratory Standards Institute. Per-
formance Standards for Antimicrobial Susceptibi-
lity Testing; Eighteenth Informational Supplement, 
M100-S18. Wayne, PA: CLSI, 2008.

8. Jarlier V, Nicolas MH, Fournier G, Philippon A. 
Extended broad-spectrum β-lactamases conferring 
transferable resistance to newer β-lactam agents in 
Enterobacteriaceae: hospital prevalence and suscep-
tibility patterns. Rev Infect Dis 1998; 10:867-78.

9. Patzer JA, Dzierzanowska D, Turner PJ. Trends in 
antimicrobial susceptiblity of Gram-negative isola-
tes from a paediatric intensive care unit in Warsaw: 
results from the MYSTIC programme (1997-2007). 
J Antimicrob Chemother 2008; 62:369-75. 

10. Goosens H, Grabein B. Prevalence and antimi-
crobial susceptibilty data for extended-spectrum 
β-lactamase and AmpC- producing Enterobacteria-
ceae from the MYSTIC Program in Europe and the 
United States (1997-2004). Diagn Microbiol Infect 
Dis 2005; 53:257-64. 

11. Pallecchi L, Bartoloni A, Fiorelli C, Mantanella A, 
Di Maggio T, Gamboa H. Rapid dissemination and 
diversity of CTX-M extended-spectrum β-lactamase 
genes in commensal Escherichia coli isolates from 
healthy children from low resource settings in La-
tina America. Antimicrob Agents Chemother 2007; 
51:2720-5. 

12. Delinska-Galinska A, Kurlenda J, Kozielska E, Bor-
kowska A, Luczak G, Plata Nazar K. Prevalence of 
ESBL strains in urinary tract infections in children 
in 1996 and 2004. Przegl Epidemiol 2006; 60:59-64. 

ACKNOWLEDGEMENT

The study was supported and funded by Astra-
Zeneca. 

FuNDING
The study was  funded by AstraZeneca. 

TRANSPARENCY DECLARATION
Competing interest: none to declare.

13. Lee J, Pai H, Kim Y, Kim NH, Eur BW, Kang HJ. 
Control of extended-spectrum β-lactamase produ-
cing Escherichia coli and Klebsiella pneumoniae 
in a children’s hospital by changing antimicrobial 
agent usage policy. J Antimicrob Chemother 2007; 
60:629-37.

14. Literacka E, Bedenić B, Baraniak A, Fiett J, Tonkić 
M, Jajić-Benčić I, Gniadkowski M. BlaCTX-M genes 
in Escherichia coli from Croatian hospitals are lo-
cated in new (blaCTX-M-3) and widely spread (blaCTX-M-

3a, blaCTX-M-15) genetic structures. Antimicrob Agents 
Chemother 2009; 53:1630-5.

15. Walsh TR, Toleman MA, Poirel L, Nordmann P. 
Metallo-β-lactamases: the quiet before the storm.  
Clin Microbiol Rev 2005;18:306-325.

16. Bošnjak Z, Bedenić B, Mazzariol A, Jarža-Davila N, 
Šuto S, Kalenić S. VIM-2 β-lactamase in Pseudomo-
nas aeruginosa isolates from Zagreb, Croatia. Scandi-
navian Journal of Infectious Diseases 2010; 42:193-7. 

17. Goosens H.: Susceptibility of multi-drug-resistant 
Pseudomonas aeruginosa in intensive care units: re-
sults from the European MYSTIC study group. Clin 
Microbiol Infect 2003; 9:980-3. 

18. Franolić-Kukina I, Bedenić B,  Budimir A, Herljević 
Z, Vraneš J, Higgins P. Clonal spread of carbapenem-
resistant OXA-72 positive Acinetobacter baumannii 
in a Croatian university hospital. Internat J Infect  Dis 
2011; 15:e706-9

19. Jones RN, Mendes C, Turner PJ et al. An overwiew 
of the Meropenem Yearly Susceptibility Test Infor-
mation Collection (MYSTIC) Program:1997-2004. 
Diagn Microbiol Infect Dis 2005; 53:257-64. 

20. Goossens H. MYSIC Program: Summary of Euro-
paen dana fro 1997-2000. Diagn Microbiol Infect 
2001; 41:183-9. 

21. Kalenić S. Streptokoki. In: Kalenić S, Mlinarić-Mi-
ssoni E, eds: Medicinska bakteriologija i mikologija. 
Zagreb: Merkur, 1995; pp 171

22. Božinović D. Antimikrobni lijekovi. In: Mlinarić-
Missoni E, eds: Medicinska bakteriologija i mikolo-
gija. Zagreb: Merkur, 1995; pp 97

23. Turner PJ, Greenhalgh JM,the Mystic study group 
(Europe). The activity of meropenem and compara-
tors against Acinetobacter strain isolated from Eu-
ropean hospitals, 1997-2000. Clin Microbiol Infect 
2003; 9:563-7.

24. Mazzariol A, Bošnjak Z, Ballarini P, Budimir A, Be-
denić B, Kalenić S, Cornaglia G. NDM-1 producing 
Klebsiella pneumoniae, Croatia. Emerg Infec Dis 
2012; 18:532-4. 

25. Bedenić B, Mazzariol A, Plečko V, Bošnjak Z, Barl 
P, Vraneš J, Cornaglia G. First report of KPC-produ-
cing Klebsiella pneumoniae in Croatia. J Chemother 
2012; 24:237-9. 

26. Bedenić B, Bošnjak Z, Barl P, Vraneš J, Ladavac M. 
Carbapenem-resistance in Acinetobacter baumannii 
isolaes causing infections in children at University 
Hospital Center Zagreb. ESPID, Thessaloniki, Gree-
ce, 08-12 May 2012. Abstracts (CD), P5.



79

Bedenić et al. Antibiotic susceptibility of pediatric isolates

Osjetljivost na antibiotike u izolata s pedijatrijskih jedinica inten-
zivnog liječenja u Zagrebu
Branka Bedenić1,2, Esmina Prahin1, Mirna Vranić-Ladavac3, Vlasta Atalić4, Mario Sviben5,  Sonja 
Frančula-Zaninović6, Vanda Plečko1,2, Smilja Kalenić1

1Department of Microbiology, School of Medicine, University of Zagreb, 2University Hospital Center Zagreb, 3Department of Microbiol-

ogy, Istria County Public Health Institute, Pula, 4Department of Microbiology, Public Health Institute Osijek,  5Department of Parasitology, 
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SAŽETAK 

Cilj  Mystic (Meropenem Yearly Susceptibility test Information Collection) je globalna multicentrična, 
longitudinalna studija koja je pratila aktivnost meropenema u usporedbi s  različitim antibioticima ši-
rokog spektra. 

Metode  U studiju je uključeno ukupno 110 gram-negativnih i 40 gram-pozitivnih bakterija iz dječjih 
uzoraka. Osjetljivost na antibiotike bila je testirana bujonskom mikrodilucijskom metodom prema CL-
SI-u. Cilj istraživanja bio je pratiti trend rezistencije na meropenem i ostale antibiotike širokog spektra, 
na pedijatrijskim jedinicama intenzivnog liječenja u KBC-u Zagreb, tokom petogodišnjeg razdoblja.

Rezultati  Nije zapažena rezistencija na imipenem ili meropenem u Escherichia coli, Klebsiella pneu-
moniae i Proteus mirabilis. Zabrinjavajuće su visoke stope rezistencije u K. pneumoniae na ceftazidim 
i gentamicin, zabilježene u 13 sojeva (50%). Pseudomonas aeruginosa bio je najrezistentnija gram-ne-
gativna vrsta, s dva (12%) soja rezistentna na imipenem, tri (18%) na meropenem, 10 (47%) na genta-
micin, te šest (35%) na piperacillin/tazobactam i ciprofloksacin. 

Zaključak  Meropenem i dalje ostaje antibiotik izbora za liječenje teških infekcija uzrokovanih gram-
negativnim bakterijama u dječjoj populaciji. Rezistencija na meropenem nije se značajno povećavala 
u testiranom razdoblju, osim u vrste P. aeruginosa unutar KBC-a Zagreb, te ga se može i dalje koristiti 
kao antibiotik izbora za liječenje bolničkih infekcija. Međutim, kasnija istraživanja pokazala su pojavu 
karbapenem-rezistentnih gram-negativnih bakterija (nakon 2008. godine). 

Ključne riječi:  MYSTIC, meropenem, imipenem, rezistencija
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ABSTRACT 

Aim To determine the prevalence and antimicrobial resistance of 
dominant causes of urinary tract infections (UTI) in patients trea-
ted at the Clinic for Infectious Diseases, University Clinical Cen-
ter Tuzla during the period January 2010 to June 2011.

Methods This prospective study included 438 patients divided 
into three groups: hospital-treated patients group (H-T), outpati-
ent-treated group (O-T) and patients with hospital-acquired (H-A) 
UTI. Identification of UTI causes completed using standard mi-
crobiological methods; antimicrobial susceptibility was done by 
disc-diffusion method according to the CLSI.  

Results E. coli was significantly more commonly isolated in 
females H-T, 111 (68-1%) (p=0.012) and O-T, 148 (82.7%) 
(p=0.006) groups, as well as in females <65 years from the H-T, 
87 (84.5%) (p=0.000) and H-A, four (40%) (p=0.044) groups. 
Klebsiella pneumoniae and Pseudomonas aeruginosa were si-
gnificantly more commonly isolated in male H-T, 11 (29.7%) 
(p=0.000) and five (13.5%) (p=0.009), and O-T UTI, two (9.5%) 
(p=0.009) and three (14.3%) (p=0.000) groups. E. coli showed 
significantly higher prevalence of resistance to amoxycillin, co-
amoxiclav, cefuroxime, ceftriaxone, gentamicin and co-trimoxa-
zole in the H-A group comparing to other two groups (p<0.05), 
as well as to ampicillin, amoxycillin and cefixime in the O-T 
comparing to H-T group (p<0.05).

Conclusion Empirical antimicrobial therapy should include co-
amoxiclav, nitrofurantoin, cefepime, and ceftazidime for females 
<65 years old in both H-T and H-A, cefalosporines, co-amoxiclav 
and nitrofurantoin in O-T UTIs; for females ≥65 years old, cefa-
losporines, aminoglicosides, and ciprofloxacin, in H-T and O-T 
UTIs. For H-A UTI in females ≥65 years as well as for all male 
patients antimicrobial susceptibility testing should be performed.

Key words: causes, prevalence, antimicrobial resistance 
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INTRODuCTION

Urinary tract infections (UTIs) are one of the 
most common bacterial infection in humans, 
and they are frequently caused by Gram-negati-
ve bacilli within Enterobacteriaceae family (1). 
The most common cause of non-complicated 
UTIs is E. coli, causing about 50-85% infecti-
ons, while complicated UTIs are often caused 
by other Gram-negative bacilli (2). Hospital-
acquired (HA) UTIs often happen after an inva-
sive procedure of the urinary tract among which 
80% are related to urinary catheterization (3). 
The causes of H-A UTIs and their prevalence 
have changed over time, but Gram-negative 
bacilli are still predominant (4). Fungi are also 
common isolates of UTIs related to the use of 
urinary catheter (3,5).
Results from the previous studies showed that the 
prevalence of the causes of UTIs varies in time 
and geographically, and it depends on the age 
and sex, as well as of the bladder catheterization 
method (6,7). Results from the up-to-date studies 
have also shown even higher antimicrobial resi-
stance of the causes for  H-A UTIs in comparison 
to the causes of outpatient UTIs, e.g. communi-
ty-acquired (CA) UTIs (3,8,9). Thus, the authors 
emphasize the necessity of a continual evaluati-
on, while empiric antimicrobial therapy must be 
in concordance with the local antimicrobial resi-
stance prevalence (8,9,10).
The aim of this study was to investigate the pre-
valence and antimicrobial resistance of dominant 
causes of UTIs taking into consideration an ori-
gin of the infections at the Clinic for Infectious 
Diseases Tuzla.  

PATIENTS AND METhODS

A prospective study was carried out from Janu-
ary 2010 to July 2011 at the Clinic for Infectious 
Diseases Tuzla, Bosnia and Herzegovina (B&H). 
The sample consisted of 438 consequent adult pa-
tients with UTIs of both sexes divided into three 
groups. The first group consisted of 200 hospital-
treated patients with UTIs (H-T UTIs) who were 
hospitalized and treated at the Clinic. The second 
group included 200 outpatients (O-T UTIs) who 
were treated in an outpatient department of the 
Clinic (but were not hospitalized). Thirty-eight 
patients with hospital-acquired infections (H-A 

UTIs) that resulted from urinary catheterization 
during their hospitalization were enrolled in the 
third group. 
With regard to age, the patients were divided 
into two groups: <65 years old, and a ≥65 ye-
ars old. 
Demographic data were collected from medi-
cal documentation. For microbiological exa-
mination urine was collected at the Clinic for 
Infectious Diseases Tuzla from patients with 
H-T and O-T UTIs as a clean catch-mid-stream 
specimen. In patients with H-A UTIs urine 
sample was taken from the proximal part of the 
urinary catheter during the first, seventh and 
14th day after urinary catheterization, using a 
needle aspiration technique and applying asep-
tic principles. The diagnosis of H-A UTIs was 
established in patients with sterile urine culture 
taken on the first day, and positive urine culture 
on the seventh and the 14th  day after the urinary 
catheterization with >105 CFU/mL in case of 
asymptomatic bacteriuria, and  ≥103 CFU/mL 
of symptomatic UTIs, according to the guideli-
nes of IDSA (11). 
Identification of UTI causes was carried out by 
standard microbiological methods (11). Antimi-
crobial susceptibility was run using disk-diffusi-
on method on a Müeller-Hinton agar (Liophilm, 
Italia) for 21 antimicrobial agents (Becton Dic-
kinson, USA). Interpretation criteria were accor-
ding to the Clinical Laboratory Standard Institute 
(12). For internal control the following control 
strains were used: Escherichia coli ATCC 25922; 
Escherichia coli ATCC 35218; Pseudomonas 
aeruginosa ATCC 27853; Enterococcus faecalis 
ATCC 29212.
The t-test (if normal distribution assumed) and 
nonparametric proportion chi-square (χ2) tests 
were used for analyzing statistical difference 
between the groups. The level for statistical si-
gnificance was 5% (p=0.05).

RESuLTS

The most dominant causes of both H-T and 
O-T UTIs were E. coli, in 128 (64%) and 160 
(80%), respectively (Table 1, 2). The dominant 
causes of HA-UTIs were E. coli solely in se-
ven  (18.42%), and in mixed infection in seven 
(18.42%), extended-spectrum beta-lactamase-
producing (ESBL) Klebsiella pneumoniae, in 
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four (10.52%) and Enterococcus faecium and 
Candida albicans in three (7.89%) cases each 
(Table 3).
In the group of H-T and O-T UTIs E. coli was 
significantly more commonly isolated in female 
patients, in 111 (68.1%) and 148 (82.7%), res-
pectively (p=0.012 and p=0.006, respectively) 
(Table 1, 2), and in female patients <65 years 
old of H-T and H-A UTIs, in 87 (84.5%) and 
four  (40%) cases, respectively (p=0.000 and 
p=0.044, respectively) (Table 1, 3). Klebsiella 
pneumoniae and Pseudomonas aeruginosa were 
significantly more commonly isolated in male 
patients of H-T UTIs, 11 (29.7) and five (13.5%), 
respectively (p=0.000 and p=0.009, respective-
ly) (Table 1), and Proteus mirabilis, Klebsiella 
pneumoniae and Pseudomonas aeruginosa of 
O-T UTIs, four (19%), two (9.5%) and three 
(14.3%), respectively (p=0.000, p=0.009 and 
p=0.000, respectively) (Table 2). Enterococcus 
faecalis and Streptococcus agalactiae were not 
found as the UTI’s causes in male patients in the 
groups of H-T and O-T UTI, and Enterococcus 
faecalis in the group of H-A UTIs. 

Resistance of E. coli to ampicillin, amoxicillin 
and cefixime was significantly higher in the O-T 
UTIs group, 87.5%, 66.3% and 10%, respective-
ly compared to the H-T UTIs group, 75%, 54.7% 
and 9.4%, respectively (p=0.006, p=0.046 and 
p=0.004, respectively). It was found that E. coli 
from the H-A UTIs showed significantly higher 
resistance to ampicillin, amoxycillin, co-amoxic-
lav, cefuroxime, ceftriaxone, gentamicin and co-
trimoxazole in comparison with other two groups 
(p<0.05) (Table 4).
Proteus mirabilis showed high prevalence of 
resistance to ampicillin, amoxycillin and co-
trimoxazole (50-83.3%), and to other antimi-
crobial agents (6.3-18.8%). Klebsiella pneu-
moniae did not show resistance to imipenem, 
meropenem and cefepime. Pseudomonas ae-
ruginosa did not show resistance to imipenem 
and meropenem, Enterococcus faecalis did not 
show antimicrobial resistance to vancomycin 
and nitrofurantoin in H-T, and vancomycin, 
nitrofurantoin and gentamycin in O-T UTIs 
group. Streptococcus agalactiae did not show 
resistance to penicillin and vancomycin. With 

No (%) of strains

Age Total Escherichia 
coli

Proteus
mirabilis

Klebsiella
pneumoniae

Pseudomonas
aeruginosa

Enterococcus
faecalis

Streptococcus
agalactiae Other*

Females
<65 103 87 (84.5) 6 (5.8) 1 (1) 2 (1.9) 3 (2.9) 3 (2.9) 1 (1)
>65 60 24 (40) 8 (13.3) 2 (3.3) 3 (5) 5 (8.3) 1 (1.7) 17 (28.3)
Total 163 111 (68.1) 14 (8.6) 3 (1.8) 5 (3.1) 8 (4.9) 4 (2.5) 18 (11)

Males
<65 15 8 (53.3) 1 (6.7) 4 (26.7) 2 (13.3) 0 (0) 0 (0) 0 (0)
>65 22 9 (40.9) 1 (4.5) 7 (31.8) 3 (13.6) 0 (0) 0 (0) 2 (9.1)
Total 37 17 (45.9) 2 (5.4) 11 (29.7) 5 (13.5) 0 (0) 0 (0) 2 (5.4)

Total
 65 118 95 (80.5) 7 (5.9) 5 (4.2) 4 (3.4) 3 (2.5) 3 (2.5) 1 (0.8)
 65 82 33 (40.2) 9 (11) 9 (11) 6 (7.3) 5 (6.1) 1 (1.2) 19 (23.2)

Total 200 128 (64) 16 (8) 14 (7) 10 (5) 8 (4) 4 (2) 20 (10)

p 

F<65 F≥65 0.000 0.100 0.280 0.276 0.124 0.620 0.000
M<65 M≥65 0.461 0.781 0.738 0.979 - - 0.237

F M 0.012 0.520 0.000 0.009 0.170 0.336 0.303
<65 ≥65 0.000 0.197 0.067 0.211 0.208 0.511 0.000

Table 1. Prevalence of dominant causes of hospital-treated urinary tract infections with regard to sex and age of patients

*causes of  urinary tract infections were not dominant

No (%) of strains

Age Total Escherichia
coli

Proteus
mirabilis

Klebsiella
pneumoniae

Pseudomonas
aeruginosa

Enterococcus
faecalis

Streptococcus
agalactiae Other*

Females
<65 97 81 (83.5) 2 (2.1) 1 (1) 1 (1) 4 (4.1) 7 (7.2) 1 (1)
>65 82 67 (81.7) 0 (0) 1 (1.2) 1 (1.2) 8 (9.8) 4 (4.9) 1 (1.2)
Total 179 148 (82.7) 2 (1.1) 2 (1.1) 2 (1.1) 12 (6.7) 11 (6.1) 2 (1.1)

Males
<65 11 6 (54.5) 3 (27.3) 1 (9.1) 1 (9.1) 0 (0) 0 (0) 0 (0)
>65 10 6 (60) 1 (10) 1 (10) 2 (20) 0 (0) 0 (0) 0 (0)
Total 21 12 (57.1) 4 (19) 2 (9.5) 3 (14.3) 0 (0) 0 (0) 0 (0)

Total
<65 108 87 (80.6) 5 (4.6) 2 (1.9) 2 (1.9) 4 (3.7) 7 (6.5) 1 (0.9)
>65 92 73 (79.3) 1 (1.1) 2 (2.2) 3 (3.3) 8 (8.7) 4 (4.3) 1 (1.1)
Total 200 160 (80) 6 (3) 4 (2) 5 (2.5) 12 (6) 11 (5.5) 2 (1)

p 

F<65 F≥65 0.751 0.192 0.904 0.904 0.135 0.517 0.904
M<65 M≥65 0.803 0.326 0.944 0.484 - - -

F M 0.006 0.000 0.009 0.000 0.222 0.243 0.626
<65 ≥65 0.831 0.144 0.871 0.525 0.140 0.510 0.909

Table 2. Prevalence of dominant causes of outpatient-treated urinary tract infections with regard to age and sex of patients

*causes of urinary tract infections were not dominant
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regard to prevalence of antimicrobial resistan-
ce of Proteus mirabilis, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Enterococcus fae-
calis and Streptococcus agalactiae (other do-
minant causes of UTIs) within H-T and O-T 
UTIs  there was no significant difference found 
(p>0.05) (Table 5).
In the H-A UTIs, ESBL Klebsiella pneumoniae 
was resistant to all antimicrobial agents (100%) 
except to imipenem, meropenem and amikacin. 
Enterococcus faecium did not show resistance to 
teikoplanin, vancomycin and linezolid and 100% 
resistant to other antimicrobial drugs. 

DISCuSSION

Our results showed that E. coli was the most 
common cause of UTIs in all three groups, whi-
ch is in accordance with the data from the lite-
rature (1,2,4). Proteus mirabilis and Klebsiella 
pneumoniae were considerably common causes 
of H-T UTIs, which is a consequence of more 
complicated cases with serious clinical manife-

stations of UTIs in this group, and often require 
hospital treatment (13). 
The results of our study showed the prevalence of 
E. coli within H-T UTIs group of 64%, indicating 
its decline compared to the period from 2004 to 
2006 when its prevalence was 73.5% in this regi-
on (14). Researchers from Israel also reported the 
decline of E. coli prevalence during the period 
1991- 2000 (7). 
There was no single female patient with UTI 
caused by Staphylococcus saprophyticus in our 
sample, although it is one of the most common 
causes of UTIs in young sexually active females 
in some regions (15). According to several stu-
dies Candida albicans was a considerably more 
common cause of HA-UTIs in females (5), while 
there was no statistically significant difference 
found in its prevalence regarding the age and sex 
of our patients.
The analysis of dominant cause prevalent with 
regard to sex and age showed that E. coli was si-
gnificantly more commonly isolated in females 

No (%) of strains

Age Total Escherichia
 coli

Klebsiella
pneumoniae ESBL

Enterococcus
faecium

Candida
albicans

Without
isolates

Females
<65 10 4 (40) 0 (0) 2 (20) 0 (0) 4 (40)
³65 16 1 (6.3) 2 (12.5) 1 (6.3) 2 (12.5) 10 (56.3)

Total 26 5 (19.2) 2 (7.7) 3 (11.5) 2 (7.7) 14 (50)

Males
<65 5 2 (40) 1 (20) 0 (0) 0 (0) 2 (20)
³65 7 0 (0) 1 (14.3) 0 (0) 1 (14.3) 5 (57.1)

Total 12 2 (16.7) 2 (16.7) 0 (0) 1 (8.3) 7 (41.7)

Total
<65 15 6 (40) 1 (6.7) 2 (13.3) 0 (0) 6 (33.3)
³65 23 1 (4.3) 3 (13) 1 (4.3) 3 (13) 15 (56.5)

Total 38 7 (18.4) 4 (10.5) 3 (7.9) 3 (7.9) 21 (47.4)

p 

F-<65 F-≥65 0.044 0.255 0.296 0.255 0.428
M-<65 M-≥65 0.096 0.244 - 0.398 0.227

F M 0.850 0.407 0.228 0.946 0.635
<65 ≥65 0.008 0.535 0.322 0.153 0.170

Table 3. Prevalence of dominant causes of hospital-acquired urinary tract infections with regard to age and sex of patients 

Antimicrobial agents
No (%) of resistant strains p 

H-T UTIs O-T UTIs H-A UTIs H-T ↔ O-T H-T ↔ H-A O-T ↔ H-A
Ampicillin 96 (75) 140 (87.5) 14 (100) 0.006 0.035 0.161
Amoxycillin 70 (54.7) 106 (66.3) 13 (92.9) 0.046 0.006 0.041
Co-amoxiclav 17 (13.3) 30 (18.8) 12 (85.7) 0.213 0.000 0.000
Cefuroxime 8 (6.3) 16 (10) 4 (28.6) 0.253 0.005 0.038
Cefixime 12 (9.4) 16 (10) 4 (28.6) 0.004 0.233 0.051
Cefotaxime 9 (7) 6 (3.8) 3 (21.4) 0.214 0.068 0.004
Ceftriaxone 6 (4.7) 6 (3.8) 3 (21.4) 0.692 0.015 0.004
Ceftazidime 6 (4.7) 7 (4.4) 1 (7.1) 0.899 0.687 0.635
Cefepime 0 (0) 0 (0) 0 (0) - - -
Ciprofloxacin 11 (8.6) 16 (10) 2 (14.3) 0.684 0.484 0.614
Norfloxacin 13 (10.2) 15 (9.4) 3 (21.4) 0.824 0.207 0.157
Gentamicin 8 (6.3) 10 (6.3) 3 (21.4) 1.000 0.045 0.039
Amikacin 0 (0) 0 (0) 0 (0) - - -
Co-trimoxazole 64 (50) 90 (56.3) 13 (92.9) 0.291 0.002 0.008
Nitrofurantoin 6 (4.7) 5 (3.1) 1 (7.1) 0.492 0.687 0.430
Number of  isolates 128 160 14

Table 4. Antimicrobial resistance of E. coli in the groups of hospital-treated, outpatient-treated and hospital-acquired urinary tract 
infections 

HT, hospital-treated; OT, outpatient-treated; H-A, hospital-acquired;
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H-T and O-T UTIs, and in young females H-T 
and H-A UTIs. Klebsiella pneumoniae and Pse-
udomonas aeruginosa were significantly more 
common causes of the UTIs in males within the 
H-T and O-T UTI groups. Results from the Ze-
nica-Doboj Canton study have shown that E. coli 
as a cause of the CA-UTIs was the most common 
cause in all age groups of females, and non-E. coli 
in the age group >64 years in male patients (16).
Enterococcus faecalis and Streptococcus aga-
lactiae were not found to cause UTIs in males 
within the groups of H-T and O-T UTIs, and 
Enterococcus faecium in males within the H-A 
UTIs, which are not consistent with data from the 
literature reporting E. coli and Enterococcus fae-
calis amongst the most common causes of UTIs 
in male patients (17). Antimicrobial resistance of 
the UTI causes indicates a geographical variabi-
lity and time variability, besides that a continu-
al evaluation of the resistance of UTI causes to 
antimicrobial drugs in certain region is required 
(8,9,10,18). 
The results regarding antimicrobial resistance 
of E. coli in all three groups of patients showed 
that resistance to ampicillin and amoxycillin in 
all three groups was high. E. coli resistance to 
aminopenicillins in 2009 for European countri-
es that participate in the European Antimicrobial 
Resistance Surveillance System, (EARSS) was 
from 50-66.5% (19). In this study, prevalence of 
resistance of E. coli to co-amoxiclav in the H-T 

Antimicrobial 
agents

% of antimicrobial resistance
Proteus mirabilis Klebsiella pneumoniae Pseudomonas aeruginosa Enterococcus faecalis Streptococcus agalactiae
H-T O-T p H-T O-T p H-T O-T p H-T O-T p H-T O-T p 

Penicillin - - - - - - - - - - - 0.0 0.0 -
Ampicillin 68.8 66.7 0.926 92.6 100.0 0.583 - - - 12.5 16.7 0.801 25.0 63.6 0.207
Amoxicillin 56.3 50.0 0.795 71.4 75.0 0.889 - - - 12.5 8.3 0.764 25.0 63.6 0.207
Co-amoxiclav 6.3 16.7 0.457 57.2 50.0 0.801 - - - - - 0.0 18.2 0.376
Piperacillin - - - - - - 10.0 0.0 0.477 - - - - -
Norfloxacin 12.5 16.7 0.802 12.4 25.0 0.544 30.0 40.0 0.704 25.0 16.7 0.653 25.0 45.5 0.486
Ciprofloxacin 18.8 16.7 0.911 14.3 50.0 0.149 50.0 60.0 0.720 12.5 25.0 0.502 - - -
Imipenem - - - 0.0 0.0 - 0.0 0.0 - - - - - -
Meropenem - - - 0.0 0.0 - 0.0 0.0 - - - - - -
Vancomycin - - - - - - - - - 0.0 0.0 0.0 0.0 -
Cefuroxime 12.5 16.7 0.802 64.3 75.0 0.694 - - - - - - - -
Cefotaxime 12.5 16.7 0.802 71.4 75.0 0.889 - - - - - - - -
Ceftriaxone 6.3 0.0 0.537 28.6 25.0 0.889 80.0 80.0 1.000 - - - - -
Ceftazidime 6.3 16.7 0.457 14.3 25.0 0.619 10.0 - - - - - - -
Cefepime 0.0 0.0 - 0.0 0.0 - - - - - - - - -
Erythromycin - - - - - - - - - 12.5 8.3 0.764 0.0 18.2 0.376
Doxycycline - - - - - - - - - 12.5 8.3 - - -
Gentamicin 18.8 16.7 0.911 35.7 50.0 0.611 40.0 40.0 1.000 0.0 8.3 0.414 25.0 45.5 0.486
Amikacin 12.5 16.7 0.802 7.2 0.0 0.588 10.0 0.0 0.477 - - - - -
Co-trimoxazole 68.8 83.3 0.501 42.9 75.0 0.274 - - - - - - - -
Nitrofurantoin - - - 64.3 75.0 0.694 - - - 0.0 0.0 0.0 18.2 0.376
Number of isolates 16 6 14 4 10 5 8 12 4 11

Table 5. Antimicrobial resistance of other dominant causes within hospital-treated and outpatient-treated urinary tract infections 

HT, hospital-treated; OT, outpatient-treated

and O-T UTIs (community-acquired UTIs) from 
13.3% to 18.8% was detected, but the report from 
Zenica-Doboj Canton has showen that E. coli had 
high antimicrobial resistance to co-amoxiclav, of 
33.2% (16). 
E. coli showing resistance prevalence to third 
generation cefalosporine of 3.8-7% in this study 
did not deviate much from the results presented 
by neighboring European countries involved in 
EARSS (19). However, our study did not regi-
ster any E. coli ESBL type, while the prevalence 
of ESBL-positive isolates reaches the amount of 
85-100% in the neighboring European countri-
es (19). Resistance of E. coli to fluoroquinolo-
nes was found up to 10.2% within the group of 
patients without urinary catheter, and within the 
group of patients with urinary catheter the resi-
stance was 14.3% to ciprofloxacin and 21.4% to 
norfloxacin. E. coli resistance to fluoroquinolo-
nes in most European countries is above 20%, 
which is probably due to its frequent administra-
tion in outpatient treatment (19). E. coli showed 
low antimicrobial resistance to nitrofurantoin in 
all three groups, which is in concordance with a 
study from the USA (20). 
Within the HA-UTIs (patients with urinary cathe-
ter), antimicrobial resistance of causes was con-
sidered high. ESBL-producing Klebsiella pneu-
moniae was resistant to all antimicrobial drugs 
except to imipenem, meropenem and amikacin. 
In the largest part of Europe its resistance to kar-
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bapenemes is below 1%, but in Greece it is as 
high as 43.5% (17). Enterococcus faecium has 
not shown resistance to teikoplanin, vankomycin 
and linezolid, while in some European countries 
(Ireland, Luxemburg) vankomycin-resistance is 
above 35% (19).
Results of the studies conducted so far have 
shown that antimicrobial resistance of causes for 
hospital-acquired UTIs is considerably higher 
than the antimirobial resistance of causes for co-
mmunity-acquired UTIs (3,8,9). Our study has a 
specific design because it included the analysis 
of prevalence and antimicrobial resistance within 
three groups. The groups with H-T and O-T UTIs 
are derived from community-acquired UTIs, 
while HA-UTIs are an infection acquired in the 
hospital. After mutual comparisons of antimicro-
bial resistance of causes for UTI between all the 
three groups, interesting results have been obtai-
ned. Those results indicate that the antimicrobial 
resistance of E. coli had a considerably higher 
antimicrobial resistance to ampicillin, amoxici-
llin and cefixime in the group of outpatient-tre-

ated than in the group of hospital-treated UTIs 
even though both were derived from the same 
origin (they were both acquired in the commu-
nity of the same region). The results regarding 
the prevalence of UTIs causes and their antimi-
crobial resistance are specific and diverse in H-T, 
O-T and H-A groups. The empirical antimicrobi-
al therapy of such infections in this region should 
include for females < 65 years old co-amoxiclav, 
nitrofurantoin, cefepime, and ceftazidime in both 
H-T and H-A UTIs; cefalosporines, co-amoxic-
lav and nitrofurantoin in O-T UTIs. For females 
≥65 years old, cefalosporines, aminoglicosides, 
and ciprofloxacin, in H-T and O-T UTIs should 
be included. For H-A infections in females ≥ 65 
years as well as for all male patients antimicrobi-
al susceptibility testing should be performed.
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Dominantni uzročnici infekcija urinarnog trakta u Klinici za infek-
tivne bolesti Tuzla
Dilista Piljić1, Humera Porobić-Jahić1, Dragan Piljić2 Rahima Jahić1, Jasminka Petrović1

1Klinika za infektivne bolesti, 2Klinika za kardiovaskularne bolesti; Univerzitetski klinički centar Tuzla, Bosna i Hercegovina

SAŽETAK

Cilj  Utvrditi prevalenciju i antimikrobnu rezistenciju dominantnih uzročnika infekcija urinarnog trakta 
(IUT) u pacijenata liječenih u Klinici za infektivne bolesti Univerzitetskog kliničkog centra Tuzla, u 
periodu od januara 2010. do jula 2011. godine. 

Metode  U ovu prospektivnu studiju bilo je uključeno 438 pacijenata podijeljenih u tri grupe: bolesnici 
s bolnički liječenim (B-L), vanbolnički liječenim (VB-L) i bolnički stečenim (B-S) IUT-om. Identifi-
kacija uzročnika IUT-a urađena je standardnim mikrobiološkim metodama, a antimikrobna osjetljivost 
disk-difuzionom metodom u skladu s CLSI-om. 

Rezultati  E. coli je značajno češće izolirana u žena u B-L, 111 (68,1%) (p=0,012) i VB-L 148 (82,7%) 
(p=0,006) grupama, kao i u žena <65 godina u B-L, 87 (84,5%) (p=0,000) i B-S 4 (40%) (p=0.044) 
grupama. Klebsiella pneumoniae i Pseudomonas aeruginosa su značajno češće izolirani u muškaraca 
u B-L, 11 (29,7%) (p=0,000); pet (13,5%) (p=0,009) i u VB-L dva (9,5%) (p=0,009);  tri (14,3%) 
(p=0,000) IUT. E. coli je pokazala značajno višu prevalenciju antimikrobne rezistencije na amoksicilin, 
koamoksiklav, cefuroksim, ceftriakson, gentamicin i kotrimoksazol u grupi B-S u odnosu na druge 
dvije grupe (p<0,05), ali i značajno višu antimikrobnu rezistenciju na ampicilin, amoksicilin i cefiksim 
u grupi VB-L nego u B-L grupi (p<0.05). 

Zaključak  Empirijska antimikrobna terapija za žene <65 godina trebala bi uključivati koamoksiklav, 
nitrofurantoin, cefepim i ceftazidim u B-L i B-S, te cefalosporine, koamoksiklav i nitrofurantoin u VB-L 
IUT. Za žene ≥ 65 godina, cefalosporine, aminoglikozide i ciprofloksacin u B-L i VB-L IUT. Za B-S 
IUT, u žena ≥ 65 godina i svih muškaraca trebalo bi testirati antimikrobnu osjetljivost. 

Kllučne riječi: uzročnici, prevalencija, antimikrobna rezistencija
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ABSTRACT 

Aim To investigate serum creatinine and electrolyte status of 
children with diarrhea-related hyponatremic or hypernatremic 
dehydration.

Methods Medical history of 83 patients admitted to the Pediatric 
Intensive Care Unit of the Konya Education and Research Hospi-
tal, Konya, Turkey with diarrhea, dehydration and electrolyte im-
balance was retrospectively evaluated according to the degree of 
dehydration, serum creatinine, electrolytes, blood gas, approaches 
to the treatment such as content of given fluid, HCO3- and acute 
periotenal dialysis. Of 65 patients with hyponatremia, 44 (67.7%) 
were given fluids at appropriate concentration according to their 
age, and 21 (32.3%) were given fluids at higher concentration. Of 
18 hypernatremic patients, 11 (61.1%) were given fluids at appro-
priate concentration for age, and seven (38.9%) were given fluids 
at higher concentration. 

Results Mean duration of amelioration of serum sodium levels for 
those admitted with hyponatremia and given fluids at appropriate 
concentration for age and at higher concentration were 33.9±28.3 
h and 53.7±31.6 h, respectively. Mean duration of amelioration 
of serum sodium levels for hypernatremics and given fluids at 
appropriate concentration for age and at higher concentration were 
34.7±22.1 h and 46.3±32 h, respectively. Four (4.8%) hyponatre-
mic patients and three (3.6%) with hypernatremia were treated 
with acute peritoneal dialysis. Mortality rate was 6% (five of all 
patients).

Conclusion The children with severe diarrhea should be closely 
followed-up as to clinical examination, serum electrolytes, crea-
tinine and blood gases, and because no single intravenous fluid 
management is optimal for all children, intravenous fluid therapy 
should be individualized for each patient.

Keywords: diarrhea, dehydration, electrolyte imbalance, fluid 
management, hyponatremia, hypernatremia
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INTRODuCTION

Diarrhea-related dehydration (DR-dehydration) 
is a significant cause of mortality and morbidi-
ty in infants and children worldwide (1). Oral 
rehydration treatment is the modality chosen in 
cases of mild to moderate dehydration due to di-
arrhea in children. However, in cases with mode-
rate to severe dehydration that vomit and cannot 
orally be fed,  intravenous (IV) fluid therapy is 
indispensable (2).  The use of fluid therapy in 
dehydration still remains controversial among 
pediatricians. Despite main procedures parallel 
to each other, each clinic is of specific treatment 
regimes. The discrepancy may lead to confusion 
and miscalculation in the management, even cau-
sing potentially fatal complications in critical pa-
tients (3,4). The following main concepts related 
to DR-dehydration should be revealed to under-
stand the treatment modalities far better.
The grades of dehydration are categorized into 
three categories, as mild (<5%), moderate (5-
10%) and severe (>10%) in the newborns and 
children according to the percentage of lost body 
weight. In children with older age, however, the-
se rates are advised to be utilized as 3%, 6%, 
and 9% for mild, moderate and severe grades of 
dehydration, respectively (5). Such physical fin-
dings as ill general appearance, sunken eyeballs, 
dryness of mucous membranes, decreased skin 
turgor, prolonged capillary refill time, abnormal 
respiratory pattern, tachycardia and hypotension 
are beneficial in the determination of severity 
of dehydration (2,6,7). However, the laboratory 
findings such as oliguria, increase in the density 
of urine, increased levels of urea and creatinine, 
electrolyte imbalance and the existence of meta-
bolic acidosis in blood gas give only supportive 
evidence (8). Due to diarrhea, dehydration may 
develop in 3 types as hyponatremic, isonatremic 
and hypernatremic (9). Amounts of Na+ advised 
to treat the different forms of dehydration vary 
from one regime to another (10,11).
Intravenous fluid therapy of dehydrated children 
consists of three components: the restoration of 
intravascular volume by expanding the initial vo-
lume via giving fluid bolus, fluid deficit therapy to 
correct dehydration and to replace fluids and elec-
trolytes already lost on presentation, and lastly ma-
intenance fluid therapy to meet physiological fluid 
requirements during the rehydration phase (12). 

A marked consensus is present on such general 
therapeutic approaches, but discrepancies on the 
content of fluids to be given still keep on going. 
In our study, as the  pediatric intensive care unit 
(PICU) of a tertiary hospital admitting patients 
from low-middle socio-cultural segment, we ai-
med to determine the type of dehydration and its 
frequency in children admitted with moderate to 
severe dehydration and serious electrolyte imba-
lance, and to discuss our clinical experiences and 
approaches to hyponatremic vs. hypernatremic 
patients in light of literature.

PATIENTS AND METhODS

Eighty-three patients with moderate to severe 
DR-dehydration and requiring IV fluid thera-
py,, admitted to the PICU of Konya Education 
and Research Hospital, Turkey, between January 
2011 and January 2013, constituted the patient 
group of the retrospective study.  
In the first place, patients aged 1 month and 16 years, 
and with serum levels of Na+ ≤130 or >150mEq/L 
were scanned from hospital records. A total of 83 
patients (65 hyponatremic and 18 hypernatremic) 
were included into the study, and their files were 
retrospectively assessed. Only those receiving IV 
fluid treatment because of intolerance of oral rehy-
dration therapy were included into the study, and 
those with diseases, such as chronic renal failure, 
metabolic disorder, endocrinopathy, pneumonia, 
heart failure and central nervous system disorder 
were excluded from the study. 
In the assessment, the scores related to age, gen-
der, degree of dehydration (moderate or severe), 
serum creatinine, Na+, K+, Cl-, content of given 
fluid (appropriate for age and at higher concen-
tration), outcomes of patients and whether the 
management of HCO3- was administered or not, 
and whether acute periotenal dialysis treatment 
was started or not, were determined. Also, it was 
determined whether the management of Na+ defi-
cit was given or not, and the durations spent for 
the increase of serum Na+ level over 130mEq/L 
in hyponatremic patients and for the fall of serum 
Na+ level under 150mEq/L in hypernatremic pa-
tients. Then, these durations were categorized as 
the first 24h, 25-48 h, 49-72 h and  >72 h.
In our clinic, infants aged between 1-9 months 
are given fluids with the content of N/4 (a qu-
arter, NS; and, three quarters, 5% dextrose), and 
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infants >9 months and children are given N/3 (a 
third, NS; and, two thirds, 5% dextrose). Howe-
ver, as higher concentrated fluids, N/3 is given to 
infants aged between 1-9 months, and N/2 (one-
to-one, NS and 5% dextrose) is given to infants 
of >9 months and children.
Results were expressed as mean±standard devia-
tion. Normally distributed data were assessed by 
the Kolmogorov-Smirnov test. Analysis of data 
was based on non-parametric statistical methods 
due to the small size of samples and abnormal 
distribution of variables. The Mann-Whitney U 
test for paired comparisons was used for subgro-
up analysis. One-way variance analysis was per-
formed to compare mean serum Na+ levels accor-
ding to categorized durations. In order to detect 
in what groups there are significant differences, 
Tukey’s test was performed. A p<0.05 was accep-
ted as statistically significant. 
An approval was obtained from the Ethics Com-
mittee of Konya Education and Research Hospi-
tal, Turkey.  

RESuLTS

Mean age rate of 83 patients was 31.3±4 mon-
ths, and 42 (50.6%) and 41 (49.4%) of patients 
were males and females, respectively (Table 1). 
Moderate dehydration in 58 (69.9%) and severe 
dehydration in 25 (30.1%)  patients were found, 
and the number of those admitted with hypona-
tremia and hypernatremia was 65 (78.3%) and 
18 (21.7%), respectively. While mean age rate 
of hyponatremic patients was 37.5±42.4 months 
(min=1, max=144), the rate for hypernatremics 
was 8.7±16 months (min=1, max=72). The fact 
that younger patients tend to be hypernatremic 
was remarkable, and the difference was statisti-
cally significant (p=0.001). Although a negative 
correlation was observed between age and degree 
of dehydration, no significant difference was fo-
und (r= -0.119, p=0.286).

Among hyponatremic patients, 44 (67.7%) were 
given fluids at appropriate concentration for age, 
and 21 (32.3%) were given fluids at higher con-
centration (Table 2). Of those with hypernatre-
mia, 11 (61.1%) were given fluids at appropriate 
concentration for age, and seven (38.9%) were 
given fluids at higher concentration. 

Hyponatremic 
Group n=65 

(78.3%)

Hypernatremic
Group n=18 

(21.7%)

All study 
Group n=83 

(100%)
Age (month), mean±SD 37.5±42.4 8.7±16 31.3 ± 40
Gender 
(No, %)

male 30 (46.2) 12 (66.7) 42 (50.6)
female 35 (53.8) 6 (33.3) 41 (49.4)

Degree of dehy-
dration (No, %)

moderate 49 (75.4) 9 (50) 58 (69.9)
severe 16 (24.6) 9 (50) 25 (30.1)

Table 1. Baseline clinical characteristics and degree of dehy-
dration in hyponatremic and hypernatremic patients

SD, standard deviation

Hyponatremic 
group n (%)

Hypernatremic 
group n (%)

Those given fluids at appro-
priate concentration 44 (67.7) 11 (61.1)

Those given fluids at higher 
concentration 21 (32.3) 7 (38.9)

Treatment of Na+  deficit 13 (20) -
Treatment of HCO3-  deficit 7 (10.8) 6 (33.3)
Peritoneal dialysis 4 (6.2) 3 (16.7)
MDA (h) 40.3 ± 30.6 39.2 ± 26.1
MDA with appropriate 
conc. (h) 33.9 ± 28.3 34.7 ± 22.1

MDA with higher conc. (h) 53.7 ± 31.6 46.3 ± 32
Discharged* 60 (92.4) 18 (100)
Exitus 5 (7.6) -

Table 2. Distribution of treatment modalities and their clinical 
results in hyponatremic and hypernatremic patients

*The patients discharged from the hospital in good health MDA, 
mean duration of amelioration

Of hyponatremic patients, the treatment of Na+ 
deficit was given to 13 (20%) and the treatment 
of HCO3- deficit to seven (10.8%). Four (6.2%) 
patients were treated with acute peritoneal dial-
ysis. While the treatment of HCO3- deficit was 
given to six (33.3%) patients in hypernatremia 
group, three (16.7%)  were treated with acute pe-
ritoneal dialysis. Mean duration of amelioration 
in patients with hyponatremia was 40.3±30.6 h 
(elevation of serum Na+ level over 130 mEq/L), 
and mean duration of amelioration in hypernatre-
mic patients was 39,2±26,1 h ( fall of serum Na+ 
level lower than 150 mEq/L).
In those admitted with hyponatremia, mean du-
ration of amelioration of serum Na+ level was 
33.9±28.3 h in patients given fluids appropriate 
for age, and 53.7 ± 31.6 h in those given fluids 
at higher concentrations. The difference was 
statistically significant (p=0.006). While mean 
serum Na+ level of those given fluids at higher 
concentration was 124.4±5 mEq/L, the level was 
127±3.4 mEq/L in patients given fluids appropri-
ate for age, and the difference was statistically 
significant (p=0.015).
In those admitted with hypernatremia, mean dura-
tion of amelioration of serum Na+ level was 34.7 
± 22.1 h in patients given fluids appropriate for 
age, and 46.3 ± 32 h in those given fluids at hi-
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gher concentrations, but no significant difference 
was found (p=0.586). While mean serum Na+ le-
vel of those given fluids at higher concentration 
was 158.6±11.1 mEq/L, the level was 163.4±7.1 
mEq/L in patients given fluids appropriate for 
age, and the difference was statistically significant 
(p=0.049). All the deaths took place in hyponatre-
mia group, and the rate of deaths was 7.6% (n=5). 
The improvement rates of patients with hyponatre-
mia were 44.6% in the first 24 h, 23.1% between 
25-48 h, 20% between 49-72 h, and 12.3 % after 
72 h (Table 3). The improvement rates of patients 
with hypernatremia were 33.3% in the first 24 h, 
27.8% between 25-48 h, 33.3% between 49-72 
h, and 5.6% after 72 h. Mean Na+ levels of pati-
ents with hyponatremia and hypernatremia were 
126.2±4.1 mEq/L (range 113–130) and 160.5±9.8 
mEq/L (range 151–181), respectively.

Among our patients, 18 (22%) were determined as 
hypocalemic, and five (6%) as hypercalemic. Of 18 
patients with hypocalemia, 16 were in hyponatre-
mic group, and two in hypernatremic group, whi-
le four patients were hyponatremic, and one was 
hypernatremic in hypercalemic group. In 17 (20%) 
patients, acute renal failure was detected (serum 
creatinine > 1.1 mg/dL). Twelve of these were 
hyponatremic, and 5 were hypernatremic. While 
seven of the patients with acute renal failure were 
administered with acute peritoneal dialysis, the rest 
were improved with fluid management alone.

DISCuSSION

Dehydration, which may be associated with elec-
trolyte imbalance and metabolic acidosis, is the 
most encountered and dangerous complication in 
children with diarrhea (13). Prevention of dehy-
dration is the mainstay of diarrhea treatment in 
children. A child with minimal or no dehydration 
should be encouraged to continue the usual diet 
along with drinking adequate fluids (14). If seve-
re dehydration is present, a child with diarrhea 
should receive IV fluid until stabilized (2). 
In patients admitted with severe dehydration or 
shock, IV restoration is started with normal sa-
line (NS) or lactated Ringer’s solution for 10 to 
15 min as 20 ml/kg. The procedure is repeated, 
if necessary (15,16,). In our clinical practice, we 
also load NS to the patients admitted with dehy-
dration or shock and if necessary, repeat the load 
while following-up the patients as to pulse pre-
ssure, capillary refill time, mental status and uri-
ne output. It is important to closely monitor fluid 
electrolytes and acid-base status after the initial 
restoration therapy. Children with plasma pH 
lower than 7.25, after the initial volume expan-
sion, should be given IV HCO3- to increase pla-
sma pH to 7.25 (1). As consistent with literature, 
we also give HCO3- deficit treatment to patients 
diagnosed with severe metabolic acidosis in the 
evaluation of blood gas. Additionally, we add K+ 
of 20 mEq per liter into the patient’s IV fluid after 
urination and increase the amount up to 60 mEq 
per liter according to serum K+  level. 
In rehydration treatment, the aim is to give ne-
cessary fluid for both normal metabolic needs 
and compensating present losses of fluid, but no 
consensus is present on the content of fluid to be 
given. While some researchers advocate for gi-

Hyponatremic 
Group

Hypernatremic 
Group

First 24 h, n (%) 29 (44.6) 6 (33.3)
25-48 h, n (%) 15 (23.1) 5 (27.8)
49-72 h, n (%) 13 (20.0) 6 (33.3)
>72 h, n (%) 8 (12.3) 1 (5.6)
Mean Na+ level (mEq/L) 126.2 ± 4.1 160.5 ± 9.8
Mean Na+ level in first 24 h 
(mEq/L) 127±4 153.8

Mean Na+ level between 25-48 h 
(mEq/L) 126.7±2.4 159.2

Mean Na+ level between 49-72 h 
(mEq/L) 126.6±2.1 166.8

Mean Na+ level after 72 h 
(mEq/L) 121.4±6.7 169

Table 3. A distribution of hyponatremic and hypernatremic 
patients, and mean Na+ levels according to categorized dura-
tion of amelioration

In hyponatremic patients, compared to mean Na+ 
levels of groups according to categorized dura-
tions, the difference among the groups was seen 
to be significant. The difference was detected to 
arise from the 4th group. Mean serum Na+ levels 
of the first three groups were close to each other 
as 127±4mEq/L in those improving in the first 24 
h, 126.7±2.4mEq/L in those improving between 
25-48 h and 126.6±2.1mEq/L in those improving 
between 49-72 h. In the 4th group, mean Na+  level 
was 121.4±6.7mEq/L, though.
Among hypernatremic patients improving in the 
first 24 h, mean Na+  level was 153.8 mEq/L; in 
those improving between 25-48 h, the level was 
159.2 mEq/L; among those improving between 
49-72 h, the level of Na+ was 166.8 mEq/L; and, 
in the patient improving after 72 h, mean level of 
Na+  was found as 169 mEq/L.
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ving isotonic fluids like NS (17,18), others assert 
that giving hypotonic fluids such as N/2, N/3, N/4 
and N/5 is a more convenient approach (19). As 
consistent with literature (1,20), we categorize 
our patients as hyponatremic, isonatremic and 
hypernatremic, and then decide on the content of 
the fluid to be given.
Because a speed increase in serum Na+ level may 
lead to central pontine myelinosis in patients with 
hyponatremic dehydration, giving hypernatremic 
fluids should be avoided. The aim is to increase 
serum Na+ level at the rate of ≤ 2 mEq/L per hour 
(21). However, patients with serum Na+ concen-
tration less than 125 mEq/L are often symptoma-
tic and require infusion of hypertonic 3% saline 
(0.5 mEq/ml) to increase serum Na+ level to 125 
mEq/L (1). So, we give Na+ deficit treatment if 
the patient is hyponatremic, and Na+ level is <125 
mEq/L. We check serum electrolyte levels 8 h 
after starting the deficit treatment. If serum Na+ 

level is between 125-130 mEq/L,  we give fluid 
at a higher rate than appropriate concentration for 
age. When Na+ level is >130 mEq/L, we give the 
fluid at appropriate concentration for age. 
Because a speed decrease in serum Na+ level may 
lead to cerebral edema in patients with hyperna-
tremic dehydration, giving hypotonic fluids sho-
uld be avoided. The aim is to decrease the level 
of Na+ at the rate of 0,5 mEq/L per h (12). Hence, 
if the patient is hypernatremic, and the level is 
>160 mEq/L, we start rehydration treatment with 
NS. When serum Na+ level is <160 mEq/L, we 
give fluids at appropriate concentration for age. 
Four hours after the initial rehydration treatment, 
we check serum electrolytes and adjust fluid con-
centration according to the clinical view, urine 
output and serum Na+ level (13,18,22).
Maintenance fluid should be started after the pa-
tients are rehydrated (19). We also give our pati-
ents IV maintenance fluid, the amount of which 
is calculated according to Holiday and Segar’s 
formula, at appropriate concentration for age af-
ter rehydration treatment. In our modality, infants 
aged 1-9 months, and infants >9 and children are 
given N/4 and N/3 as fluids appropriate for age, 
respectively. Then, patients are switched to oral 
normal dieting, as soon as possible.
Mean serum Na+ level of our patients with hypo-
natremia was 126.2±4.1mEq/L, and mean durati-
on of amelioration was 40.3±30.6 h. As to hypo-

natremia, if critical serum Na+ level is accepted 
as 130 mEq/L (1),  it may be calculated nearly 
as an increase of 0.1 mEq/L per hour. Such an 
increase was lower than  ≤ 2 mEq/L per hour re-
commended in literature (21). The slow increa-
se might have arisen from the fact that both our 
study group was composed of those with severe 
hyponatremia, and we utilized hypotonic fluids 
more frequently in rehydration treatment.
Of 65 patients with hyponatremia in our study, 
67.7% and 32.3% were given fluid at appropri-
ate concentration for age and at higher concen-
tration, respectively. Mean duration of ameliora-
tion of serum Na+  level in patients given fluids 
at appropriate concentration for age was shorter 
than those given fluid at higher concentration. It 
was considered that this difference arose from the 
fact that patients given fluid at higher concentra-
tions had lower level of serum Na+. This finding 
explained why mean duration of amelioration 
was longer in those given fluid at higher con-
centration. On the other hand, when mean Na+ 

values of the groups were compared according 
to categorized durations in patients with hypona-
tremia, the difference was seen to be significant 
only in the 4th group (>72 h); however, mean Na+ 

values of the other three groups were found to 
be similar. As anticipated, this finding was a sign 
that lower level of serum Na+ was improved in a 
longer period, and the slow increase might also 
be appropriate in terms of the risk of osmotic de-
myelination emphasized in literature (1,23).
Mean serum Na+ level of our patients with hyper-
natremia was 160.5±9.8 mEq/L, and mean dura-
tion of amelioration was 39.2±26.1 h. If critical 
serum Na+ level is accepted as 150 mEq/L regar-
ding hypernatremia (1), it may be calculated ne-
arly as a decrease of 0.25 mEq/L per hour, and 
such a decrease was lower than 0.5 mEq/L per 
hour recommended in literature (12). Further-
more, mean duration of amelioration of serum 
Na+ level of those with hypernatremia and given 
fluid at appropriate concentration for age was 
34.7±22.1 h. However, mean duration of ame-
lioration in those given fluid at higher concen-
tration was 46.3±32 h. Although it was statisti-
cally insignificant, the difference was considered 
to arise from the fact that patients given fluid at 
higher concentration had serum Na+  at a higher 
level. Mean serum Na+  levels of those given flu-
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id at appropriate concentration for age and those 
given fluid at higher concentration in our study 
were a sign indicating that higher serum Na+  le-
vel improved in a longer time, and such a slower 
decrease in serum Na+  level was appropriate as to 
cerebral edema emphasized in literature (1,24).
The rate of hyponatremic patients found in this 
study indicated that diarrhea leads to hyponatre-
mia rather than hypernatremia in children. Addi-
tionally, the fact that mean age of hypernatremic 
patients was lower, compared to hyponatremic 
ones suggested that younger patients tended to 
hypernatremia rather than hyponatremia. In light 
of these findings, it may be speculated that pa-
tients with DR-dehydration should be evaluated 
as to electrolyte imbalance, and while infants 
should be evaluated as to hypernatremia, others, 
especially pre-school children should be assessed 
as to hyponatremia.
In a study performed by El-Bayoumi et al., the 
mortality rate is reported as 8.3% (12). The mor-
tality rate was 7.6% in our hyponatremic patients, 
whereas the rate was zero in those with hyperna-
tremia. The fact that no mortality was presented 
in hypernatremic group may be originating from 
the small number of patients in our study. Still, it 
may be speculated that especially hyponatremic 
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ABSTRACT 

Aim To evaluate the characteristics of patients with hepatitis B 
virus (HBV) infection and summarize the treatment modalities.

Methods By September 30, 2011 the data of 7871 HBsAg (+) pa-
tients were complied and analysed according to demographic and 
medical records (age, sex, laboratory tests, treatment with antiviral 
agents) in thirty centres of Turkey.

Results Of the 7871 patients 3078 (39.1%) were females; mean 
(standard deviation) age was 35 (14) years, 3180 (40.4%) were 
HBsAg positive (+) after admission to a hospital, 1488 (18.9%) 
after blood donation and 967 (11.9%) were found during routine 
screening. The HBV prevalence among relatives of HBsAg (+) 
patients was 1764 (22.4%), and most frequently infected fami-
ly members were siblings and mothers, 4961 (63.0%) and 2149 
(27.3%), respectively). Anti-HDV was negative in 7407 94.1% of 
patients. Three-fourths of the patients 6383 (81.1%) were HBeAg 
negative (-). Mean (SD) ALT was 85.8 (266.4) U/L. Majority of 
patients, 5588 (71.0%) were chronic hepatitis-B patients under tre-
atment, while 2283 (29.0%) were asymptomatic carriers without 
treatment and only 165 (2.1%) of patients were cirrhotic and 6612 
(84.0%) of those were compensated. One-third of the patients 
2983 (37.9%) were under a combined treatment, while others were 
under monotherapy. Lamivudine, entecavir and adefovir were the 
most frequently used oral therapies, used for 2583 (32.8%), 11.6% 
and 787 (10.0%) of patients, respectively), while 2975 (37.8%) of 
patients were under interferon treatment.

Conclusion Hepatitis B is still a problem in our country. First task 
of the physicians and our state should be to prevent the develo-
pment and spread of the disease with education and vaccination 
programs, safe blood transfusions, and control of barbers. 
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INTRODuCTION

Hepatitis B virus (HBV) infection is a major cause 
of morbidity and mortality worldwide (1,2). The 
World Health Organisation (WHO) has reported 
that ∼2000 million people worldwide have been 
infected with Hepatitis B virus and that 350 mi-
llion of these are chronically infected. The World 
Health Organisation estimated that 65 million of 
chronically infected patients will die from liver di-
sease due to their HBV infection (1,2). 
Hepatitis B virus is transmitted by percutaneous or 
permucosal exposure to infected blood or body flu-
ids and its incubation period ranges from 40 to 160 
days. Acute HBV infections are generally asympto-
matic (1). In adults, ∼30% will present with jaundice 
and hepatitis and 0.1–0.5% develop fulminant liver 
failure. During acute infection, hepatitis B surface 
antigen (HBsAg) and hepatitis B e antigen (HBeAg) 
can be detected in the serum. There are high levels 
of IgM antibodies to the viral core antigen (IgM an-
ti-HBc) in acute period (1-4). A successful host im-
mune response to the virus leads first to clearance of 
HBeAg and subsequent clearance of HBsAg (1-4). 
The appearance of antibodies to HBsAg demonstra-
tes recovery from acute infection (1-4). The persi-
stence of HBsAg for >6 months from its first detec-
tion defined as chronic hepatitis B (CHB) infection. 
The likelihood of developing CHB varies according 
to the age at which the infection is acquired, the risk 
being lowest in adults (<5%) and greatest in neona-
tes born to HBeAg positive mothers (∼90%) (1-4).
The prevalence of HBV infection varies geograp-
hically. Areas are divided into three groups in the 
world as follows: areas of high (>8%), intermediate 
(2–8%) and low (<2%) endemicity (1,2). Overall, 
45% of the global population live in areas of high 
prevalence (4). In low prevalence areas (etc. Nort-
hern Europe and North America), HBV infection is 
primarily acquired in adult age group through sexu-
al contact or injecting drug use. However, in areas 
of high endemicity, it is most commonly acquired 
perinatally or in early childhood (1,2).
Turkey is an intermediate endemic area. According 
to our knowledge our study is of the largest scale 
including 7871 patients with HBV. With this multi-
centre study we aimed to evaluate the characteristi-
cs of patients with hepatitis B virus infection and 
summarize the treatment modalities. We believe 
that our country and the world literature will acqu-
ire important data with this study.

PATIENTS AND METhODS

Participants

A total of 7871 patients who were HbsAg po-
sitive or HBV positive were included in this 
multi-centre study. Mean age of the patients was 
35 (standard deviation 14) years; 3078 (39.1%) 
were females; and 4793 (60.9%) were males. 
The data of the patients including demographic 
and medical records (age, sex, laboratory tests, 
treatment with antiviral agents) were collected 
from seven regions (30 centres) of Turkey in-
cluding Marmara, Aegean, Black Sea, Central 
Anatolia and Mediterranean, Eastern and Sou-
th-eastern Anatolia.  All participants gave their 
written informed consents. The study conformed 
to the standards set by the latest revision of the 
Declaration of Helsinki and was approved by the 
Ethical Committee of the School of Medicine, 
Diyarbakir, Turkey.

Laboratory methods

In this study the Hepatitis B surface antigen 
(HBsAg), Anti-HBs, Hepatitis B envelope an-
tigen (HBeAg), Anti-HBe, Anti-HBc and HBV 
DNA were investigated by using enzyme-linked 
immunosorbent assay (ELISA) method (Abbott 
GmbH Co & KG, Abbott Laboratories, Chicago, 
IL, USA). The patients were further investigated 
for the results of liver function tests including as-
partate aminotransferase (AST), alanine amino-
transferase (ALT), gama-glutamyl transpeptida-
se (GGT), and alkaline phosphatase (AP) levels 
by using standard radioimmunoassay (RIA) kits 
(BioSource Europe S.A., Belgium). Laboratory 
results of patients were recorded.

Statistical methods

All patients were included in the Hepatitis Infor-
mation Network, Turkey (Turk-Hep-Net) patient 
monitoring program. Turk-Hep-Net project is a 
centralized online patient registry program and 
includes real-life cohort of HBV patients and is 
supported by Viral Hepatitis Society of Turkey. 
Thirty centres specialized in viral hepatitis have 
access to the system. By September 30, 2011, the 
data of HBsAg  positive (+) patients were com-
plied and analysed. Two-sided statistical tests 
were used in this study. A p value of 0.05 or less 
was considered significant.
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RESuLTS 

Of 7871 patients the vast majority were from 
South-eastern Anatolia, 2361 (30%) the Aegean 
region 1480 (18.8) ranked second (Table 1). The 
mean (standard deviation) age was 35 (14) ye-
ars; the mean age of patients form South-eastern 
Anatolia was significantly lower than the others 
(p<0.001) (Table 1).  A total of 3078 (39.1%) pa-
tients were females (Table 2).  

ents, respectively), while 2975 (37.8%) of patients 
were under interferon treatment.

DISCuSSION

Turkey is an intermediate endemic area (2%-8%) 
for HBV infection (5,6,7). However, some regions 
of Turkey are high endemic area. In Eastern Ana-
tolia, HBsAg prevalence was found to be 9.8% 
(8). In our study the vast majority of patients were 
from South-Eastern Anatolia (30%) where most 
of the population live in rural areas and the Aege-
an region (18.8%) (near the Aegean Sea) where 
higher HBV prevalence may be caused by high 
population migrants from South-East of Turkey.
In our study mean age of overall patients was 
consistent with other findings in the world and 
Turkey (5,9,10). In a study from Turkey, the 
mean age of 35±11 years among patients with 
HBV was found (9) as well as age-specific preva-
lence also varied greatly between the lowest pre-
valence in the age group of 0-14 years and the hi-
ghest, in 25-34 years age group (5). On the other 
hand mean age of patients form South-Eastern 
Anatolia was significantly lower than in other 
regions probably as a consequence of frequent 
placental transition of infection from mothers. 
Moreover, we found that the frequently infected 
family members were siblings and mothers, and 
accordingly mother to-child transmission proba-
bly was the main route of HBV transmission.
We thought that prevalence of HBV in blood donors 
was probably higher in our country because some 
of the blood donors might have occult hepatitis B 
(absence of HBsAg, low viral replication) (11,12).
In the current study, anti-HDV was positive in 5.9 
% of patients. The prevalence of HDV is relatively 
low in the Northern Europe and North America, 
where HDV infection is confined to intraveno-
us drug users (13). HDV infection appears to be 
higher in Eastern Europe, South America, Me-
diterranean countries and the western regions of 
Asia than in the rest of world (13). Due to HBV 
vaccination and screening donor sera for HBsAg 
the prevalence of HDV decreased in the western 
countries, recently (10). The prevalence of HDV 
in HBsAg-positive patients in Pakistan was extre-
mely high, 58.6% (14), 9.3% and 12.7% in pati-
ents infected with HBV and chronic hepatitis B, 
respectively (15), as well as in the United King-
dom, 8.5% among HBV-infected adult patients 

Regions of Turkey No (%) of patients Mean (standard 
deviation) age

Southeastern Anatolia 2361 (30) 26.2±11.3
Aegean 1480 (18.8) 38.1±15.2
Central Anatolia 1390 (17.6) 33.1±10.4
Marmara 1189 (15.1) 39.4±14.9
Black Sea 752   (9.6) 38.7±15.2
Eastern 389  (4.9) 27.1±10.8
Mediterranean 310   (4) 39.3±8.9
Total 7871 35 (14)

Table 1. Distribution of hepatitis B patients according to the 
regions of Turkey and the mean age

Features of hepatitis B patients No (%) of patients
Chronic hepatitis-B under treatment 5588 (71.0)
Asymptomatic carrier without treatment 2283 (29.0)
Cirrhotic 165 (2.1)
Females 3078 (39.1)

The HBV prevalence among
relatives

Siblings 1111 (63.0)
Mothers 482 (27.3)
Other 171 (9.7)

Anti-HDV negative 7407 (94.1)
HBeAg negative 6383 (81.1)

Table 2. Features of hepatitis B patients in Southeastern 
Anatolia, Turkey

Among patients, 3180 (40.4%) were HBsAg 
positive (+) after admission to a hospital, 1488 
(18.9%) after blood donation and 967 (11.9%) 
were found during routine screening. 
The HBV prevalence of HBsAg (+) patients 
among relatives was 1764 (22.4%), and most 
frequently infected family members were siblings, 
1111 (63.0%), and mothers, 482 (27.3%). Anti-
HDV was negative in 7407 (94.1%) patients (Ta-
ble 2). Three-fourths of the patients, 6383 (81.1%) 
were HBeAg negative (-) (Table 2). Mean (SD) 
ALT was 85.8 (266.4) U/L. Majority of patients, 
5588 (71.0%), had chronic hepatitis-B under trea-
tment (Table 2), while 2283 (29.0%) were asymp-
tomatic carriers without treatment (Table 2), only 
165 (2.1%) patients were cirrhotic (Table 2) and 
139 (84.0%) of those were compensated. One-
third of the patients, 2983 (37.9%), were under 
the combined treatment, while others were under 
monotherapy. Lamivudine, entecavir and adefovir 
were the most frequently used oral therapies, used 
for 2583 (32.8%), 11.6% and 787 (10.0%) of pati-
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(16). In a Turkish study, HDV prevalence was 
45.5% among the patients with chronic HBV (13).  
We thought that because of social and cultural de-
velopment of our country and vaccinations, the 
prevalence of the virus reduced.
HBeAg is one of the serum markers for HBV in-
fection and correlates with high virus infectivity 
(17). A WHO study reported that HBeAg sero-
prevalence across the WHO sub-regions varied 
between 0%-72.8 (18). Demirtürk et al. found that 
8% of the HBsAg-positive group were seropositi-
ve for HBeAg and the patient infected with a mu-
tant virus did not express HBeAg. They suggested 
that infection with mutant HBV strains was asso-
ciated with a negative response to treatment (19). 
Bozdayi et al. also reported that the HBeAg-ne-
gative phenotype in Turkish patients with chronic 
hepatitis was associated with precore mutations 
(20). Thus, some studies also showed that the Me-
diterranean area and Middle East and Asian co-
untries had the highest proportions worldwide of 
HBeAg-negative chronic HBsAg carriers (21,22). 
18.9 % of our patients were HBeAg (+). This ratio 
was consistent with literature and it was higher in 
an earlier Turkish study. The ratio of precore muta-
tions in general population of Turkey is unknown, 
so large scale studies in our country are needed.
Being male may be a risk for HBV infection (23-
27). Risk factors for Hepatitis B such as multi 
partnership, intravenous drug usage, having sha-
ve in barbers, traveling, etc. are more common 
in male population. This may explain the higher 
rate of HBsAg positivity in males.
An elevated ALT level indicates active liver in-
flammation and is a predicting marker of disease 
progression. Mean ALT level of our study was 
consistent with the literature (28).
Agents approved by the U.S. Food and Drug Ad-
ministration (FDA) for the treatment of HBV are 
interferons or nucleoside or nucleotide analogs 
(lamivudine, adefovir, entecavir, tenofovir, and 
telbivudine). Of our patients 63.1% were under 
monotherapy and  lamivudine, which is a synthetic 
nucleoside analogue, was the most frequently used 

drug. Duration of the treatment with lamivudine is 
quite long, and resistance is a significant problem. 
The most frequent mutation is the tyrosine-met-
hionine-aspartate-aspartate (YMDD) mutation of 
the HBV polymerase gene (29,30). The frequency 
of mutation increases proportionally with the du-
ration of lamivudine treatment, and the five-year 
post-treatment frequency is about 65%-70% (31, 
32). Otherwise, lamivudine resistance might also 
be seen in nucleoside naive chronic hepatitis B pa-
tients or inactive HBsAg carriers due to structural 
changes in the DNA polymerase enzyme gene (33, 
34). In a Turkish study, lamivudine resistance was 
10.7% in chronic hepatitis B patients and of those 
4% had primary, and 53.1% had secondary resi-
stance to lamivudine (29). In fact, the main targets 
of anti-HBV therapy are to prevent the develo-
pment of progressive liver disease, cirrhosis, liver 
failure, hepatocellular carcinoma and mortality. 
The authors recommended the usage of more po-
tent agents, treatment change in patients in whom 
the disease progressed during the treatment, and 
combined antiviral agents (29). We should apply 
these recommendations in the patients of Turkey.
In conclusion, our results may be beneficial in the 
prevention of HBV infection and in the management 
of patients with HBV. First task of the physicians and 
our state should be to prevent the development and 
spread of the disease. People must be educated on 
this issue, the living conditions of families should be 
improved, safe blood transfusions should be made, 
barbers should be inspected by the government. 
Further, frequency of HBV may be reduced at the 
society by implementation of vaccination practices 
proposed by the Health Ministry of Turkey. The po-
ssibility of resistance development in patients recei-
ving monotherapy should be kept in mind, if neces-
sary combination therapy should be started.
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ABSTRACT 

Aim To evaluate the easily available laboratory and clinical mar-
kers in patients with decompensated cirrhosis and compare their 
prognostic value.

Methods The study sample included a group of 80 patients with an 
established diagnosis of decompensated cirrhosis, hspitalizsed at 
the Department of Gastroenterohepatology, Clinical Center of the 
University of Sarajevo, between 2009 and 2011, followed up for 
6 months either as outpatients or through repeated hspitalizsation.  
It was estimated that the accuracy (c-index) of the six variables, 
laboratory (serum bilirubin, creatinine, International Normalised 
Ratio (INR) and albumine) and clinical variables (hepatic encep-
halopathy and ascites) reflect the function of the liver in their abi-
lity to predict 6-month mortality. 

Results Laboratory values of serum creatinine equvivalent to 
the area under the receiver operating characteristic curve (AUC)  
0.787, 95% CI 0,667-0,898), serum bilirubin (0.701 95% CI 0,582-
0,820), INR (0.647 95% CI 0,526-0,768) and clinical parameter 
ascites (0.7 95%CI 0,598-0,827), showed a statistically significant 
prognostic accuracy in predicting six-month mortality, but none of 
the parameters showed excellent diagnostic accuracy .

Conclusion Serum creatinine had the best diagnostic accuracy in 
predicting 6-month mortality in patients with decompensated cirr-
hosis and as easily available variable which could be used as pre-
dictive parameter in early prognostic assessment ofliver cirrhosis. 

Key words: laboratory values, clinical parameters, prognosis, 
mortality
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INTRODuCTION

Prognostic assessment in patients with any chro-
nic disease is an important part of the process of 
determining the choice of therapy (1). Many dif-
ferent factors need to be considered: the diagnosis, 
natural course of the disease, the stage, the activity 
and, very importantly, athe probable effect of any 
therapeutic measures taken during the course of the 
disease (2). The poor survival of patients with de-
compensated cirrhosis has driven physicians to se-
arch for good prognostic markers (3). The need for 
improvement in the accuracy of prognosis emer-
ged in the era of the expansion of orthotopic liver 
transplantation (OLT) and the discrepancy between 
the number of potential candidates and donor livers 
(3,4). Thus, the main objective of prognostic mar-
kers in cirrhotic patients is to estimate the probabi-
lity of death within the given time interval (5).
The prognostic indicators may be different in the 
early and the late phases of the disease (6). In 
the early phases, the disease activity (hepatocyte 
necrosis and inflammon) will be indicated by the 
degree of elevation of liver cells enzymes like 
aspartate aminotransferase (AST) or alanine ami-
notransverase (ALT) end the eleon of immuno-
globulins in the serum (2,6). In the late phase, the 
most important indicators of an advanced stage 
of the disease with decreased functional capacity 
and structural alternations (cirrhosis and hepatic 
decompensation) are increase of serum bilirubin, 
decrease in serum albumin, prolongation in prot-
hrombine time, occurrence of jaundice, ascites, 
gastroesophageal varices, variceal bleeding, en-
cephalopathy and an increase in serum creatinine 
(2,6). At present, the scores applied and used for 
the prognostic assessment of the course of the di-
sease in patients with chronic liver disease and its 
outcome are the Child-Pugh, the Model of End 
Stage Liver Disease  (MELD) and the Mayo risk 
score for primary biliary cirrhosis (7-10). 
The variables included in these prognostic scores 
are often considered as reflecting the synthetic 
(albumin and protrombin) and elimination (bili-
rbin) functions of the liver  and are often indica-
tors of the late-stage disease (11).
A number of studies have emphasized the decisive 
influence of renal function in the course of cirrho-
sis (12-15). As an example of the importance of 
a creatinine, it should be noted that the value of 

the creatinine is more than twice as high as that of 
bilirubin in MELD (15). Some other studies have 
shown that markers of portal hypertension and 
complication o liver cirrhosis, including oesop-
hageal varices (16,17), portal blood velocity (18), 
and hepatic venous pressure gradient (19) have a 
predictive value.  Hepatic encephalopathy can be 
disabling for patients and can affect their quality 
of life (20). Ascites and/or low serum Na concen-
tration as manifestations of advanced haemodyna-
mic derangement of cirrhosis, were also found to 
be significantly associated with mortality on the 
transplantation list (21,22). 
The primary aim of this study was to identify and 
compare the predictive values of widely accessi-
ble laboratory and clinical markers used in clinical 
practice, which was were not evaluated previously 
in patients with decompensated liver cirrhosis with 
different etiologies. The specific objective was to 
analyse the parameters easily available and nor-
mally used in our daily clinical practice, specifically 
in terms of their potential for assessing the stage of 
the disease and the survival rate of the patients, and 
thus also in terms of their value in deciding on the 
type of treatment in compliance with the actual ca-
pacity of the remaining liver function The second 
aim was to analysze the parameters of synthetic and 
excretory function of the liver in terms of their si-
gnificance in assessing the mortality rate of patients 
with liver cirrhosis for the purpose of better selecti-
on of the most appropriate course of treatment.

PATIENTS AND METhODS

The study included 80 patients with decompen-
sated liver cirrhosis who were hospitalised at the 
Department of Gastroenterohepatology, Univer-
sity Clinical Centre Sarajevo, Bosnia Herzego-
vina, between 2009 and 2011, an who had a fo-
llow-up for a 6 -month period. The patients were 
followed up either as outpatients or through repe-
ated hospitalisation.  The outcome was assessed 
as the 6-month mortality. Some of these patients 
had been included in a previous study.
The diagnosis of decompensated cirrhosis was 
based on clinical and laboratory investigation, 
previous histological and radiological signs of 
cirrhosis with at least one sign of liver decom-
pensation, e.g., variceal hemorrhage, ascites, 
spontaneous bacterial peritonitis, hepatic encep-
halopathy, hepatorenal syndrome.  
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In compliance with our standard practice, a detailed 
medical history was established for all the patients 
including the cause of the cirrhosis, the cause of ad-
mission, first and previous signs of decompensation 
and complications of cirrhosis. Physical examinati-
on and biochemical assessment was conducted on 
the day of admission and it included a wide spec-
trum of laboratory tests. Six variables were inclu-
ded in the analysis: laboratory parameters of serum 
creatinine, bilirubin, INR, albumin and clinical 
markers of ascites and hepatic encephalopathy.
As for the admission data, the stage of the cirr-
hosis was estimated using the Child Pugh classi-
fication (7,8). The severity of hepatic encephalo-
pathy was graded with the West Haven Criteria; 
based on the level of impairment of autonomy, 
changes in consciousness, intellectual function, 
behavior, and the dependence on therapy (23).
Ascites evaluation was performed ultrasonograp-
hically. Classification of ascites was performed 
on the basis of a quantitative criterion according 
to the International Ascites Club (24): grade 1 is 
none or mild ascites only detectable by ultraso-
und, grade 2 ascites moderate ascites treatable 
with restriction of sodium and uretics, grade 3 
ascites large or gross ascites with marked ab-
dominal distention treated with large –volume 
paracentesis (24,25). Diagnostic and therapeutic 
paracentesis were performed when necessary.
Data collection and analyses were undertaken 
in compliance with the ethical guidelines of the 
1975 Helsinki Declaration and under the guidan-
ce of the Ethics Committee at University Clinical 
Center  Sarajevo where the study was performed. 
Statistical analyses were included the compari-
son of the accuracy of the three scores as pre-
dictors of mortality in the follow-up period, the 
concordance c statistics (area under the receiver 
operating curves (ROC) was calculated. This 
statistics might vary from 0-1, with 1 indicating 
perfect discrimination and 0.5 indicating what 
was experienced by chance alone. A p< 0.05 
was considered statistically significant.

RESuLTS

The clinical and biochemical characteristics of 
the sample population are shown in Table 1.
Of all 80 patients, the majority was males, 50 
(62%). Hepatitis B virus, 28 (35%), alcoholic ci-
rrhosis, 25 (31.25%) and hepatitis C, 10 (12.5%), 

related cirrhois were the principal disease aetio-
logies (Table 1).

Variable N (%) of 
patients Mean (RV)*

Age   (years) 80 57,93 (20-78)
Sex, males 50 (62%)
Cause of cirrhosis (No, % of patients)
Hepatitis B 28 (35%)
Alcohol 25 (31.25%)
Hepatitis C 10 (12.5%)
Alcohol plus hepatitis B or hepatitis C 3 (3.75%)
Autoimmune disorders 2 (2.5%)
Others (cardial cirrhosis) 4 (5%)
Unknown (No, % of patients) 8 (10%)
Biochemical results
Bilirubin (µmol/l) 55.313 (7-254)
Albumin (g/L) 29.638 (18-43)
INR 1.472 (1.04-2.66)
Clinical results (No, % of patients)
Ascites 
Grade 1 26 (32.5%)
Grade 2 21 (26.3%)
Grade 3 33 (41.3%)
Encephalopathy   
None 47 (58.8%)
Treatable 26 (32.5%)
Refractory 7 (8.8%)
Child Pugh class (No, % of patients) 9 (5-14)
A (5-6) 9 (11.3%)
B (7-9) 41 (51.5%)
C (10-15) 30 (37.5%)

Table 1. Demographic, etiologic, clinical and biochemical 
features of the study population

Mean (RV),  range of variation; INR, international normalized ratio

Parameters
Area under the 
ROC curve– c 

statistics

Standard 
error p

95% Confi-
dence interval 

for c
Laboratory parameters
Creatinine 0.787 0.056 0.000 0.677 0.898
Bilirubin 0.701 0.061 0.003 0.582 0.820
INR 0.647 0.062 0.030 0.526 0.768
Albumin 0.583 0.067 0.220 0.452 0.714
Clinical parameters
Ascites 0.712 0.058 0.002 0.598 0.827
Encephalopathy 0.578 0.069 0.250 0.443 0.712

Table 2. Sensitivity and specificity for laboratory and clinical 
parameters in the prediction of 6-months mortality

The predictive accuracy is based on the area under the ROC curve.
INR, international normalized ratio

The Child Pugh score divided the patients with diffe-
rent stages of cirrhosis into three classes with signi-
ficantly different anticipated survival rates. The cirr-
hosis at the time of referral was relativanced, with 41 
(51.5%) of the patients having Child B cirrhosis, and 
30 (37.5%) with Child C cirrhosis. Severe refractory 
ascites was present in 33 (41.3 %) patients.
Both laboratory (Table 2, Figures 1 and 2.) and cli-
nical parameters in their accuracy to predict 6-mon-
th mortality was compared (Table 2, Figure 3).
Albumin as a laboratory parameter was tested in 
terms of the survival rate, since its greater value 
means a greater likelihood of survival. As for other 
parameters, their greater value means a greater like-
lihood of death – they were thus tested differently. 
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In the group of laboratory parameters, creatinine 
had the highest c value, 0.787 (95%CI 0.667-0.898) 
(Table 2, Figure 1) and thus the highest sensitivity 
in the prediction of 6-month mortaliy out of all 
the parameters analysed. Albumin as a laboratory 
parameter had the lowest c value, 0.585 (95%CI 
0.452-0714), and the lowest sensitivity, which was 
not statistically significant (Table 2, Figure 2)
The analysis of the prognostic strenghth of clini-
cal parameters of ascites and encephalopathy have 
shown that encephalopathy had no statistically si-
gnificant value in the prediction of 6-month mortali-
ty (c=0.578) (95%CI 0.443-0.72) (Table 2, Figure 3)

Figure 1. Comparison of Receiver Operating Characteristic 
(ROC) curves with 6-month mortality as an end-point for labo-
ratory parameters of creatinine, bilirubine and INR
The areas under the curve (AUC) was 0.787 for creatinine, 0.701 
for bilirubin, and 0.647 for INR, which was statistically significant
INR, international normalized ratio

Figure 2. Receiver Operating Characteristic (ROC) curve for 
laboratory parameters of albumin
Albumin as a laboratory parameter was tested in terms of the 
survival rate, since its greater value means a greater likelihood 
of survival

Figure 3. Receiver Operating Characteristic (ROC) curves with 
6 months mortality as an end point for clinical parameters as-
cites and encephalopathy

DISCuSSION

The establishment of prognostic factors is the key 
tool towards evaluating clinical intervention in 
any disease (1). In our study, the predictive value 
of baseline patient characteristics and the determi-
nation of clinical and biochemical variables were 
evaluated in a study population of 80 hospitaliszed 
patients, and followed through outpatient clinics 
during the period 2009-2011. Serum creatinine le-
vel was proved to be an independent predictor of 
survival in cirrhotic patients during the natural co-
urse of the disease as well as during acute compli-
cation (12, 26). In patients with liver cirrhosis and 
a high Child Pugh class, the impact of impaired re-
nal function in survival is wel known (12, 21). An-
gemayr B. et al. has showed that a level of serum 
creatinine correlated with survival in patients with 
apparently normal renal function (serum creatini-
ne in the normal range) (13). In our study, the re-
sults showed that serum creatinine level were the 
strongest predictor of 6-month mortality, which 
correlates with results of other studies (13). Also, 
the analysis yielded other laboratory variables 
of bilirubin and INR, as well as clinical variable 
of ascites, as statistically significant independent 
predictors of 6-month mortality. Serum albumin 
value as well as the clinical value of hepatic en-
cephalopathy did not correlatede significantly 
with 6-month mortality. Although laboratory and 
clinical values were able to predict the survival of 
our patients, they presented several shortcomings.
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Prognostički markeri kod pacijenata s dekompenziranom cirozom 
jetre
Džanela Prohić1, Rusmir Mesihović1,2, Nenad Vanis1 Amra Puhalović1

1Klinika za gastroenterohepatologiju, Klinički centar Univerziteta u Sarajevu; 2Ministarstvo zdravstva FBiH; Sarajevo, Bosna i Hercegovina

SAŽETAK
Cilj  Evaluacija lako dostupnih laboratorijskih i kliničkih markera, te usporedba njihove prognostičke 
vrijednosti kod pacijenata s dekompenziranom cirozom.
Metodologija  Studija je obuhvatila 80 pacijenata s dekompenziranom cirozom jetre hospitaliziranih 
na Klinici za gastroenterohepatologiju KCU-a Sarajevo, u periodu od 2009. do 2011. godine, praće-
nih tokom 6 mjeseci kroz Savjetovalište Klinike i tokom rehospitalizacije. Određena je prognostička 
vrijednost šest parametara, laboratorijskih (serumska vrijednosti bilirubina, kreatinina, International 
Normalised Ratio, INR, te albumina) i kliničkih (hepatična encefalopatija i ascites), u procjeni smrtnosti 
u šestomjesečnom periodu.  
Rezultati  Laboratorijske vrijednosti serumskog kreatinina (0,787 95%CI 0,667-0,898), bilirubina 
(0,701 95% CI 0,582-0,820), INR-a (0,647 95% CI 0,526-0,768) i kliničkog parametra ascitesa (0,712 
95%CI 0.598-0,827), pokazale su statistički značajnu tačnost u procjeni šestomjesečne smrtnosti, ali 
niti jedan od parametara nije pokazao izvrsnu prognostičku vrijednost.
Zaključak  U analiziranoj populaciji pacijenata serumska vrijednost kreatinina pokazala je najjaču pro-
gnostičku vrijednost u procjeni šestomjesečne smrtnosti kod pacijenata s dekompenziranom cirozom, 
te kao lako dostupna varijabla može biti korištena kao prognostički parametar za ranu procjenu stadija 
bolesti kod bolesnika s cirozom jetre.
Ključne riječi: laboratorijski parametri, klinički parparametri, prognoza, smrtnost
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ABSTRACT

Aim To evaluate the usage of inspiration, expiration, cough, and 
heel drop jarring tests that are applied for determination of perito-
nism in cases with acute abdominal pain.

Methods A prospective study based on observation of patients 
between 16-65 years of age and presented to the Emergency De-
partment within a 3-month period starting from June 2007, was 
conducted. The patients were asked to rate their pain level between 
“0” and “10”. Following the measurement of the vital signs, 4 tests 
were conducted by an emergency medicine resident. The medical 
records of all the patients were reviewed after 3 months. Data con-
cerning clinical diagnosis, hospital admission and discharge pro-
cesses, and surgical results, were all recorded.

Results Seventy-seven patients had peritonism tests performed. 
Inspiration test was positive in 29 (of 51, 56.9%) patients admi-
tted to the hospital. However, there was no correlation between 
the cases admitted to the hospital and the other 3 tests (p>0.05). 
Twenty-one (of 34, 61.8%) patients which have been subjected to 
surgical treatment, showed positive inspiration test results. Surgi-
cal treatment was performed on nine (of 11, 81.8%) patients who 
showed positive results for all 4 tests.

Conclusion The applied tests are helpful in determining a serious 
abdominal disease, particularly alongside findings of rebound, ten-
derness, and laboratory results.

Key words: abdominal pain, decision making, diagnosis.



Medicinski Glasnik, Volume 11, Number 1, February 2014

106

INTRODuCTION

Abdominal pain makes 4-5% of all emergency 
department admittance (1,2). While some pati-
ents with abdominal pain present with a serious 
pathology, a significant number of those patients 
have no specific cause explaining for the pain 
(3,4). Therefore, the management of abdominal 
pain cases poses a considerable problem within 
the emergency settings (1,5).
It is important to determine a cause underlying 
abdominal pain, and whether it requires surgical 
intervention or not. Abdominal rigidity, reflex 
spasm or involuntary contractions of abdominal 
muscles suggest peritoneal irritation (6). Althou-
gh rebound tenderness has several limitations, it 
is recognized as the standard clinical criterion for 
peritonism (6-8).
Clinically, peritonism tests are used in alternative 
clinical maneuvers which are based on the prin-
ciple of moving peritoneal surfaces for detecting 
peritonism (7). Aim of this study was to evalu-
ate the usage of inspiration, expiration, cough, 
and heel drop jarring tests for determination of 
peritonism in cases with acute abdominal pain. 
Moreover, it was investigated whether there was 
any correlation between the test results and the 
prevalence of surgical intervention within the fo-
llowing period.

PATIENTS AND METhODS

This study was carried out with the permission 
of the Ethics Committee of the Erciyes Univer-
sity. A prospective, observational study was con-
ducted on patients between 16-65 years of age 
presented to the Emergency Department of the 
Erciyes University with a non-traumatic acute 
abdominal pain within a 3-month period starting 
from June 2007. The patients, whose abdominal 
pain started in a week, were enrolled in this pre-
sent study. Patients who required resuscitation, 
had history of diabetes, renal insufficiency, pre-
gnancy, previous abdominal operation, and those 
who were analgesia or uncooperative were exclu-
ded from the study.
A pre-designed form containing the patients’ cli-
nical data was filled out. The patients were asked 
to rate their pain level between “0” (no pain) and 
“10” (most severe pain) according to numeric 
pain scale. Following the measurement of the vi-

tal signs, 4 tests were conducted by an emergency 
medicine resident in the order mentioned below. 
Then, abdominal examination was performed.
The patients were asked to do the following 
during the tests: take a breath as deep as po-
ssible for the inspiration test; exhale as deep 
as possible for the expiration test; cough very 
hard following a complete relaxation for cou-
gh test; and look at the face of the physician 
running the test and come down with all his/
her weight on one’s heels after standing on 
his/her toes on a smooth surface. During these 
actions the findings indicative of a perceived 
pain (a vocal response, grimace, or movement 
of hands towards abdomen) were evaluated as 
a positive result. All tests were carried out by 
a physician other than the one who examined, 
evaluated, and treated the patient in emergency 
department. The medical records of all patients 
were reviewed after 3 months. Data concerning 
clinical diagnosis, hospital admission and disc-
harge from hospital, and surgical results, were 
all recorded. Groups were compared by χ2 and 
Fisher’s exact test.

RESuLTS

The present study was conducted on 77 patients 
with acute abdominal pain. Forty-two (54.5%) 
patients were males, and the mean age was 52.3 
(median 54, range: 17-80). The mean duration 
between the onset of the pain and presentation to 
the hospital was 36.3 hours (median: 40, range: 
2-72). Median pain score determined by numeric 
pain scale was 7 (range: 3-10).
While 51 (66.2%) patients were admitted to 
the hospital, surgery was performed only on 34 
(66.6%) patients.
There was no correlation between the numeric 
pain scale, and hospital admission and surgical 
treatment. No significant correlation could be fo-
und between each of the applied tests and nume-
ric pain scale (Table 1).

Variable Mean values of numeric pain scale
Positive Negative

Inspiration 7.1 6.8
Expiration 7.4 6.6
Cough 7.1 6.6
Heel drop jarring 7.3 6.7

Table 1. Mean values of numeric pain scale regarding the 
results of the applied tests
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The analysis of the tests revealed a significant di-
fference between inspiration test and admission 
to hospital (p<0.05). Inspiration test was positive 
in 29 (56.9%) of 51 patients admitted to the hos-
pital. However, there was no correlation between 
the cases admitted to the hospital and the other 3 
tests (p>0.05) (Table 2).
While sensitivity of inspiration test for admittan-
ce to hospital was 56.8%, its specificity was 73% 
patients with negative result were discharged, ne-
gative predictive value was 46.3% (probability of 
admitting a patient with negative inspiration test 
result), and positive predictive value was 80.5% 
(admittance probability of a patient with positive 
inspiration test result) (Table 3).

ve results for all tests showed a sensitivity of 26.4%, 
specificity of 95.3%, negative predictive value of 
62.1%, and positive predictive value of 81.8%. 
There was correlation between hospital admittance 
and positiveness of all of the tests (Table 4).

Number (%) of patients
Test Test Result  Admitted Discharged Surgical treatment  Non-surgical treatment Total (%)

Inspiration
Positive 29 (37.7) 7 (9) 21 (27.2) 15 (19.5) 36 (46.8)
Negative 22 (28.6) 19 (24.7) 13 (16.9) 28 (36.4) 41 (53.2)

Expiration
Positive 24 (31.2) 7 (9) 15 (19.5) 16 (20.7) 31 (40.3)
Negative 27 (35.1) 19 (24.7) 19 (24.7) 27 (35.1) 46 (59.7)

Cough
Positive 34 (44.1) 11 (14.3) 23 (29.9) 22 (28.6) 45 (58.4)
Negative 17 (22.1) 15 (19.5) 11 (14.3) 21 (27.2) 32 (41.6)

Heel drop jarring
Positive 23 (29.9) 9 (11.7) 15 (19.5) 17 (22.1) 32 (41.6)
Negative 28 (36.4) 17 (22) 19 (24.7) 26 (33.7) 45 (58.4)

Table 2. Comparison of test results with numbers of admitted and discharged cases. Comparison of test results with numbers of 
cases which received surgical and non-surgical treatment

Admittance to the hospital (%) Surgical treatment (%)

Test PPV NPV Speci-
ficity 

Sensiti-
vity PPV NPV Speci-

ficity 
Sensi-
tivity 

Inspiration 80.5 46.3 73 56.8 58.3 68.2 65.1 61.7
Expiration 77.4 41.3 73 47 48.3 58.6 62.7 44.1
Cough 75.5 46.8 57.6 66.6 51.1 65.6 48.8 52.2
Heel drop 
jarring 71.8 37.7 65.3 45 46.8 57.7 60.4 44.1

Table 3. Comparison of the sensitivity, specificity, negative 
predictive value and positive predictive value of the tests for 
admittance to the hospital and surgical treatment

PPV, positive predictive value; NPV, negative predictive value.

Number (%) of patients
Number of 
Positive Tests

Surgical 
treatment 

Non-surgical 
treatment Admitted Discharged Total 

None 5 (38.5) 8 (61.5) 5 (38.5) 8 (61.5) 13
One 29 (45.3) 35 (54.7) 46 (71.9) 18 (28.1) 64
Two 22 (46.8) 25 (53.2) 35 (74.5) 12 (25.5) 47
Three 14 (63.6) 8 (36.4) 19 (86.4) 3 (13.6) 22
Four 9 (81.8) 2 (18.2) 10 (90.9) 1 (9.1) 11

Table 4. Comparison of initial positive test results during 
admittance and the numbers of patients who received surgi-
cal and non-surgical treatment and admitted and discharged 
patients

Number (%) of patients

Examination Test result Surgical 
treatment

Non-surgical 
treatment Total

Rebound
Positive 12 (15.6) 3 (3.9) 15 (19.5)
Negative 22 (28.6) 40 (51.9) 62 (80.5)

Abdominal 
Tenderness

Positive 33 (42.8) 42 (54.6) 75 (97.4)
Negative 1 (1.3) 1 (1.3) 2 (2.6)

Guarding
Positive 10 (13) 7 (9) 17 (22)
Negative 24 (31.2) 36 (46.8) 60 (78)

 Table 5. Comparison of initial abdominal examination results 
during admittance and the numbers of patients who received 
surgical and non-surgical treatment

A total number of 21 (61.8%) of 34 patients, 
who had been subjected to a surgical treatment, 
showed positive inspiration test. A significant 
correlation was found between the inspiration 
test and the surgical treatment (p<0.05). Regar-
ding surgical treatment, inspiration test sensiti-
vity was 61.7%, specificity was 65.1%, negative 
predictive value was 68.2%, and positive predic-
tive value was 58.3% (Table 3).
Surgical treatment was performed on nine 
(81.8%) of 11 patients who showed positive re-
sults for all tests (Table 2, Table 4)
A correlation was found between surgical treatment 
and the patients who showed positive results for all 
tests (p<0.05). Regarding surgical treatment, positi-

Five patients, who had shown negative results for 
all tests, were admitted to the hospital. Surgical 
treatment was applied on those five patients in 
the hospital. While three of those patients deve-
loped acute abdomen profile, two of them were 
found to be diagnosed as acute appendicitis and 
the remaining one as ruptured ovarian cyst. One 
patient experienced percutaneous drainage due to 
determination of intraabdominal abscess formati-
on, one patient underwent an operation due to the 
presence of hydatid cyst. 
Patients who had shown a rebound tenderness 
during initial examination was presented in 12 
(86.6%) patients of 15 underwent surgical trea-
tment (Table 5).



Medicinski Glasnik, Volume 11, Number 1, February 2014

108

Examination of the hospital records revealed that 
none of the patients had been subjected to surgi-
cal treatment and observation during the first 3 
months after the discharge. 

DISCuSSION

Management of the patients with acute abdomi-
nal pain in emergency room should be fast and 
practical (9). Peritonism is an indicator that is im-
portant in the management of patients with acute 
abdominal pain (10). Emergency physicians may 
act on their intuitions for determining diffuse or 
regional irritation (peritonism) of peritoneum in 
patients with acute abdominal pain (11). However, 
the decision mostly depends on the results of the 
diagnostic tests (11,12). Majority of those tests are 
based on the principle of detecting a serious acute 
abdominal pathology or peritonitis (11). During 
early period of abdominal pain methods such as 
X-ray, urine analysis, and blood tests are known 
to have the potential false negative results (11,12).
Rebound tenderness is recognized as a strong in-
dicator of peritonism (7,13). By employing the 
classic technique, the difference between pains of 
voluntary contraction and peritonitis may not be 
definitely determined. Approximately every fo-
urth patient may experience false positive results 
(6). This probably occurs as a result of a non-spe-
cific recoil/reflex response and may misleadingly 
suggest that rebound tenderness might not have 
the adequate predictive values for diagnosing the 
true condition of patients (6). Physicians may 
need additional test or examination methods in 
order to reach a definite peritonism diagnosis. For 
this purpose, many tests which are based on ma-
neuvers that move the abdominal wall, diaphra-
gm, and peritoneum, are used in clinics (7, 11).
In the present study it was found that all tests fai-
led in predicting clinical results of the cases with 
an exception of inspiration. The meaningfulness 
of inspiration test was probably a consequence of 
downwards movement of diaphragm (7). Moreo-
ver, the fact that inspiration test was the first test 
applied to the patients, might have been a factor 
for reaching a different evaluation and perception 
(7). However, assessing results with all 4 tests to-
gether can be more informative regarding the need 
for surgical intervention on the index patient.
According to our results, negative results obtai-
ned from all tests, will help with a discharge de-

cision made by practitioners. However, it should 
be always born in mind that these tests do not 
have any diagnostic value (2). The peritonism 
tests should be employed only for reassessment 
of patients with acute abdominal pain and for eli-
mination of peritonism.
According to our study, despite low sensitivity, 
patients who had positive results in all four tests 
need more attention for the necessity of hospital 
admission and surgery. Patients with negative re-
sults for all four tests may rarely require surgical 
intervention.
The comparison of the test result in this study 
revealed higher sensitivity and specificity values 
for rebound tenderness. This result supports the 
view that rebound tenderness is an important pa-
rameter for the management of cases with acute 
abdominal pain (13).
The applied tests in this study (inspiration, expi-
ration, cough, and heel drop jarring test) seemed 
to be easily accomplished in emergency settings. 
However, there were conditions which limit their 
use. For example, these tests were performed by 
more than one practitioner, for this reason, the-
re may be differences in the interpretation of the 
test. During the application of most of those tests, 
pain severity increased and that made repeating 
of the tests difficult. Moreover, these tests requi-
red attention and cooperation of the patient. For 
example, cough test can be assessed only when 
a contraction follows relaxation of patient’s ab-
dominal wall muscles (14). Bending knees and 
changing posture in order to lower the tension of 
the abdominal wall in cases with peritonitis was 
an important factor that made the application of 
the tests difficult (15). Cough occurs with pain 
in many cases which involve acute inflammati-
on of abdomen (10). Particularly, the presence 
of cough and pain, provides useful information 
in patients with peritonitis (6). Patients mostly 
move their hands towards the painful area and 
this helps physicians to localize the lesion (10). 
The same principle was also seen in heel drop 
jarring test involves the same benefits.
One of the limitations of this study was the re-
viewing of the 3-month follow-up period of the 
patients from hospital records after the discharge. 
Discharged patients may have received a trea-
tment in another health center (it assumed that a 
very low possibility). 
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Particularly in patients who displayed negative 
results for all the tests and admitted to hospital, 
the changes in test results during the following 
period, was an important issue to be addressed. 
Similar further studies can benefit from those 
data as well. However, we believe that these fac-
tors did not have a significant influence over re-
sults of the present study.
In conclusion, if all 4 tests are carried out, es-
pecially inspiration test could be useful in the 
management of patients presenting with acute 
abdominal pain. Tests alone are not effective 

in determining peritonism, however, they are 
valuable when evaluated together. The appli-
ed tests are helpful in determining a serious 
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ABSTRACT 

Aim To evaluate correlation of atherogenic risk factors between 
patients with retinal artery occlusion (RAO) and matched popula-
tion, including those with central RAO and branch RAO.

Methods Seventy-two  participants from 2 groups were evaluated: 
a group with diagnosed RAO (first group; 45 participants) and a 
matched control group including those without RAO or any other 
ophthalmological disease (second group; 27 participants). From 
those with diagnosed RAO patients with central RAO and patients 
with branch RAO were evaluated separately. Additional parame-
ters that were observed included body mass index (BMI), blood 
pressure, fasting glucose levels, triglycerides, LDL and HDL 
cholesterol fractions levels, presence of metabolic syndrome and 
hyperlipoproteinemia. 

Results There was a significant increase of LDL mean values in 
the group of patients with RAO. Hypertension (88.9%), hyperli-
poproteinemia (68.9%) and metabolic syndrome (53.3%) were 
significantly more frequent in patients with RAO, while gender 
and diabetes mellitus were not in direct correlation with the deve-
lopment of RAO. The group of patients with RAO had no signifi-
cantly higher values of BMI compared to the control. High density 
lipoprotein fraction was significantly higher in the group of pati-
ents with central RAO as compared with those with branch RAO.

Conclusion Patients with atherogenic risk factors are more prone 
to the development of RAO. Furthermore, we demonstrated that 
HDL had more protective effects on smaller blood vessels (branch 
retinal artery) than on larger blood vessels (central retinal artery).

Key words: vascular occlusion, eye, lipids, metabolic syndrome
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INTRODuCTION

Retinal artery occlusion (RAO) presents with 
severe loss of vision and is associated with risk 
factors that include: hyperlipidemia, diabetes 
mellitus and arterial hypertension (1,2). On the 
other side, it is postulated that to a certain extent 
RAO could increase a risk of stroke (3). Patients 
presenting with RAO usually have one or more 
vascular risk factors. Since there is a high risk of 
secondary ischemic events, it is necessary to mo-
dify the influence or exposure to these risk factors 
(4). As RAO could be associated with sudden and 
massive visual loss, evaluation of proatherogenic 
risk factors is of great importance (2,5,6). 
Metabolic syndrome, as a clustering of atherosc-
lerotic metabolic abnormalities characterized 
by insulin resistance, visceral adiposity, high 
triglyceride, and low high  density lipoprotein 
(HDL), may be associated with RAO and cause 
visual loss and blindness (1,7). 
The aim of this study was to evaluate a correla-
tion of atherogenic risk factors between patients 
with RAO and matched population, and to evalu-
ate such a correlation between patients with cen-
tral RAO (CRAO) and those with branch RAO 
(BRAO).

PATIENTS AND METhODS

In the prospective clinical study 72 participants 
were evaluated during the period of 4 years (from 
2008-2011). The study was conducted in accor-
dance with Good Clinical Practice and followed 
the guidelines of the Declaration of Helsinki. 
Prior to the inclusion in the study patients were 
informed about the study protocol and informed 
consents were obtained. 
Patients were divided into 2 groups: a group with 
diagnosed retinal artery or branch artery occlusi-
on (RAO) (first group) and matched population 
including those without RAO or any other opht-
halmological condition (second group). Accor-
ding to the anatomic location of the occlusion, 
the patients were divided into two groups: gro-
up with central RAO (CRAO) and group with 
branch RAO (BRAO). Thr first group included 
45 participants examined and treated at the Insti-
tute for Eye Diseases, Clinical Center of Serbia 
in Belgrade, while the second group included 27 
adults who were matched control subjects with 

respect to the age and gender. The body mass in-
dex (BMI) was measured by calculation of height 
and weight in triplicate, while blood pressure was 
measured after 5 minutes of rest. Blood samples 
were collected after 12 hours of overnight fasting. 
As one of the important risk factors for the deve-
lopment of atherosclerosis and therefore occlusi-
on of retinal artery, lipid fractions were analyzed 
separately. Fasting glucose levels, triglycerides, 
LDL and HDL cholesterol levels were measured 
and calculated using the Friedewald formula (8). 
The metabolic syndrome was defined as the pre-
sence of three or more of the following abnorma-
lities (according to The NCEP/ATP III, National 
Cholesterol Education Program and Adult Trea-
tment Panel III): waist circumference ≥102 cm in 
males and ≥88 cm in females, fasting glucose le-
vels ≥110 mg/dL (6.1mmol/L), triglyceride levels 
≥150 mg/dL (1.69mmol/L), HDL levels <40 mg/
dL(1.04 mmol/L) in males and <50 mg/dL(1.29 
mmol/L) in females and blood pressure ≥130/85 
mmHg (9). Hypertension was defined as systolic 
and diastolic blood pressure values equal or above 
95th percentile for gender, height and age (10).
The diagnosis of RAO was established without 
angiography, on the basis of typical clinical fin-
dings. Therefore, for the diagnosis of central re-
tinal artery occlusion (CRAO) or branch retinal 
artery occlusion (BRAO) an abrupt visual loss 
accompanied by one or more of the following 
signs was evaluated as observed by slit-lamp bi-
omicroscopy with a 90 diopter or 78 diopter lens: 
sluggish, thinned retinal artery flow, fragmentati-
on of the blood column in retinal arterioles, reti-
nal opacification combined with sluggish retinal 
blood flow, and the presence of a cherry-red spot 
(2). Fluorescein angiography was performed in 
patients during the first hours of the occlusion, 
when retinal edema had not been particularly 
marked yet. For all patients color fundus pho-
tographs were taken. Further fluorescein angio-
graphy was performed in cases when vision was 
better than clinical findings, implicating speared 
cilioretinal artery. Visual acuity tests by Snellen 
chart were performed (11). At the initial visit, all 
patients were questioned and screened regarding 
systemic and ocular signs as well as symptoms 
of giant cell arteritis. To exclude giant cell arte-
ritis, patients underwent ophthalmic examination 
and erythrocyte sedimentation rate (Westergren), 
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fibrinogen and C-reactive protein evaluations. 
Patients with a high index of suspicion for giant 
cell arteritis were included in the treatment with 
systemic corticosteroid therapy and had tempo-
ral artery biopsy performed as soon as possible. 
These patents were excluded from the study. 
Mean values with standard deviation (SD) to 
present age structure, Waist circumference, BMI, 
LDL and HDL were used. To present a proporti-
on of males, participants with hypertension, DM, 
HLP and MS we used percents. A comparison of 
mean values between matched population and 
group with RAO and comparison between the 
group of patients with CRAO and the group with 
BRAO was done by student’s t test, while com-
parison of percents between observed groups was 
done by chi squared test. Statistical significance 
was defined as p<0.05. 

RESuLTS

There was a significant increase of mean values 
of LDL (3.9±1.2 mmol/L, p<0.01) in the group 
of patients with RAO (Table 1). In our study, 
even though waist circumference (93.0±9.9 cm, 
p>0.05) and BMI (26.1±4.3 kg/m2, p>0.05) was 
higher a level of statistical difference has not 
been shown (Table 1). Also, we showed that the 
age of participants was not in direct correlation 
with the development of RAO. 

There were 25 (55.6%) patients with CRAO and 20 
(44.4%) patients with diagnosed BRAO (Table 3).

Observed parameters
Matched 

population
(Mean±SD)

Group with 
RAO

(Mean±SD)
p

Age (years) 62.3±10.6 60.7±12.9 >0.05
Waist circumference (cm) 91.0±4.0 93.0±9.9 >0.05
BMI (kg/m2) 24.8±2.9 26.1±4.3 >0.05
Triglycerides (mmol/L) 1.9±0.9 1.9±1.1 >0.05
LDL (mmol/L) 3.0±0.9 3.9±1.2 <0.01
HDL (mmol/L) 1.2±0.3 1.3±0.3 >0.05

Table 1. Risk factors mean values in evaluated groups of 
participants

RAO, retinal artery occlusion; SD, standard deviation; BMI, body 
mass index; LDL, low density lipoprotein; HDL, high density 
lipoprotein

Observed parameters
Matched 

population
N=27 (%)

Group with 
RAO

N=45 (%)
p

Male gender 14 (52.0) 25 (55.6) >0.05
Hypertension 12 (44.4) 40 (88.9) <0.01
Diabetes Mellitus 4 (14.8) 8 (17.8) >0.05
Hyperlipoproteinemia 12 (44.4) 31 (68.9) <0.05
Metabolic syndrome 7 (25.9) 24 (53.3) <0.05

Table 2. Proportion of risk factors in evaluated groups of 
participants

RAO, retinal artery occlusion

Observed parameters
Group with 

CRAO
(Mean±SD)

Group with 
BRAO

(Mean±SD)
p

Age (years) 61.3±13.1 60.4±12.6 >0.05
Waist circumference (cm) 93.4±10.2 92.8±9.6 >0.05
BMI (kg/m2) 26.4±4.2 25.9±4.4 >0.05
Triglycerides (mmol/L) 1.8±1.1 2.0±1.1 >0.05
LDL (mmol/L) 3.8±1.2 4.1±1.3 >0.05
HDL (mmol/L) 1.4±0.1 1.2±0.3 <0.01

Table 3. Risk factors mean values in group of patients with 
retinal artery occlusion (RAO)

CRAO, central retinal artery occlusion; BRAO, branch retinal artery 
occlusion; SD, standard deviation; BMI, body mass index; LDL, low 
density lipoprotein; HDL, high density lipoprotein

Observed parameters
Group with 

CRAO
N= 25 (%)

Group with 
BRAO

N=20 (%)
p

Male gender 14 (56.0) 11 (55.0) >0.05
Hypertension 22 (88.0) 18 (90.0) >0.05
Diabetes Mellitus 5 (20.0) 3 (15.0) >0.05
Hyperlipoproteinemia 18 (72.0) 13 (65.0) >0.05
Metabolic syndrome 14 (56.0) 10 (50.0) >0.05

Table 4. Proportion of risk factors in the group of patients with 
retinal artery occlusion (RAO)

CRAO, central retinal artery occlusion; BRAO, branch retinal artery 
occlusion

Hypertension (88.9%, p<0.01), hyperlipoprote-
inemia (68.9, p<0.05) and metabolic syndrome 
(53.3%, p<0.05) were significantly more frequ-
ent in patients with RAO, while gender (55.6%, 
p>0.05) and diabetes mellitus (17.8%, p>0.05) 
were not in direct correlation with the develo-
pment of RAO (Table 2). It was presented that 
most frequent risk factor for RAO was hyperten-
sion, making the proportion of 88.9% of patients 
with RAO in our study (Table 2). 

Regarding the type of affected RAO (CRAO ver-
sus BRAO) no significant differences for the eva-
luated parameters were found except for HDL 
cholesterol fraction values, where it was noticed 
that lower values of HDL were significantly more 
associated with BRAO  (HDL=1.2±0.3, p<0.01) 
rather than with CRAO (Table 3). Even though 
there were no significant differences between the 
group of patients with CRAO and the group of in-
dividuals with BRAO, more frequently negative li-
pid profile (increased triglycerides and LDL levels) 
and hypertension were noticed in patients with 
BRAO potentially indicating that such parameters 
affect BRAO earlier than CRAO. Contrary to these 
observations, it was noticed that individuals with 
CRAO were more frequently diagnosed, even tho-
ugh without statistical significance, with diabetes 
mellitus (20.0%), hyperlipoproteinemia (72.0%) 
and metabolic syndrome (56.0%) (Table 4). 
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DISCuSSION

Cardiovascular risk factors and certain systemic 
diseases are usually associated with the retinal 
vascular occlusions (RVO) (12). More than a 
century ago, Marcus Gunn came to the conclusi-
on in his study that retinal vasculature provided 
information of tissue damage related to hyper-
tension (13). In the work of Babikian et al, it is 
described that identified risk factors for ocular 
vascular events are arterial hypertension, hyperli-
pidemia, diabetes mellitus, past or present history 
of smoking and coronary artery disease (14). In a 
10-year follow-up study, the association between 
RVO and high cholesterol levels, history of myo-
cardial infarction, diabetes mellitus and higher 
blood cell count was reported (15,16). Further, 
it was stated as well that lipid disbalance, par-
ticularly their fractions present independent risk 
factors for atherosclerosis development (17).
We have pointed out that hypertension, high LDL 
levels and high HLP levels were the strongest 
risk factors for RAO. Furthermore, this study 
demonstrated that metabolic syndrome as a mul-
tifactorial disorder was strongly associated with 
RAO. More than a half of evaluated patients with 
RAO had metabolic syndrome as well, and in the 
control group 3 out of 4 individuals were without 
one. These findings stress out that patients with 
the established RAO or those who are at risk 
should be screened for the presence of metabolic 
syndrome in order to prevent ocular vascular occ-
lusions and complications as well.
Regarding other lipid fractions, the results of this 
study have shown that there were no statistically 
different values of HDL fraction and triglyceri-
des in both groups of participants, implicating 
that HDL and triglyceride fractions were less 

specific parameters in the evaluation of RAO 
than LDL fractions. 
Several studies questioned the role and correlati-
on of genetics and the retinal vascular structure, 
since variability in vascular calibers is believed 
to be related to genetic factors (18,19). The po-
ssible influence of certain genetic factors will 
help us understand more precisely the pathop-
hysiological processes in microvascular structu-
res for those with established hypertension and 
cardiovascular disease. These findings could give 
possible answers to the questions regarding the 
genetic influence and multifactorial origin of re-
tinal vascular occlusive disease (18-20).
The results of this study have shown that LDL 
cholesterol fraction is the most potent factor for 
the occlusion processes in retinal artery, while 
lower HDL cholesterol fraction is in correlation 
with higher frequency of BRAO. Elevated blo-
od pressure, hyperlipoproteinemia and metabolic 
syndrome are identifiable risk factors for the occ-
lusion of retinal artery. 
In conclusion, the patients with atherogenic risk fac-
tors were more prone to the development of RAO, 
HDL had more protective effects on smaller blo-
od vessels (branch retinal artery) than larger blood 
vessels (central retinal artery). This study presents 
the first observation conducted in Serbia on athero-
genic influence of selective risk factors along with 
metabolic syndrome on retinal artery occlusion in-
cluding branch and central retinal artery vessels.
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SAŽETAK

Cilj rada je ispitati uticaj aterogenih faktora rizika kod pacijenata s retinalnom arterijskom okluzijom 
(RAO) i kod kontrolne grupe, kao i kod ispitanika s centralnom RAO i okluzijom grane retinalne arterije. 

Metode Ispitivana su 72 pacijenta iz dvije grupe – grupe s dijagnostikovanom RAO (prva grupa; 45 
pacijenata) i kontrolne grupe koja je uključivala pacijente bez RAO-a ili bilo kog drugog oftalmološkog 
oboljenja (druga grupa; 27 pacijenata). Iz grupe s dijagnostikovanom RAO posebno su analizirani paci-
jenti s centralnom RAO i pacijenti s okluzijom grane retinalne arterije. Analizirani su sledeći parametri: 
indeks telesne mase (ITM), krvni pritisak, nivo glukoze u krvi, trigliceridi, LDL i HDL frakcije holeste-
rola, prisutnost metaboličkog sindroma i hiperlipoproteinemija. 

Rezultati  U grupi pacijenata s RAO-om zabilježeno je statistički značajno povećanje nivoa LDL-a. 
Hipertenzija (88.9%), hiperlipoproteinemija (68.9%) i metabolički sindrom (53.3%) bili su značajno 
češće prisutni kod pacijenata s RAO-om, dok pol i dijabetes melitus nisu bili u direktnoj korelaciji s 
razvojem RAO-a. Pacijenti s RAO-om nisu imali značajno veće vrednosti ITM-a u odnosu na kontrolnu 
grupu. Frakcija HDL-a imala je značajno veće vrednosti kod pacijenata s centralnom RAO u odnosu na 
one s okluzijom grane retinalne arterije. 

Zaključak  Pacijenti s aterogenim faktorima rizika više su predisponirani ka razvoju RAO-a. Takođe je 
pokazano da HDL ima više protektivni efekat na granu nego na stablo retinalne arterije.

Kljčne reči: vaskularna okluzija, oko, lipidi, metabolički sindrom
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ABSTRACT 

Aim To determine correlation between central corneal thickness 
(CCT) and applanation intraocular pressure (IOP) in normal pati-
ents with primary open angle glaucoma and patients with ocular 
hypertension. 

Methods Two-year retrospective study designed to determine 
correlation between CCT and IOP. Records of 121 patients were 
included in the study. Inclusion criteria were: IOP higher than 22 
mm Hg for a group with ocular hypertension but without functio-
nal, morphological damage and progression, diagnosis of glauco-
ma for a group with open-angle glaucoma and normal ophthalmo-
logical results for a control group. Patients who were mono-oculus, 
patients with secondary glaucoma and who had surgical treatment 
were excluded. The patients were selectively grouped according 
to types of glaucoma, by gender and age. The IOP values were 
measured by Goldman’s applanation tonometer, CCT values were 
determined using ultrasonic pachymeter, in the period from Janu-
ary 2011 to December 2012. 

Results Of total 121 subjects, 51 had primary open angle glau-
coma (POAG), 40 had ocular hypertension (OHT) and 30 had 
normal ophthalmological findings (control group).  The CCT va-
lues in OHT group 529.37+/-25.18 µm were greater than of both 
POAG, 501.02+/-14.04 µm and control group, 497.37+/-14.90 
µm. The IOP values in OHT group were 20.25+/- 3.62 mm Hg, 
and in POAG group were 18.25+/-2.70 mm Hg, while in the con-
trol group they were 13.53+/- 3.62 mm Hg.

Conclusion Determination of CCT in patients with glaucoma is 
crucial, considering its impact on IOP values, which represents 
a parameter in glaucoma diagnosis, as well as monitoring further 
progress of ocular hypertension and patients diagnosed with gla-
ucoma. 

Keywords: glaucoma disease, Goldman’s tonometer, ultrasonic 
pachymeter 
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INTRODuCTION

Glaucoma is the second leading cause of blin-
dness in the world, and the third in Serbia (1, 
2). The intraocular pressure (IOP) is essential 
in diagnosis of glaucoma and it is also known 
as a modifiable risk factor (3, 4). Patients with 
intraocular hypertension whose central corneal 
thickness (CCT) is increasing are considered 
to be at higher risk of developing open angle 
glaucoma (5). In eyes with thin cornea the glau-
coma progression tends to appear earlier, which 
suggests a need for lower target IOP for moni-
toring of those patients (10). Ophthalmologists 
bring forward that CCT measurement should 
be one of the regular examinations in the tre-
atment and prognostic assessment of patients 
with glaucoma disease (11-13). Values of IOP 
and CCT may account for measurement error 
induced by known corneal biomechanics. Com-
pared to Goldman’s applanation tonometer, IOP 
and CCT may be superior tests in the evaluation 
of glaucoma, however, is unlikely that they will 
represent an effective diagnostic test (19).  
The aim of the study was to determine the rela-
tionship between CCT and IOP in patients with 
POAG, OHT and control group, to put diagno-
stics in the service of an adequate therapy by 
monitoring patients with intraocular hyperten-
sion, as well as those who had  already been 
diagnosed with glaucoma disease (to prevent 
farther damage).

PATIENTS AND METhODS

Retrospective study included three groups of 
patients: patients with primary open angle gla-
ucoma, patients with ocular hypertension and 
patients with normal ophthalmological results 
as a control group. Age primary open angle 
glaucoma (POAG), ocular hypertension (OHT) 
and control group were 15-30, 31-45, 46-60 
and >60 years of age. Patients were selected 
from standard protocols of patients who were 
visiting Clinic of Ophthalmology in Clinical 
Centre Kragujevac in Kragujevac, Central Ser-
bia in the period between January 2011 and 
December 2012. The Ethics Committee of the 
Clinical Centre of Kragujevac, in Kragujevac, 
approved this study. 
A total of 121 subjects (242 eyes) were included 
in the study and categorized into three groups 

according to IOP, cup-to-disc ratio (obtained by 
indirect fundus examination, e.g. morphological 
damages), and visual field parameters (obtained 
by three Octopus - perimetry tests e.g. functional 
damages): the patients with open angle glauco-
ma, ocular hypertension and control group, res-
pectively. Inclusion criteria were: for the group 
with ocular hypertension IOP higher than 22 mm 
Hg but without functional and morphological da-
mage and progression, for the group with open 
angle glaucoma standard clinical diagnosis of 
glaucoma, and normal ophthalmological results 
for the control group. Patients who were functio-
nal mono-oculus for any reason, patients with se-
condary glaucoma and patients who had any sur-
gical treatment for glaucoma were excluded. All 
measurements were performed under topical ane-
sthesia (tetracaine sol. 1%). The IOP values were 
measured by Goldman’s applanation tonometer, 
while CCT values were measured by ultrasonic 
pachymeter (ultrasonic pachymeter, Heidelberg 
Engineering Germany). Top anesthetized cornea 
was gently touched by a small ultrasonic probe 
with one touch by ten consecutive measurements. 
In its software system this machine has ten con-
secutive measurements, formulas for calculating 
the IOP in relation to the measured thickness of 
the cornea and correction factor of IOP, each 
changed in CCT for 10-20 µm, changes of IOP 
values for 1 mm Hg. The IOP was measured three 
times (middle value), each consecutively using 
the Goldman’s applanation tonometry. Analyses 
of variance were used for the comparison of CCT 
between groups determined by types of glauco-
ma, subdivided by age and gender.
Frequency (the diagnoses of OHT, POAG and 
control group) subdivided to the sex and the age 
group of the patients were performed by Chi-squ-
are test, t-test, and p< 0.01 was taken for statisti-
cal significance (CCT and IOP were presented in 
mean +/- 2 SD). 

RESuLTS

Of the total 121 (242 eyes) patients who were 
included in study, 51 (102 eyes) (42.15%) 
had primary open angle glaucoma (POAG), 
40 (80 eyes) (33.06%) had ocular hyperten-
sion (OHT) and 30 (60 eyes) (24.79%) were 
patients with normal ophthalmological results 
(Table 1).  
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value of IOP in the control group was 13.53 mm 
Hg (Table 2).

DISCuSSION 

The results of this study have shown that 42.15% 
patients had primary open angle glaucoma, 33.06% 
ocular hypertension and 24.79% of the patientsh-
had the normal ophthalmological results.  The CCT 
values in the OHT group were greater than both 
CCT values of the POAG group and CCT values of 
the control group. The IOP values of the OHT gro-
up were 20.25+/-3.62 mm Hg; POAG group values 
were 18.25+/-2.7 mm Hg; the control group values 
were 13.53+/-3.62 mm Hg. Analyses showed that 
there was nt important dependence in correlation 
of the disease distribution between genders, but 
the age group 46-60 showed a high prevalence of 
glaucoma. Mean value of IOP for all groups was 
within referenceslimits, which implies that the 
population investigated wae under adequate clini-
cal and therapeutiy treatment (3). The question of 
adequacy of therapy used for the population with 
OHT disease remains open for the time beinw (3). 
Adequate monitoring and frequent controls remain 
the only solution for ophthalmologists, so the dise-
ase could cut off diagnoses in early stage. Clincal 
diagnosie for this study was set using morphologi-
cal (optic nerve head) and functional (visual field) 
examinations, showing that CCT has influenced 
the adequate diagnosis of OHT and POAG, which 
is in agrrement with other studies (2). Raised IOP is 
the causal risk factor for glaucoma that can be the-
rapeutically manipulated to change the course of 
the disease progress and can use corneal pachyme-
try to help discover increased CCT, as another risk 
factor in the management of glaucoma disease (3, 
4). The Goldman’s applanation tonometry is the 
“gold standard” for IOP measurements, used by 
domestic and international glaucoma experts (5). 
Determination of the CCT (500-555 µm) for each 
patient is necessary in contemporary managements 
of glaucoma disease, which was respected by aut-
hors while esamining the patients (5). 
In open angle glaucoma, a small, but significant 
increase in the average of stromal thickness was 
noticed in this study. This thickness increase was, 
in all likelihood, due to abnormal function of the 
endothelium in this disease since the level of IOP 
did not seem to be the dominant factor, but expe-
rience shows that it shouls not be underestimated 
as  a risk factor (6). 

No (%) of patients in the group
Age group
(years)

POAG OHT Control 
Total CCT (µm)

M F M F M F
15-30 3 3 2 3 2 2 15 (12.40) 524.58
31-45 8 7 7 5 7 5 39 (32.23) 518.15
46-60 9 8 9 10 5 6 47 (38.85) 517.21
>60 6 7 2 2 2 1 20 (16.53) 503.64

4 groups 51 
(42.15)

40 
(33.06)

30 
(24.79) 121 (100) Mean ((µm))

509.53 

Table1. Age and sex distribution of primary open angle glau-
coma, ocular hypertension and control group and with central 
corneal thickness

POAG, primary open angle glaucoma; OHT, ocular hypertension; CCT, 
central corneal thickness; M, males; F, females; Mean, middle values

Glaucoma type Mean IOP
(mm Hg) SD Mean CCT 

(µm) SD

OHT 40 20.25 mm Hg 1.81 529.37 µm 12.59
POAG 51 18.25 mm Hg 1.35 501.02 µm 7.07
Control group 30 13.53 mm Hg 1.81 497.37 µm 7.45
3 groups 121(100) ∑ 17.34 mm Hg - ∑ 509.53 µm

Table2. Correlation of glaucoma types (ocular hypertension, 
primary open angle glaucoma and control group), means of 
intraocular pressure and means of central corneal thickness

OHT, ocular hypertension; POAG, primary open angle glaucoma; 
Mean IOP, middle valves of intraocular pressure; Mean CCT, middle 
valves of central corneal thickness; SD, standard deviation

The CCT values in the OHT group, 529.37+/-
25.18 µm, were greater than both CCT values of 
the POAG group, 501.02+/-14.04 µm, and CCT 
values of the control group, 497.37+/-14.90 µm. 
The IOP values in the OHT group were 20.25+/- 
3.62 mm Hg, while in the POAG group they were 
18.25+/-2.7 mm Hg, compared to the control gro-
up, 13.53+/- 3.62 mm Hg (Table 2). There was no 
relation between the diagnosis and sex of respon-
dents; but the age group with patients aged over 
60 showed statistical significance in the number 
of patients with POAG, OHT compared to the 
control group (p=0.011) (Table 1). Authors fo-
und a significant statistical difference was found 
(p=0.000) (Table 2) between respondents with 
OHT (value thickness corneal - 529.50 µm) and 
CCT of the control group (497.37 µm). The com-
parison of POAG mean value of CCT and control 
group of patients has shown the statistical diffe-
rence (p=0.034), 501.02 µm and 497.37 µm, res-
pectively. In patients with OHT, mean value of 
CCT (529.50 µm) and value of CCT for the group 
with the POAG (501.02 µm) was statistically dif-
ferent (p=0.000) (Table 2).

Mean value of IOP (20.25 mm Hg) in the patients 
with already established OHT diagnosis showed 
that IOP is one of the risk factors for progression 
of glaucoma. Mean value of IOP in patients with 
the POAG of 18.25 mm Hg was noticed. Mean 
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The CCT must be considered when developing e 
treatment approach for the patients with OHT and 
POAG, as it is a known clinical suggestion (6, 7). 
Measured mean values of CCT suggest that there 
is certain dependence of CCT and glaucoma (with 
measured IOP), but only, as some of the factors for 
the development of POAG and OHT,tas confirmed 
by the ophthalmologists in this study (8, 9). In con-
clusion, the correlation between the Goldman’s 
applanation tonometry and the CCT has bees inve-
stigated in many studies during the last four deca-
des, as in this study (9). Determination of the CCT 
in glaucoma cases is crucial since it has impact on 
the IOP values, measured with the applanation to-
nometer, which is the important parameter in dia-
gnosing and follow up of POAG and OHT (9, 10). 
The mean CCT was higher for OHT and POAG 
than in the control group. CCT was estimated to 
have a clinically significant influence on IOP me-
asurements in patients with POAG and OHT with 
the correction factor of IOP (each change in CCT 
for 10-20 µm, changes IOP values for 1 mm Hg) 
(9, 10). Ophthalmologists suggest that pachymetry 
results should be considered in the management of 
patients with OHT and glaucoma disease (10). The 
Corneal pachimetry is used in POAG and OHT for 
diagnosis and follow-up, and to establish a corre-
lation between CCT and glaucoma progression. 
CCT is significantly higher in eyes with OHT than 
in those with POAG. In eyes with thin cornea the 
glaucoma progression tends to appear earlier, whict 
suggests a need for lower target IOP for monito-
ring those patients (10). CCT is a confirmed risk 
factor for progression from OHT to POAG, and it 
is discussed whether CCT could have an inverse 
relation with the risk of developing glaucoma da-
magg. Ophthalmologistsdclaim that CCT measure-
ment should be one of regular examinations in the 
treatment of glaucoma patients (11). Measurement 
of CCT is valuable for prognostic assessment of 
glaucoma, but not for correction factors for corneal 
thickness, as some author believed earlieh, but to-
day clinics cannot exclude the correctional factor, 
because of the fidelity of the results (12, 13). The-

re was no significant difference in CCT between 
POAG patients and control group (India), but do-
mestic experts did ’ot share this opinion (14). In ad-
dition tn the effect of thin, thick and normal corneas 
measured by Goldman’s applanation tonometer, as 
well as values of IOP and correction formulae are 
individual in eyes, which was also found bt opht-
halmologic specialistd (15). A Prospective for long-
term studieseis needed if we wish to understand 
the disease better and help patients at greater risk 
of progression and blindness with our human and 
professional efforts (16). Besides the understanding 
of mechanism underlying the role of CCT as a risk 
factor for the development of glaucoma, it is also 
of an importance to understand hoe information 
about CCT should be used in clinical management 
of OHT and glaucoma disease and the actual que-
stion of glaucoma experts is whether other ocular 
properties should be measured to understang better 
individual risk profile of the patients (17). 
In patients who have glaucoma diagnosed, IOP 
must be treated because it has an influence on pro-
gression of glaucom, regardless of the baseline of 
IOP and CCT (18). Compared to Goldman’s appla-
nation tonometer, IOP and CCT may be a superior 
test in the evaluation of glaucoma but ares unlikely 
to represent effective diagnostic tests (19). 
The deficiency of this study may be in a potential 
subjective way of measuring values of CCT and 
IOP, use of adequate corrective factors, needs for 
a larger sample and time frame for follow-up of 
glaucoma disease. Novelties, guidelines and me-
ssages that may arisemfrom this studyein relatiod 
to present knowledgetinclude the values of CCT 
as diagnostics and risk factors for monitoring of 
glaucomatous disease and other entities, which can 
be routine in clinical work with patients, but also a 
greater professional challenge for future researches.
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Evaluacija centralne kornealne debljine kod pacijenata s 
okularnom hipertenzijom i primarnim glaukomom otvorenog ugla 
Mirjana A. Janićijević-Petrović1, Tatjana S. Šarenac-Vulović1, Katarina M. Janićijević2, Dejan A. Vulović2, 
Popović B. Andrijana2, Dragan I. Vujić³
1Klinika za oftalmologiju, Klinički centar Kragujevac u Kragujevcu; 2Fakultet medicinskih nauka Univerziteta u Kragujevcu; ³Državni 

univerzitet u Novom Pazaru; Srbija

SAŽETAK  

Cilj  Cilj studije bio je određivanje korelacije između centralne kornalne debljine (CCT) i intraoku-
larnog pritiska (IOP), meren aplanaciono, kod kontrolne grupe, pacijenata s primarnim glaukomom 
otvorenog ugla i s okularnom hipertenzijom. 
Metode  Dvogodišnja retrospektivna studija dizajnirana je da odredi korelaciju između CCT-a i IOP-a. 
U studiju je bio uključen 121 pacijent. Kriteriji izbora i uključivanja svakog pacijenta bili su: IOP preko 
22 mm Hg za grupu s okularnom hipertenzijom, bez funkcionalnih, morfoloških oštećenja i progresije 
bolesti; dijagnoza glaukoma za grupu s glaukomom otvorenog ugla i normalni oftalmološki nalazi za 
kontrolnu grupu. Pacijenti,  monokulusi, sa sekundarnim glaukomima i s hirurškim tretmanima, bili su 
isključeni. Pacijenti su bili podeljeni u grupe prema tipu glaukoma, polu i starosnoj dobi. IOP vrednosti 
su merene Goldmanovim aplanacionim tonometrom, a CCT vrednosti su određivane upotrebom ultra-
zvučnog pahimetra u periodu od januara 2011. do decembra 2012. godine. 
Rezultati  Od ukupno 121 ispitanika, 51 je imao primarni glaukom otvorenog ugla (POAG), 40 okular-
nu hipertenziju (OHT), a njih 30 bili su kontrolna grupa s normalnim oftalmološkim nalazima. Rezul-
tati pokazuju da su vrednosti CCT-a u grupi s OHT-om (529.37+/-25.18 µm) bile veće nego vrednosti 
CCT-a u grupi s POAG-om (501.02+/-14.04 µm), te u kontrolnoj grupi (497.37+/-14.90 µm). Vrednosti 
IOP-a u grupi s OHT-om bile su 20.25+/- 3.62 mm Hg, u grupi s POAG-om 18.25+/-2.70 mm Hg, a kod 
kontrolne grupe 13.53+/- 3.62 mm Hg.
Zaključak  Određivanje CCT-a kod pacijenata s glaukomom bitan je faktor pri merenju IOP-a, koji pred-
stavlja dijagnostički parametar za praćenje progresije okularne hipertenzije i dijagnostikovanog glaukoma. 
Ključne reči: glaukomna bolest, Goldmanov tonometar, ultrazvučni pahimetar



120

ORIGINAL ARTICLE

The effect of pseudophakia on retinal and cortical functions
Fahrettin Akay1, Fatih M. Mutlu2, Fatih C. Gundogan3, Gungor Sobaci2

1Department of Ophthalmology, Izmir Military Hospital, Izmir, 2Department of Ophthalmology, GATA Medical Faculty, Ankara; Turkey

Corresponding author:

Fahrettin Akay

Department of Ophthalmology, 

Izmir Military Hospital 

Izmir Asker Hastanesi, Göz Hst. Servisi, 

İzmir, Turkey

Phone: +90 505 382 9385;

Fax: 90 312 321 3472; 

E-mail: drfakay@yahoo.com 

Original submission:

12 March 2013;

Revised submission:

07 June 2013;

Accepted:

05 September 2013.

Med Glas (Zenica) 2014; 11(1):120-126

ABSTRACT

Aim To investigate the effect of pseudophakia on visual electrop-
hysiology.

Methods Right eyes of 60 pseudophakic (study group) age- and 
sex-matched 60 phakic (control group) volunteers were included. 
Subjects without any ocular and systemic disease, who had visual 
acuity of ≥9/10 underwent full-field electroretinogram (ERG), pa-
ttern electroretinogram (PERG), pattern visual evoked potentials 
(PVEP) and electro-oculogram (EOG) recordings.

Results The P100 latency to 1º-check was significantly shorter in 
both pseudophakic groups (study group: 102.98±6.11, control 
group: 107.06±10.70, p=0.012). The P100 amplitude to 15’-check 
was significantly higher in the pseudophakic groups (study gro-
up: 13.96±7.01, control group: 11.60±4.69, p: 0.033). Regarding 
ERG, b-wave implicit time in rod response and a-wave implicit 
time in standard combined response (SCR) were significantly 
shorter in the pseudophakic group (p=0.017, and <0.001, respec-
tively). B-wave amplitude in rod response and a-wave amplitude 
in SCR were significantly higher in the study group (p<0.001 for 
both). The P1 and N1 amplitude and implicit time differences in 
30-Hz flicker response were not significant (p>0.05). Conversely, 
P3/P4 implicit times in oscillatory potentials (OPs) were delayed 
in the pseudophakic group (p=0.001, and 0.002, respectively). 
The P1 amplitude increase in OPs in the study group was signi-
ficant (p<0.001). The N95 latency in PERG was significantly de-
layed (p=0.002) and P50 amplitude was increased (p=0.002) in 
the pseudophakics. Arden ratio in EOG was similar in both groups 
(p=0.961).

Conclusion Pseudophakia seems to influence ocular electrophysi-
ological tests. Possible causes of these influences in the patients 
with pseudophakia should be clarified by further studies.

Key words: electrooculogram, electroretinogram, pattern electro-
retinogram, pattern visual evoked potentials
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INTRODuCTION

The elderly population is increasing throughout 
the world, and senile cataract is the leading cause 
of preventable blindness all over the world (1). 
Recent developments in cataract surgery have in-
creased the number of pseudophakic people thro-
ughout the world (2). Ocular electrophysiologi-
cal tests are widely used diagnostic methods and 
with time, an increasing number of pseudophakic 
patients are undergoing quantitative electrop-
hysiological tests especially to detect and follow 
up glaucoma, retinal and neuroophthalmological 
diseases (3). For this reason, it would be of gre-
at value to have more precise information on the 
effect of pseudophakia on the results of electrop-
hysiological tests (4).
A number of studies investigated the effect of dif-
ferent degrees of cataract on ocular electrophysi-
ological tests on a pre-and post-operative basis 
(5-9). Cataract was shown to reduce the amplitu-
des of the a-wave and the b-wave of the scotopic 
full-field electroretinogram (ERG) (4). In con-
trast, a normal (10) and a larger (3) than normal 
scotopic ERG response have also been recorded 
in patients with cataract. It was suggested that the 
latter effect might be due to the light-scattering 
effect of the cataract (3). Chan et al found that the 
central multifocal electroretinogram (mfERG) 
response density was reduced, but the peripheral 
mfERG response densities were increased un-
der the light scattering condition (11). Cataract 
was also shown to reduce pattern electroretino-
gram (PERG) amplitude and delay pattern visual 
evoked potential (PVEP) latency (5,6). To our 
knowledge, there has been no study that investi-
gated the influence of pseudophakia on human 
ocular electrophysiology although this topic has 
epidemiological importance. 
The aim of this study was to explore the effect of 
pseudophakia on PVEP, PERG, full-field electro-
retinogram (ERG) and electrooculogram (EOG). 

PATIENTS AND METhODS

This prospective, case-control study was conduc-
ted in a tertiary health center in Turkish Army. 
In agreement with the Declaration of Helsinki, 
approval from the Ethics Committee had been 
obtained and participants had given their infor-
med consents in writing. 

The right eyes of 60 consecutive patients with 
bilateral pseudophakia (study group) and 60 
volunteers with bilateral phakia (control group) 
were included. Extracapsular cataract extraction 
(phacoemulsification) and posterior chamber in-
traocular lens (Sensar AR40e®, AMO) implan-
tation was performed by a single experienced 
surgeon (FMM). Posterior capsule remained in-
tact in all operated patients. In order to prevent 
a possible retinal phototoxicity due to operating 
microscope, the operations were performed at 
low illumination setting. 
Only right eyes of those patients with the final 
best corrected visual acuity (BCVA) of 9/10 or 
better were included. The type and degree of lens 
opacification of the phakic subjects who were 
willing to participate in the study were evaluated 
by the same ophthalmologist (FMM) with dila-
ted pupils and only the subjects with clear lenses 
(N0, NC0 or 1, C0, P0, Lens Opacities Classifi-
cation System II) were included in the study in 
order to minimize the influence of cataract on 
electrophysiological tests. In either patients or 
subjects, inclusion criteria were  the absence of 
clouding of the optic media, other eye disease 
such as glaucoma, age-related macular degene-
ration, high myopia or systemic diseases that mi-
ght affect the tests, such as diabetes mellitus and 
systemic arterial hypertension. To ensure that all 
subjects were free of retinal disease, eye exami-
nation including measurement of visual acuity, 
intraocular pressure, slit-lamp and fundoscopic 
examinations was done. In addition, fast macu-
lar thickness analysis procedure by using optical 
coherence tomography-internal normative data-
base (OCT Stratus, Zeiss) was performed in pse-
udophakic subjects in order to exclude macular 
edema. All subjects had less than ±2 D of spheric 
error and less than 1.00 D of astigmatism. Elec-
trophysiological tests were performed at least 6 
months after the surgery. 

Electrophysiological tests 

The Roland-Consult RetiPORT System™ (Wie-
sbaden, Germany) was used. All recordings were 
made on the basis of the International Society for 
Clinical Electrophysiology of Vision (ISCEV) 
recommendations (12-15). The room temperatu-
re was 21°C and, background illumination was 
below 1 cd/m2 in all recordings.

Akay et al. Pseudophakia and electrophysiology
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Electroretinogram 

The electroretinogram (ERG) is a total response 
for the whole retina to photopic stimuli and the 
record of the action potential generated at that 
time. The ERG represents the combined electri-
cal activity of different cells in the retina. A stan-
dard ERG includes recording of the rod response, 
standard combined response, oscillatory potenti-
als (OPs), single flash cone response and 30-Hz 
flicker cone response (12).
Pupil dilation was performed by instilling one 
drop of tropicamide 1%. To record rod ERG, 
SCR and OPs, all subjects were dark adapted 
for 30 minutes. Dawson-Trick-Litzkow (DTL) 
fiber electrodes were then positioned prior to 
recording under dim red light. A white flash of 
0.0095cds/m2 (25 log units below the standard 
flash of 3.00cds/m2) was used with an interval of 
2s to obtain rod ERG. To record SCR and OPs, 
white standard flash (3.00cds/m2) was used with 
an interval of 10 s and 2 s, respectively. Subjects 
were than light adapted to a white rod saturating 
background (25 cd/m2) for 10-min before recor-
ding cone and 30-Hz flicker responses by white 
standard flash. The interval between the stimuli 
in recording single flash cone ERG was 2s. The 
responses were amplified with a gain of 10000 
and recorded over a bandwith of 100-500 Hz for 
OPs and 1-300 Hz for rod, SCR, single flash cone 
ERG and 30-Hz flicker ERG recordings. A typi-
cal ERG recording is shown in Figure 1.

Pattern visual evoked potential (PVEP) 

The PVEP is a cortical response to a contrast-
reversal of a checkerboard pattern. PVEP com-
ponents that are commonly measured include 
the N75, P100, and N135 (Figure 1). P100 peak is the 
most stable peak between the subjects and it is 
the most useful parameter in clinical evaluations. 
Refractions of the subjects were corrected before 
the PVEP recordings with trial lenses. Monocular 
PVEPs were recorded with gold disc surface elec-
trodes. Active electrodes were placed on the scalp 
over the visual cortex at Oz with the reference 
electrode at Fz. The ground electrode was placed 
on the forehead. A 20 cm x 30 cm screen was pla-
ced 1 meter in front of the subjects. The reversal 
rate was 2 reversals per second. One hundred sti-
muli were averaged. The checkerboard stimulus 

subtended a visual angle of 5.7° vertically and 
8.5° horizontally on either side of the fixation. Lu-
minance was <1 cd/m2 (<0.017cds/m2) for black 
hexagons and 115 cd/m2 (1.92 cds/m2) for the whi-
te hexagons (contrast: 99%). The PVEP recordin-
gs to two check sizes (1º, 15’) were obtained. 

Pattern electroretinogram (PERG)

The PERG is the retinal response to a structured 
stimulus, such as a reversing black-and white 
checkerboard or grating. The PERG is a small 
response, and its recording is technically more 
demanding than other visual electrophysiologic 
tests. The waveform consists of a prominent po-
sitive component, P50, with a larger later negative 
component, N95 (Figure 1). 
Refractions of the subjects were corrected before 
the recordings with trial lenses. Monocular PER-
Gs (right eye) were recorded with DTL fiber elec-
trodes. The electrodes were placed in the lower 
fornix and stabilized near the lateral canthus with 
adhesive strips. Gold cup reference electrodes 
were placed at the ipsilateral outer canthi. A gro-
und electrode was attached to the forehead. The 
electrical impedance for all electrodes was less 
than 3 kΩ. The contrast level, reversal rate and 

Figure 1. Electroretinogram, pattern visual evoked potentials, 
pattern electroretinogram and electro-oculogram recorded 
from a participant
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check size were 99% (with the same luminance 
levels used for PVEP recording), 3 reversals per 
second (transient PERG). Only one check size 
(30’) was used. The filter was set at 1-100 Hz. 
One hundred and fifty stimuli were averaged. 
Fixation was monitored closely by an experien-
ced electrophysiology technician during PVEP 
and PERG recordings.

Electrooculogram (EOG)

The EOG records a standing or resting potenti-
al of approximately 6mV that is always present 
between the cornea and the back of the eye. The 
current flow is oriented so that voltage at the cor-
nea is positive relative to the posterior pole. 
Gold cup skin electrodes were attached with tape 
near the lateral and medial canthi of both eyes to 
record EOG. Pupil dilation with 1% tropicamide 
was performed. Horizontal fixation targets were 
30 degrees apart. After the initial pre-adaptation 
period of 15-min in room light, all lights were 
turned off and responses from saccadic eye mo-
vements were recorded for 15-min under a dark-
adapted condition (<1 cd/m2) and for 15-min 
under the light adapted (100 cd/m2) phase. Time 
interval of stimulation was 60s. The EOG data 
was collected for the first 12 s of every minute. 
The ratio of light peak to dark through (Arden 
ratio) was determined to evaluate the difference 
between the groups.

Statistical analysis

The difference between the data in the groups was 
investigated using independent samples t test. 
Independent samples t-test and chi-square tests 
were used to explore statistical significance for 
the variables in electrophysiologic tests and gen-
der differences between the groups, respectively.

RESuLTS

The difference for age, sex, best-corrected visual 
acuity and refraction was not significant between 
the groups (Table 1). 

Characteristics Patients with 
pseudophakia

Patients with 
phakia p

Age (years) 69.4±5.7 68.1±5.1 0.186
Sex (Male/Female) (No) 30/30 32/28 0.715
BCVA (metric values) 0.94±0.06 0.93±0.07 0.688
Refraction (diopters) -0.41±0.73 -0.32±0.74 0.495

Table 1. Demographic and clinical characteristics of the p

BCVA, best corrected visual acuity

Figure 2. Pattern electroretinogram P50 and N95 amplitude-
latency comparison between pseudophakic and phakic par-
ticipants

P100 latency in 1’-check was significantly delayed 
in subjects with phakia comparing to the patients 
with pseudophakia (p=0.012). In addition, P100 
amplitude in 15º-check was almost significantly re-
duced in subjects with phakia (p=0.061) (Table 2). 

Parameters Check 
size

Patients with 
pseudophakia

Patients with 
phakia p

P100 amplitude (µV)
1º 11.8±6.1 10.8±3.7 0.264
15’ 15.3±7.9 12.9±5.7 0.061

P100 latency (ms)
1º 103.0±6.1 107.1±10.7 0.012
15’ 108.5±8.3 109.8±10.0 0.433

Table 2. P100 amplitude and latency differences between the 
patients with pseudophakia and phakia

B-wave implicit time in rod response, a-wave 
implicit time in SCR were significantly shorter 
in the patients with pseudophakia. In addition, 
b-wave amplitude in rod response, a-wave am-
plitude in SCR, and a-wave amplitude in single 
cone response was significantly higher in the 
study group (Table 3). Regarding the OPs, there 
was significant delay in implicit times for P3 and 
P4 waves in the study group. In addition, the pa-
tients with pseudophakia had significantly higher 
P1 amplitude in the OPs (Table 4). 

Parameters Patients with 
pseudophakia

Patients 
with phakia p

Rod response
b wave (ms) 78.8±6.6 81.6±6.2 0.017
b wave (µV) 88.1±26.5 72.5±13.2 <0.001

Standard
combined 
response

a wave (ms) 18.9±2.5 22.9±1.7 <0.001
b wave (ms) 44.5±4.2 45.6±3.8 0.127
a wave (µV) 121.6±32.9 96.6±22.5 <0.001
b wave (µV) 200.5±50.3 189.6±32.6 0.163

Cone
response

a wave (ms) 15.5±1.5 15.9±1.0 0.084
b wave (ms) 33.5±1.7 33.4±1.7 0.626
a wave (µV) 20.1±6.2 16.4±4.5 <0.001
b wave (µV) 70.0±21.0 65.7±18.2 0.227

30-Hz flicker 
response

N1 (ms) 14.2±2.2 14.1±1.9 0.824
P1 (ms) 29.0±1.8 29.4±1.9 0.160
P1 (µV) 61.7±19.0 59.0±11.9 0.346

30-Hz (µV) 23.4±7.7 21.6±7.4 0.206

Table 3. Electroretinogram differences between the patients 
with pseudophakia and phakia
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The significant differences in PERG between the 
groups were observed in N95 implicit time and P50 
amplitude. N95 implicit time was delayed and P50 
amplitude was higher in the study group (Figu-
re 2). N95/P50 ratio was significantly lower in the 
patients with pseudophakia (2.01±0.17), com-
paring to the patients with phakia (1.88±0.23) 
(p<0.001).
The Arden ratios in the study group and con-
trol group were 2.368±0.431 and 2.381±0.522, 
respectively. The difference was not significant 
(p=0.961).

DISCuSSION

Cataract extraction and IOL implantation is cu-
rrently the only way for the treatment of cataract, 
the most significant cause of preventable blin-
dness over the world (16). Although most IOLs 
provide a reasonable imitation of the spectral 
characteristics of the natural human lens, the ba-
lance is a little less optimal than in the natural 

lens (17). 
A study showed that VEPs recorded on the first 
day after removal of a longstanding, dense, uni-
lateral cataract showed a marked delay to stimu-
lation of the operated eye compared to the uno-
perated eye, delays in the VEP returned to normal 
within approximately 3 months after the surgery, 
suggesting the sensitiveness of the adult central 
visual system to visual deprivation caused by 
longstanding, dense cataract (6). Semenicki et al. 
(18) observed a shortening of the N2 latency of 
flash VEP after cataract extraction and IOL im-
plantation. To the best of our knowledge, there 
has been no study that investigated the PVEP 
difference between the pseudophakic subjects 
and age- and sex-matched controls. Cataract de-
creases the contrast of the objects on the retina 
(19). For this reason, the latency shortening af-
ter cataract extraction that was found in previous 

studies is rather logical (6, 18). However, in this 
study, we showed that there was still a significant 
shortening of P100 latency in the pseudophakics 
with respect to age-matched phakics, even after 
at least 6 months of cataract surgery. Although 
the mean age of both patient groups in the present 
study was similar, a slightly significant decrease 
in contrast perception due to age-related changes 
of the lens of phakic subjects may cause this di-
fference.  However, this assumption needs to be 
confirmed. A second possible cause for PVEP and 
also ERG results according to the results of the 
present study may be related to the light scatte-
ring effect of intraocular lenses. A study showed 
that intraocular light scatter in pseudophakic eyes 
increase by a factor of 2 with respect to age-mat-
ched normal eyes (20). Light scattering by the in-
traocular lens causes the stimulation of a retinal 
area many times, and this may result in amplitu-
de increase and latency shortening in ERG and 
PVEP. The supranormal ERG amplitude increase 
and latency shortening in ocular albinism are also 
caused by this mechanism (21). 
The results of this study have shown that OPs 
were a series of wavelets superimposed on the 
ascending limb of the ERG b-wave after stimula-
tion by an intense light flash. The cellular origin 
of OPs in the retina is somewhat uncertain (22). 
Current information supports the conclusion that 
cells of the inner retina supplied by the retinal 
circulation, such as the amacrine or possibly 
interplexiform cells, are the generators of these 
potentials (23, 24). Reduction of amplitude of 
OPs becomes apparent in patients with diabetic 
retinopathy, central retinal vein occlusion, sickle 
cell retinopathy, X-linked juvenile retinoschisis, 
and in some patients with congenital stationary 
night blindness (25). This study found signifi-
cantly delayed implicit times (P3, P4) and lower 
P1 amplitude in OPs in the pseudophakic group. 
This result may be interpreted as reduced OPs in 
the pseudophakic subjects. 
The PERG is a powerful clinical tool, allowing 
both an objective evaluation of macular functi-
on and a direct assessment of retinal ganglion 
cell function. P50 and N95 may be selectively af-
fected in macular and optic nerve (and gangli-
on cell) disease, respectively (26, 27). Previous 
studies showed that chemical mediators such 
as, cytokines and prostaglandins, increase in the 

Parameters Patients with 
pseudophakia

Patients with 
phakia p

OP1
Amplitude (µV) 22.7±10.2 16.2±4.5 <0.001
Implicit time (ms) 19.6±1.7 19.4±1.0 0.349

OP2
Amplitude (µV) 44.6±13.7 44.8±9.1 0.909
Implicit time (ms) 26.6±2.4 26.7±1.1 0.733

OP3
Amplitude (µV) 7.2±4.4 6.2±3.9 0.210
Implicit time (ms) 36.8±4.8 34.4±1.3 <0.001

OP4
Amplitude (µV) 6.3±3.2 6.5±3.2 0.703
Implicit time (ms) 50.9±9.5 46.9±2.5 0.002

Table 4. Oscillatory potential differences between the patients 
with pseudophakia and phakia
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intraocular environment after phakoemulsifi-
cation surgery and this results in the disruption 
of blood-aqueous and blood-retina barrier (28). 
The pathophysiology of the postoperative cysto-
id macular edema is explained with this theory 
(29). In addition, it is probable that these chemi-
cal mediators affect not only the macula but also 
may affect the peripheral retina (28). Supporting 
this assumption, Teresaki et al (30) reported si-
gnificant amplitude reductions and implicit time 
delay in OPs in patients with aphakic and pseu-
dophakic cystoid macular edema. The patients in 
this study had neither cystoid macular edema nor 
increased macular thickness with respect to nor-
mative OCT database, but we had reduced OPs 
and N95 latency delay in pseudophakic patients. 
These PERG and OPs results may show an irre-
versible or long-lasting functional impairment in 
the inner retina due to intraocular inflammation 
after the phakoemusification surgery. There are 
various reports describing retinal and macular 
changes, remaining stable for at least 6 months 
after cataract surgery (31, 32). The effect of ca-
taract surgery on retinal and macular functions 
needs to be clarified by retinal electrophysiologi-
cal and structural studies.  
The EOG response has two components: one li-
ght-insensitive other light-sensitive. It is a wide-
ly used test which measures the light response of 
the retinal pigment epithelium, but it is not a pure 
test of RPE function since retinal photoreception 
is required in the light-sensitive component (33). 

The light-insensitive component depends on the 
integrity of the retinal pigment epithelium. This 
component, accounting for the dark through, is not 
influenced by previous retinal illumination and 
it is thus independent of the functional status of 
the retinal photoreceptors (33). The light sensitive 
component appears to be generated by a depola-
rization of the basal membrane of the RPE (34). 
Intact photoreceptor cells are, however, also nece-
ssary to generate this response (33, 35). Arden ra-
tio difference between the pseudophakic and pha-
kic subjects in this study was not significant. This 
insignificant EOG difference between the groups 
may mean that the possible functional impairment 
in the inner retina because of the increased inflam-
matory mediators may possibly not affect the ou-
ter retina (or retinal pigment epithelium) 
In conclusion, significant differences in ERG, 
PVEP and PERG responses in pseudophakics may 
possibly be related to the differences in optical 
performance of IOLs and natural human lens or 
the inflammatory response of ocular tissues after 
cataract surgery. However, further studies are ne-
cessary to clarify possible causes of the influence 
of pseudophakia on electrophysiological tests. 
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ABSTRACT

Aim To estimate incidence and to present descriptive epidemi-
ological data on pediatric cataract in Tuzla Canton, Bosnia and 
Herzegovina.

Methods Medical records of all patients hospitalized at the Eye 
Clinic of the University Clinical Center Tuzla over the 8-year pe-
riod were retrospectively examined. Prevalence, morphology and 
type of cataract, its possible etiology and existence of other asso-
ciated ocular and systemic diseases were analyzed.

Results The study included 87 eyes of 58 children. Average age 
at presentation was 11.12 (SD±9.03) years. A total of 34 (58.62%) 
patients were males and twenty-four (41.38%) females. Twenty-
nine (50%) cataracts were unilateral. Thirty-seven (63.79%) pati-
ents had isolated cataracts and 24 (29.31%) patients had other ocu-
lar anomalies associated with pediatric cataract. High refractive 
anomalies, nystagmus and microphthalmus were most commonly 
associated ocular findings. Strabismus was present in 14 (24.13%) 
cases. Posterior cortical cataract was present in 29 (32.58%) and 
nuclear cataract in 28 (31.46%) cases. Estimated incidence of con-
genital cataract was 2.62 per 10.000 births and incidence of pedia-
tric cataract was 8.6 per 10.000 births.

Conclusion Prevalence of pediatric cataract in Tuzla Canton is 
within the worldwide range. Late presentation of children with 
cataract remains the problem that needs to be addressed. Impro-
ved patient education and public awareness are needed in order to 
change the course of avoidable childhood visual impairment.  

Key words: childhood visual impairment, cataract incidence, pe-
diatric cataract epidemiology
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INTRODuCTION

Pediatric cataract is the leading preventable cause 
of childhood blindness and severe visual impair-
ment (visual acuity below 0.05) worldwide, con-
cerning 5-20% of all cases (1-5). Out of 1.4 mi-
llion blind children in the world, at least 190.000 
children are blind as a result of developed cataract 
(6). Data regarding incidence of pediatric cataract 
are vastly different. Incidence of congenital cata-
ract is reported to be between 2.03 and 6.31 per 
10 000 births (7-10). Large cohort studies repor-
ted prevalence of infantile and pediatric cataract 
between 2.2 and 13.6 per 10 000 births (11-13). 
Incidence of pediatric cataract in Bosnia and Her-
zegovina or Tuzla Canton is so far unknown. 
The purpose of this study is to estimate inciden-
ce of pediatric cataract in Tuzla Canton, Bosnia 
and Herzegovina, evaluate clinical, etiologic and 
morphologic characteristics of pediatric cataract 
and correlate them with other systemic and eye 
diseases. Estimating pediatric cataract incidence 
could have a significant impact in creating strate-
gy for its detection and early treatment.   

PATIENTS AND METhODS

Geographical region of Tuzla Canton is north-ea-
stern part of Bosnia and Herzegovina and Univer-
sity Clinical Center (UCC) Tuzla is single health 
institution equipped for cataract surgery in this re-
gion. Tuzla Canton has 499.221 inhabitants from 
wich 90.220 are children aged 0-14 years (14).
A retrospective analysis of medical records of all 
patients presented to UCC Tuzla for cataract sur-
gery in the period from 01. 01. 2003 to 31. 12. 
2010 were conducted. The study was approved 
by the University Clinical Center Ethics Commi-
ttee and provisions of the Helsinki Declaration 
were followed. After identification of patients 
with pediatric cataract, all cases were reviewed 
in order to identify presence and type of cataract, 
morphology, etiology and presence of associ-
ated ocular and systemic diseases and syndro-
mes. Indication for cataract surgery was visually 
significant central cataract larger than 3 mm in 
diameter, dense nuclear cataracts and cataracts 
obstructing the examiner’s view of fundus (2, 5). 
In all cases the presence of visual acuity was re-
corded using Snellen or picture charts. In infants 
and preliterate children visual acuity was recor-

ded subjectively with descriptive designations 
(light perception, central or steady).  For preo-
perative examination, the pupil was dilated using 
1% atropine eye drops. Children who did not 
cooperate were examined in short term general 
anesthesia under operating microscope (OPMI 
Visu 150, Carl Zeiss Meditec Inc, Dublin, CA). 
The type of cataract was determined using slit 
lamp and operating microscope. Complete opht-
halmologic examination included measurement 
of horizontal and vertical corneal diameter, intra-
ocular pressure measurement, keratometry when 
possible, fundus evaluation with direct and indi-
rect ophthalmoscope, axial length measurement 
and ultrasound B scan examination.
Chi-square test and correlation tests were used to 
correlate variables with p < 0.05 considered as 
statistically significant.

RESuLTS 

Among 15.000 patient histories 87 eyes of 58 
children operated for pediatric cataract in UCC 
Tuzla were detected. Two males and four fema-
les had binocular cataract at the presentation and 
they had only one eye operated during the resear-
ch period (Table 1). In 17 (29.31%) patients exact 
visual acuity or description of visual fixation was 
not determined. Fourteen (24.13%) patients had 
visual acuity from positive light perception and 
projection to 0.08. Twenty five (43.10%) patients 
had visual acuity better than 0.1 (Table 2).  

Number (%) of patients/eyes

Gender Patients Eyes Binocular  
Monocular

Age (±SD)
Right Left

Males 34
(58.62)

50 
(57.47)

16
(55.11)

7
(24.13)

11
(37.93)

9.556
(SD±7.8)

Females 24
(41.38)

37
(42.52)

13
(44.82)

7
(24.13)

4
(13.79)

13.24
(SD±10.2)

Total 58
(100)

87
(100)

29
(100)

14
(48.27)

15
(51.72)

11.12
(SD±9.0321)

Table 1. Age and gender characteristics of pediatric cataract

A presence and influence of intrauterine infec-
tions or heredity on cataract formation was not 
determined. Acquired cataracts were mostly 
associated with rheumatoid arthritis and systemic 
steroid use, in five out of seven (8.62%) patients. 
Seven (12.06%) patients had cataract related to 
premature birth and stay in the incubator. Three 
(5.17%) patients had Down syndrome, with two 
monocular and one binocular cataract.
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For five patients we were not able to determine ca-
taract morphology due to insufficient data in pati-
ent health record. Traumatic cataracts had different 
morphology depending on injury type and location.
Seventeen (29.31%) patients had other ocular ano-
malies associated with pediatric cataract. Most co-
mmon associated ocular anomalies were: hyper-
metropia, nystagmus and myopia in three (5.17%) 
cases each, astigmatism two (3.44%), micropht-
halmus, vitreous changes, and corneal changes in 
two (3.44%) cases each, retinal detachment and 
congenital glaucoma in one case each (1.72%). 
Fourteen (24.13%) patients had strabismus related 
to pediatric cataract, where nine (64.29%) had bi-
nocular and five (35.71%) had monocular cataract. 
Ten out of 14 (71.42%) patients who had pedia-
tric cataract and strabismus had some other ocular 
anomalies (Figure 1).

which means that estimated incidence of conge-
nital cataract in Tuzla canton for the periof 2003-
2010 was 2.62 per 10 000 births.

DISCuSSION

Pediatric cataracts produce deprivation amblyo-
pia and can cause lifelong visual impairment (2, 
5, 7). Blindness resulting from pediatric cataracs 
is an enormous problem to developing countries 
in terms of human morbidity, economic loss and 
social burden (4, 9, 11). n Aaverage age of pati-
ents with cataract in this study was 11.12 years. 
Th Aaverage age in other studies from develo-
ping countries ranged from 6.2 in Nepal (3) to 
9.56 in India (15). Authors from developed coun-
tries report the average age from one to six mon-
ths (7,9,16,17). This late presentation of cataract 
patients in this study is consequent to many fac-
tors including unavailability of cataract surgery 
in previous years during the war period, lack of 
information and socio-economic background. 
Fift- eight percent ff patients were males and 
these results are similar to the results from some 
other studies (3,9,15,17,18). These studies pre-
sented higher rates of trauma in males, up to two 
times, compared to females. Studies which inclu-
ded only human infants suggest equal risk ratio 
for male and female infants (7, 9, 11). This study 
included two cases of traumatic cataract, which 
could not significantly influencn this ratio.
Binocular cataracts were present in 50% of pati-
ents in this research. Some studies present similar 
results (13), some studies present more cases of 
bilateral cataracts (9, 18), while other authors pre-
sent higher incidence of unilateral cataracts (7, 15, 
17, 19). These differences might be a result of di-
fferent patient selection while unilateral cataracts 
were more present in studies from the developed 
countries with higher number of traumatic cata-
racts included (7, 15, 17, 19). Isolated cataracts in 
this research included 57% patients, similar to re-
sults in the United States (59%) (7) and the United 
Kingdom (55%) (9). Authors from Spain reported 
68% of isolated pediatric cataracts in their study 
(16). Isolated pediatric cataract may be more diffi-
cult for early diagnosis than those associated with 
multiple defects and syndromes (7). 
In this retrospective research, we were not able to 
establish and determine possible maternal factors 
influencing cataract formation. Existence of con-

Etiology Number (%) of 
patients/eyes

Congenital cataracts
Isolated cataracts 37  (63.79)
Associated with systemic diseases and syndromes 14 (24.14)
Acquired cataracts
Caused by steroid use (systemic use) 5 (8.62)
Traumatic 2 (3.45)
Total 58 (100)

Table 2. Relative frequency of pediatric cataracts based on 
etiology

Figure 1. Cataract morphology distribution

Thirt- three (56.89%) patients were from Tuzla 
Canton, 11 (18.95%) from Zenica-Doboj Canton, 
four (6.89%) from Brčko District, four (6.89%) 
from Republiof Srpska and one (1.72%) from 
Uko-Skia Canton. 
Latest reports estimated 500 000 citizens in Tuzla 
Canton and 38.133 births were recorded in the 
periof 2003-2010 (14). Thiry -three patients from 
Tuzla canton were operated in this period, which 
means that an estimated average rate of pediatric 
cataract was 8.6 per 10 000 births. Ten patients 
were born with congenital cataract in this period, 
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genital rubella syndrome or other infectious fac-
tors was not determined in any case. This result 
may be consequent to availability of the rubella 
vaccine ano inadequate medical documentation 
used in this research. 
Some studies show significant association between 
infantile cataracts and low birth weight and pre-
maturity (1,2,6,7,11). The risk for birth defects is 
increased in premature infants due to complicati-
ons such as anoxia or hypoxia (7). In this research 
12% of patients had cataract related to premature 
birth, low weight and stay in the incubator and 
severe defects of central nervous system, 8.6% 
patients had acquired cataract after systemic and 
local usage of corticosteroids. Other studies show 
the same percentage of steroid induced pediatric 
cataracts (17, 18). Down syndrome was present in 
five percent of all cases, which is lower than in 
other studies (9, 16, 17, 19). 
Strabismus prevalence of 24.13% in this study is 
similar to 21.5% reported by Lim et al. (17), but 
significantly lower than in other studies reporting 
higher prevalence rats,, to 46% (13). Thakur et el. 
reported incidence of strabismus only in 14.1% of 
patients in Nepal with almost 50% traumatic cata-
racts included (3). Other ocular anomalies found in 
this study of 29% of all cases similar to results of 
27% presented by Peruccho-Maritnez et al., (19) 
and 30% by Bhatti et al. (7). In this study, high 
refractive anomalies, nystagmus and microphthal-
mus were most commonly associated ocular fin-
dings, similar to previous studies (7, 13, 16, 17).
Posterior cortical catarats was most common 
morphologic type followed by nuclear cataracts, 
which is similar to the results from Canada (17). 
Studies from Spain and Denmark presented nuc-
lear cataract as most common morphologic type 
(16,18) while mixed morphology was most com-
mon in India (19). Thakur et al. (3) presented total 
white cataract as most common type with 50% of 

all cases which might be consequent to many ca-
ses of traumatic cataract involved in their study.
It is difficult to determine incidence of congenital 
and pediatric cataracts in this study while some 
of the included cases were not from the region 
of Tuzla Canton and some of the cases were pre-
sented to the Clinic at a very late age. Currently, 
in Bosnia and Herzegovina theis are no hospital 
information systemston the central government 
or cantonal level and all medical documentation 
is still in paper based database (20). Conside-
ring only cases from Tuzla Canton born during 
the study perioed congenital cataract incidence 
is estimat ofat 2.62 per 10.000 births. Results of 
this study agree with previous population based 
studies, which demonstrated the rates from 2.03 
to 6.31 per 10.000 births (7-10). Te Aaverage rate 
of pediatric cataract in Tuzla Canton was estima-
ted to be 8.6 per 10.000 births, which is also in 
accordance with previous studies reporting inci-
dence of infantile and pediatric cataract between 
2 toand 13.6 per 10.000 children (11-13).
Te Ttreatment of pediatric cataract has signifi-
cantly improved but cataract is still a leading cause 
en blindness in children in the developing countri-
es. Successful management of cataract is depen-
dent on early diagnosis and referral for surgery, 
because of the surgery timing and its relationship 
to the visual deprivation duration. Prevalence of 
pediatric cataract in this region is within the wo-
ide range. Improved patient education and public 
awareness are needed in order to change the cour-
se of avoidable childhood visual impairment.   
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Pedijatrijska katarakta na području Tuzlanskog kantona u Bosni i 
hercegovini
Meliha Halilbašić1, Jasmin Zvorničanin1, Vahid Jusufović1, Emir Čabrić2, Amir Halilbašić3, Zlatko 
Mušanović1, Anis Međedović1

1Klinika za očne bolesti, Univerzitetski klinički centar Tuzla, Tuzla; 2 Javna zdravstvena ustanova Poliklinika Doboj Jug, Matuzići; 
3Odjeljenje dječije hirurgije, Klinika za dječije bolesti, Univerzitetski klinički centar Tuzla, Tuzla; Bosna i Hercegovina

SAŽETAK 

Cilj  Utvrditi učestalost i epidemiološke karakteristike pedijatrijske katarakte na području Tuzlanskog 
kantona u Bosni i Hercegovini.

Metode  Retrospektivnom studijom obuhvaćeni su svi pacijenti s pedijatrijskom kataraktom, koji su bili 
hospitalizirani u Klinici za očne bolesti Univerzitetskog kliničkog centra Tuzla tokom osmogodišnjeg 
perioda. Analizirani su učestalost, morfologija, vrsta i etiologija katarakte, kao i prisustvo drugih oku-
larnih ili sistemskih oboljenja.

Rezultati  Studija je obuhvatila 87 očiju kod 58 djece. Prosječna dob pri prezentaciji bila je 11.12 
(SD±9.03) godina. Trideset četiri pacijenta (58.62%) bili su muškog, a 24 (41.38%) ženskog spola. 
Dvadeset devet (50%) katarakti je bilo jednostrano (unilateralno). Trideset sedam (63.79%) pacijenata 
imalo je izolovanu kataraktu, dok su kod 24 (29.31%) pacijenta, uz kataraktu, pronađene i druge oku-
larne anomalije. Visoke refraktivne anomalije, nistagmus i mikroftalmus bili su najčešće udruženi s 
kataraktom. Strabizam je imalo 14 (24.13%)  pacijenata. Stražnja kortikalna katarakta bila je prisutna 
kod 29 (32.58%), a nuklearna kod 28 (31.46%) pacijenata. Učestalost kongenitalne katarakte na po-
dručju Tuzlanskog kantona iznosi 2.62 na 10.000 poroda, dok je učestalost pedijatrijske katarakte 8.6 
na 10.000 poroda.

Zaključak  Učestalost pedijatrijske katarakte na području Tuzlanskog kantona na razini je drugih ze-
malja. Evidentan je problem kasne prezentacije djece s kataraktom, kao i potreba za rješavanjem ovog 
problema. Edukacija roditelja i podizanje javne svijesti o ovom problemu neophodni su kako bi se 
utjecalo na preventabilne uzroke slabovidnosti kod djece.

Ključne riječi: slabovidnost djece, učestalost katarakte, epidemiologija pedijatrijske katarakte 
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ABSTRACT

Aim To evaluate clinical status of patients with chronic subdu-
ral hematoma (CSDH) on hospital admission and to predict their 
outcome after the neurosurgery treatment using Karnofsky index 
scale (KI). 

Methods Clinical and surgery data of patients with CSDH were 
collected prospectively.  Fifty 50 adults aged over 41 with CSDH 
diagnosed and hospitalized between November 2010 and April 
2012 were investigated. In the analyzed sample there were more 
CSDHs in males than in females (1.5:1). The diagnosis of CSDH 
on hospital admission in patients was confirmed by non-contrast 
computed tomography (CT). Forty-three patients had undergone 
surgery with Burr-hole drainage and craniotomy, while seven pa-
tients were treated conservatively. The KI was used for evaluation 
of the patient’s clinical state before neurosurgery treatment and 
the quality of survival in all patients, six months after hospital dis-
charge. 

Results A statistically significant difference was found between 
the KI values in patients with CSDHs on hospital admission and 
KI after the surgical treatment. Six months after, out of 43 patients 
who underwent surgery in 24 (55.8%) patients KI was between 
80-100%, in nine (20.9%) patients KI was between 50-70% and in 
10 (23.2%) patients KI was 0-40%.

Conclusion Although the elderly with CSDHs are vulnerable be-
cause of their age, associated diseases and risk of recurrence of 
CSDH, their outcome assessed by KI after surgical treatment was 
good. The Glasgow Coma Scale (GCS) is used for rapid asses-
sment of the state of consciousness in patients on admission and 
monitoring of the changes in their condition. KI scale could be 
used as a complementary assessment tool for the general condition 
of patients with chronic subdural hematoma. This study highligh-
ted that the KI scale had a predictive value for patient’s outcome 
with chronic subdural hematoma.

Key words: extra-axial brain hemorrhage, clinical outcome, Kar-
nofsky Index value
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INTRODuCTION

Chronic subdural hematoma (CSDH) is a type of 
intracranial hemorrhage which usually precedes a 
mild traumatic event in adults, with special focus 
on elderly people. In symptomatic patients, the 
large CSDH is a condition which shows a great 
variety in expression (1) and requires an urgent 
surgical intervention (2). The number of neuro-
surgery procedures is rapidly increasing during 
the years (3). The choice of an appropriate and a 
less invasive technique for the treatment of CSDH 
could have influence on further patient’s recovery 
(4). In the literature, the Burr-hole drainage is the 
most common evacuation procedure of CSDH in 
adults with low percent of recurrent hemorrhage 
(5-7). Craniotomy is recommended for patients 
with organized CSDH (4, 8). Several studies have 
shown non-surgical management of CSDH, even 
a spontaneous resolution of hematoma (9-12). In-
dications for conservative treatment include small 
thickness of CSDH, absence of brain compression 
or mild headache (9). Most commonly used sca-
les for the assessment of neurological status of 
patients on hospital admission and discharge were 
Glasgow Coma Scale (GCS) consisted of three 
elements – eye movements, verbal and motor res-
ponse (13) and Glasgow Outcome Scale (GOS) 
(14). The Karnofsky index (KI) scale (15) mainly 
had the use in the oncological practice, but its re-
levance also exists in the neurosurgery in patients 
with long-term illnesses (16). Both scales (GCS 
and KI) measure different values   and should not 
exclude one another. The aim of this study was to 
investigate the age groups, gender structure, co-
morbidity and symptoms in patients with CSDHs 
and to compare the KI indicators in patients be-
fore neurosurgery treatment and six months after, 
with reference to the patient’s quality of survival. 
Furthermore, our intention was to find out whether 
older patients with CSDH had a clinical outcome 
as well as younger patients and to introduce the KI 
scale for the evaluation of their neurological and 
psychophysical condition. This was the first clini-
cal study in the region which considered patients 
with chronic subdural hematoma from diagnosis 
to treatment.

PATIENTS AND METhODS

The study included 50 adult patients, aged 
between 41 and 85 years with CSDH mostly 

above 65 years. Patients were stratified accor-
ding to the age in two groups –younger (to 65 
years) and elderly (above 65 years). All of them 
were diagnosed at the Centre of Radiology and 
hospitalized at the Neurosurgery Clinic Clinical 
Centre of Vojvodina between November 2010 
and April 2012. This study was approved by the 
Ethics Committee of the Clinical Centre of Voj-
vodina. All patients had non-contrast CT scan 
before the evacuation or conservative treatment 
of hematoma. According to the Institution proto-
col, a control non-contrast CT scan was done on 
the 3rd and the 7th day after surgery and, also, 
one month and six months after discharge using 
Somatom Emotion 16, Cardiac Sensation 64 and 
Somatom Definition Flash (Siemens, Germany). 
Patients with CSDH who treated conservatively 
had a control cranial CT scan in case of neurolo-
gical worsening. According to the Institution ne-
urosurgery protocol, patients were placed in the 
supine position, completely shaved and prepared 
for the operation. A scalp incision was planned so 
that they can be incorporated into the cranioto-
my flap, if required. After the Burr hole over the 
area of the maximal hematoma thickness, dura 
was exposed, coagulated and opened in a cruci-
ate manner. Irrigation with warm saline was per-
formed according to the surgeon’s preference as 
well as the number of Burr holes. Then, a flexible 
draining tube was placed into the subdural spa-
ce and after subcutaneous tubing it was connec-
ted with the rest of closed draining system. The 
draining tube remained in the position for 24-48 
hours. Sutures were removed seven days after 
the operation and patients were discharged from 
hospital if no complications occurred. Cranioto-
my was suggested in patients with recurrent or 
organizing hematomas. The KI was determined 
in all patients with CSDHs who came to hospi-
tal before the surgery treatment and  six mont-
hs after the hospital discharge. A comparison of 
KI values was done in two groups (patients aged 
41-64 and 65-85 years). The quantification of the 
neurological status on hospital admission was 
measured using the GCS. Additionally, a coeffi-
cient of correlation between GCS and KI before 
the surgical treatment with KI values six months 
after the treatment was calculated. The Sign and 
Mann-Whitney (nonparametric) tests for compa-
rison of KI values and Spearman R Correlation 
Coefficient were used.

Juković et al. Subdural hematoma and Karnofsky scale
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RESuLTS 

Twenty patients were in the group between 41-
64 years and thirty patients were in the group 
between 65-85 years. There were 30 (60%) ma-
les and 20 (40%) females. The mean time from 
initial symptoms to hospital admission was 356 
hours (between 24-2880 hours). Patients with left 
CSDHs had the shortest mean time from the first 
symptoms to hospital admission compared with ri-
ght or bilateral CSDH. In 36 (64%) patients there 
were data about previous falls and head trauma, 
but in 16 (32%) patients there was no informati-
on about trauma. There were 34 (68%) unilateral 
and 16 (32%) bilateral chronic subdural hemato-
mas. The most frequent sign in patients was the 
left or right hemiparesis alone or combined with 
headache, nausea, vomiting, paresis of the faci-
al nerve, seizures and loss of consciousness. The 
group of patients under 65 years dominantly had 
headache and hemiparesis, but patients above 65 
years, especially above the age of 75 had loss of 
consciousness and speech disorder with the facial 
nerve paresis. The most frequent comorbidity was 
arterial hypertension (in 22 patients), but other co-
morbidities include chronic obstructive disease, 
seizures, one patient had prostate carcinoma, two 
patients had breast carcinoma, the colon carcino-
ma was found in one patient (Table 1). Some of 
these patients had multiple comorbidities. No co-
morbidities were found in 11 patients. Generally, 
patients with CSDH and the age under 65 had 
dominantly arterial hypertension, psychosis, coa-
gulopathy or no comorbidities, but patients above 
65 years had multiple associated diseases such as 
arterial hypertension, chronic obstructive disease, 
diabetes mellitus, chronic ischemic heart disease 
or carcinoma. Seven patients were treated conser-
vatively (Table 2) because of low-grade of their 

general condition and comorbidities or because of 
a small diameter of CSDH without midline shifts. 
During the hospitalization, all patients were moni-
tored with constant evaluation of their neurological 
status. A serial control CT scan showed successive 
regression of hematoma and gradual recovery. The 
corticosteroid therapy was not given to patients. 
There were no recurrences of hemorrhage in those 
patients. Other 43 patients had undergone surgery 
with Burr-hole drainage-one or two burr holes (35 
patients) or craniotomy (8 patients). Craniotomy 
was made in those eight patients because of a great 
compressive effect of CSDH. Those eight CSDHs 
on initial cranial CT scan had mixed density with 
more than 25% of hyperdensity and most had for-
med a capsule without the possibility of drainage. 
Two patients from this group died in hospital, on 
the fourth day after craniotomy because of heart 
and respiratory failure, but five patients had good 
or very good recovery. None of the patients treated 
with Burr-hole drainage had recurrent hemorrhage 
or post -surgical complications. On control crani-
al CT scan on the 3rd day after surgery there was 
small amount of pneumocephalus in 13 patients. 
Operated patients were followed up six months af-
ter hospital discharge and their clinical status was 
measured using Karnofsky index (KI) scale. A 
statistically significant difference between KI was 
found in patients before surgical treatment and 
six months after (p<0.05) (Figure 1). KI between 

Comorbidity Number (%) of patients 
Arterial hypertension 22 (44)
Diabetes mellitus 9 (18)
Chronic obstructive disease 4 (8)
Ischemic heart disease 3 (6)
Breast carcinoma 2 (4)
Seizures 2 (4)
Psychosis 2 (4)
Coagulopathy disorder 2 (4)
Rheumatoid arthritis 2 (4)
Colon cancer 1 (2)
Prostate cancer 1 (2)
No comorbidity 11 (22)

Table 1. Associated diseases (comorbidity) in patients with 
chronic subdural hematoma

Patient Characteristics of CSDH and 
patient’s comorbidities

Age 
(years) Symptoms

1 Unilateral CSDH 17 mm; liver cirr-
hosis and coagulopathy disorder 64 Headache, nau-

sea, vomiting

2

Unilateral CSDH 11 mm without 
shifts of midline, severe brain cor-
tical atrophy; prostate carcinoma 

(antiandrogen therapy)

81 Unsteadiness
dizziness

3
No comorbidity; diameter of bilate-
ral CSDH 8 mm left, 10 mm right, 

without shifts of midline
52

Headache
Nausea,
vomiting

4

CSDH in diameter 20 mm without 
shifts of midline,  severe cortical 

brain atrophy; Terminal Alzheimer 
disease,  Seizures, previous ische-

mic brain stroke

62 Speech disorder
Hemiparesis

5
Diameter  of bilateral hematoma (4 

mm) without midline shifts
No comorbidities

41 Headache unstea-
diness

6
Diameter of CSDH 10 mm without 
shifts of midline; Seizures, Hepati-

tis B, coagulopathy disorder
58 Speech disorder, 

seizures

7

CSDH in diameter of 10 mm 
without shifts of midline

Chronic ischemic heart disease, 
Previous ischemic brain stroke

81 Dizziness

Table 2.  Characteristics of seven conservatively treated 
patients with chronic subdural hematoma (CSDh)
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80-100% rated as very good, but 50-70% good, 
0-40% bad. Of total 43 patients who underwent 
surgery in 24 (55.8%) patients KI was between 80-
100%, 9 (20.9%) patients had KI value between 
50-70% and in 10 (23.2%) patients KI was 0-40%. 
The mean preoperative KI value was 50, but the 
mean KI value six months after hospital discharge 
was 70 (Figure 2).

between GCS and KI six months after the trea-
tment was +0.54 (moderate correlation) and co-
efficient correlation between KI before and KI 
post-treatment was +0.71 (strong correlation). 
These results suggested that there was a higher 
correlation between KI scores than between GCS 
and KI score after the treatment, but both sugge-
sted positive correlation. 
The group of conservatively treated patients was 
small and out of those seven patients one patient 
had KI on admission 90%, three patients had KI 
between 50-70% and three had KI 0-40%. Six 
months after the value of KI was 80-90% in four 
patients, one patient had KI 50% and two patients 
had KI 0-40%.

DISCuSSION

Long-term epidemiological observations in differ-
ent regions in the world indicate that elderly popu-
lation is increasing significantly (17, 18). Accord-
ing to Jevtić et al. Vojvodina’s population belongs 
to very old population. In 2009 it was estimated 
that there were 16% of people above 65 years (a 
population is very old if there are more than 10% 
of people older than 65 years). Furthermore, the 
age index in 2009 in Vojvodina was 1.03, about 
three times higher than in 1953, which pointed to 
the demographic aging process (a value of age in-
dex above 0.4 suggests the process of demographic 
aging). The leading causes of death in Vojvodina 
are cardiovascular disease and tumors, followed by 
injuries and poisoning, which are the third cause of 
death (19). Arterial hypertension was the frequent 
comorbidity in observed patients with CSDHs in 
this study that was in accordance with the previ-
ously mentioned statement. Falls and injuries are 
more common in the elderly due to their functional 
decline, poor general condition, comorbidity, the 
problem of the balance, visual disturbance or de-
mentia (20-22). Generally, older people have a 
greater tendency to develop CSDH, which is the 
result of minor head trauma. The brain atrophy 
connected with aging, fragility of bridging veins, 
alcoholism, seizures and bleeding disorder are also 
predisposing factors for CSDH formation (23). 
The fact is that the diagnostic of CSDH in the el-
derly could be hard because of difficulties in differ-
entiation between neurological changes that occur 
due to the age and those that arise as a result of 
hematoma. Moreover, a psychiatric or neurological 

Figure 1. Values of Karnofsky index (KI) of surgically treated 
patients with chronic subdural hematoma (CSDh) on admis-
sion and six months after hospital discharge

Figure 2. Distribution of mean values of standard error (SE) 
and standard deviation (SD) of Karnofsky index values before 
and after neurosurgery treatment in patients with chronic sub-
dural hematoma (CSDh)

Mann-Whitney nonparametric test for two inde-
pendent variables was used to compare KI values 
in patients with CSDHs 6 months after hospital 
discharge in the group of 41-64 years and in the 
group of 65-85 years. There was no statistically 
significant difference between patients with 
CSDHs in the age group between 41-64 and 65-
85 years in the KI values 6 months after hospital 
discharge (p>0.05).  The coefficient correlation 
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SAŽETAK

Cilj  Proceniti kliničko stanje bolesnika s hroničnim subduralnim hematomom (HSDH) na prijemu 
i predvideti njihov ishod šest meseci posle neurohirurškog tretmana, koristeći Karnofskijevu indeks 
skalu (KI). 

Metode  Klinički i neurohirurški podaci pacijenata s HSDH-om su prospektivno prikupljeni. Studija 
je obuhvatila 50 pacijenata, starijih od 41 godinu, s HSDH-om, koji su hospitalizovani u periodu od 
novembra 2010. do aprila 2012. godine. U analiziranom uzorku bilo je više muškaraca s HSDH-om 
nego žena (1.5:1). Dijagnoza HSDH-a, na hospitalnom prijemu, u bolesnika je potvrđena nekontras-
tnom kompjuterizovanom tomografijom glave (CT). Četrdeset i tri pacijenta su operativno lečena, pri 
čemu je, u najvećem broju slučajeva, načinjen trepanacioni otvor i plasiran subduralni dren; kod osam 
pacijenata načinjena je osteoplastična kraniotomija, dok je sedam pacijenata konzervativno tretirano. 
Karnofskijev indeks korišćen je za procenu kliničkog stanja pacijenta pre neurohirurškog tretmana i 
procenjen je ishod lečenja pacijenata šest meseci nakon otpuštanja iz bolnice. 

Rezultati  Statistički značajna razlika nađena je između vrednosti KI-a kod bolesnika s HSDH-om na 
hospitalnom prijemu i KI-a posle hirurškog lečenja. Šest meseci kasnije, od ukupno 43 operisana paci-
jenta, kod njih 24 (55.8%) vrednost KI-a bila je između 80% i 100%, u 9 (20.9%) pacijenata KI je bio 
između 50% i 70%, te je u 10 (23.2%) pacijenata KI bio od 0 do 40%. 

Zaključak  Iako su pacijenti s HSDH-om ranjiviji zbog svoje starosti, udruženih povreda i rizika od 
recidiva HSDH-a, njihov ishod procenjen preko skale KI-a nakon hirurškog lečenja bio je dobar. Glaz-
govska skala kome (GCS) služi za brzu procenu stanja svesti kod pacijenata na prijemu, kao i za dalje 
praćenje promena u njihovom stanju. Skala KI-a mogla bi da se koristi kao komplementarni način 
procene opšteg stanja kod pacijenata s hroničnim subduralnim hematomom. Ova studija je pokazala da 
skala KI-a ima prediktivnu vrednost za klinički ishod pacijenata s hroničnim subduralnim hematomom. 

Ključne reči:  ekstraaksijalna hemoragična lezija mozga, klinički ishod, Karnofskijeva indeks skala
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ABSTRACT 

Aim To describe the experience of the Department of Nephrology 
and Dialysis, University Hospital Rijeka, Croatia, in the treatment 
of patients with acute humoral rejection (AHR) of kidney tran-
splant by using high dose of intravenous immunoglobulin (IVIG) 
alone and as a first line treatment.

Methods Eight kidney transplant recipients in whom the AHR 
appeared at different time after the transplantation were reported. 
At the time of transplantation cross-match in all patients was nega-
tive for both T and B cells. At the time of presentation, all patients 
had signs of renal allograft dysfunction and the rejection was pro-
ven by biopsy of the kidney transplant with positive C4d-staining 
and histopathological evidence of antibody-mediated injury. Early 
rejection was considered within 180 days after the transplantation 
and the late one 180 days after the transplantation. In two cases 
plasmapheresis (PAF) with albumin as replacement fluid was per-
formed. Plasma exchange was done with a 35 mL/kg/body weight 
volume exchange with albumin for six times. 

Results Acute humoral rejection was classified as early in three 
patients and in five as late one. In two patients PAF had been per-
formed as the first line treatment. After the completion of PAF, 
recuperation of severe graft dysfunction was incomplete and in 
addition IVIG (as a single dose of 2.0 g/kg) was administered to 
these patients. In six patients IVIG as a single dose of 2.0 g/kg was 
applied as the first line treatment. 

Conclusion Usage of high dose IVIG in the treatment of the acute 
humoral rejection is efficient, safe and relatively well tolerated. 

Key words: graft rejection, imunosupresion, recommendations, 
immunoglobulin
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INTRODuCTION

Advances in immunosuppressive treatment of 
renal transplant recipients significantly increased 
graft and patient survival and significantly lowe-
red the incidence of rejection crises (1-2). Howe-
ver, when acute rejection occurs, it still represents 
an important clinical problem (2). The inciden-
ce of acute antibody mediated rejection or acute 
humoral rejection (AHR) varies worldwide de-
pending on the used diagnostic criteria, recipient 
sensitization and the immunosuppressive regimen 
that is applied, ranging from 3.1% (1) to as high 
as 30% to 40% (2-5). Acute antibody mediated re-
jection is an important cause of acute and chronic 
allograft dysfunction and graft loss, it has a poorer 
prognosis than cellular rejection, and it is refrac-
tory to conventional immunosuppressive therapy 
(6). In the last decade there have been numerous 
investigations of the varied manifestations of the 
antibody mediated injuries in kidney transplant 
recipients (1-6). The diagnosis of AHR requires 
clinical and laboratory signs of renal allograft 
dysfunction, morphologic evidence of acute tissue 
injury, the appearance of donor-specific allo-anti-
bodies (DSA), and immunohistological evidence 
of an antibody-mediated process (2-6). Namely, 
C4d deposition in peritubular capillaries (PTC) 
of the kidney transplant is  a sensitive diagno-
stic marker of acute antibody mediated rejection, 
which correlates with the presence of circulating 
donor specific antibodies (5,7,8).  Nowadays, in 
the absence of data from clinical randomized tri-
als, therapeutic strategies include a combination 
of plasmapheresis (PAF) or immunoadsorption, 

tacrolimus, mycophenolate mofetil (MMF), in-
travenous immunoglobulin (IVIG), anti-CD20 
antibodies, lymphocyte-depleting antibodies or 
splenectomy (1,2,5, 7,9-11). According to these 
observations, the optimal therapeutic approach for 
the treatment of AHR still remains to be defined. 
The aim of our study was to describe the expe-
rience from the Department of Nephrology and 
Dialysis, University Hospital Rijeka, Croatia, in 
the treatment of patients with antibody mediated 
acute rejection of kidney transplant by using a 
high dose of intravenous immunoglobulin (IVIG) 
alone and as the first line treatment. 

PATIENTS AND METhODS

This study reported on eight kidney transplant re-
cipients (four males and four females) in whom 
the AHR appeared between May 2007 and March 
2011, from the Department of Nephrology and Di-
alysis, University Hospital Rijeka, Croatia. The pa-
tients were numbered from one to eight. The avera-
ge age of the patients was 39±14.3 years. All of the 
patients were treated with hemodialysis prior to the 
transplantation. The average duration of hemodial-
ysis treatment was 5.9±5 years. In four patients the 
primary renal disease that lead to the development 
of end -stage renal disease (ESRD) was glomerulo-
nephritis, in two patients it was pyelonephritis, and 
in one patient it was both endemic nephropathy and 
nephronopthisis. Six patients were subjected to ca-
daveric kidney transplantation and two patients re-
ceived kidney transplants from living donors. Two 
female patients had a history of pregnancy; three 
of them had previously received blood transfusion 

Parameter Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8
Age (years) 60 49 21 54 37 25 27 39
Gender (M/F) F M F M M F M M
ESRD TIN Endemic Nephr Iga Neph GN IgA Neph Neph TIN GN
Pregnancy 1 0 0 2 0 0 0 0
Prior blood transfusions Yes Yes No Yes No No No No
Prior renal Tx 1 1 0 1 0 1 0 0
PRA (%) 77 100 0 33 0 0 17 0
Donor CAD CAD M CAD CAD CAD CAD M
Age of donor (years) 50 30 49 50 55 21 52 55
HLA I (A,B) missmatch 1 1 1 2 1 2 3 2
HLA II (DR) missmatch 1 0 1 1 1 1 1 0
Cold ischemia time (h) 20h 16h 15 min 18h 25h 17h 16h 15 min
Induction therapy bas Bas bas bas Bas bas bas bas
Baseline immunosuppressants T/MMF/P T/MMF/P T/MMF/P T/MMF/P T/MMF/P T/MMF/P T/MMF T/MMF/P
Prior acute rejection 0 0 0 0 0 0 0 0

Table 1. Demographic and immunologic data of renal allograft recipients

bas, basiliximab; CAD, cadaveric donor; ESRD, end stage renal disease; F, female; GN, glomerulonephritis; h, hours; IgA Neph, IgA nephro-
pathy; M, male; min, minute; MMF, mycophenolate mofetil; M, mother; Neph, nephronophtysis; PRA, panel reactive antibody; P, prednison; T, 
tacrolimus; TIN, tubulointerstitial nephritis

Orlić et al. Acute antibody-mediated rejection
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and four had undergone prior renal transplantati-
on. Furthermore, panel reactive antibodies (PRA) 
were highly positive in three of them. At the time 
of transplantation, cross-match in all patients was 
negative for both T and B cells (Table 1).
The patients received induction therapy with IL-2 
receptor blockers (basiliximab) and immunosu-
ppressive therapy consisting of tacrolimus (dose 
adjusted to trough levels), mycophenolate mofe-
til (n=8; initial dose 2.0 g per day) and cortico-
steroids, e.g. metilprednison (n=7; in one patient 
metilprednison was withdrawn because of the si-
de-effects one year after the transplantation). 
Screening evaluation for viral infection, including 
cytomegalovirus (CMV) and polyoma (BK) viral 
infection was done for all patients. Ultrasound with 
Doppler and urinalysis were also performed to rule 
out obstruction and vascular thrombosis. All pati-
ents had signs of renal allograft dysfunction and 
the rejection was proven by biopsy of the kidney 
transplant (rejection defined by the Banff criteria) 
(10) with positive C4d-staining and histopathologi-
cal evidence of antibody-mediated injury. Intensity 
of C4d was marked as weak, moderate or strong. 
The signs of AHR occurred either alone (“pure” re-
jection, n=5) or in combination with signs of cellu-
lar rejection, according to the criteria of the Banff 
97 classification (“mixed” rejection, n=3) (10) (Ta-
ble 2). Also, donor specific antibodies (DSA) as a 
criterion for diagnosis of AHR (5) were presented 
in six patients. Early rejection was considered wi-
thin 180 days after the transplantation and late one 
180 days after the transplantation.

In two cases PAF with albumin as replacement 
fluid was performed. Plasma exchange was done 
with a 35 mL/kg/body weight volume exchange 
with albumin for six times. 
Statistical analysis of data was performed using 
descriptive statistics (mean and standard devi-
ation). Testing the importance of the difference 
between the two independent groups was done 
by using the t-test. P-value of <0.05 was conside-
red to be statistically significant. 

RESuLTS

In three patients, AHR was classified as an ear-
ly and in five of them as late AHR. At the time 
of AHR, all of the patients experienced worse-
ning of renal function, as shown by the median 
creatinine level of 444.25±245.98  (range from 
185 to 980 µmol/L), and this level was  higher 
than their previous lowest creatinine level of 
243.125±161.76  (range from 81 to 614 µmol/L) 
(p =0.074).  Fever was presented in one, oliguria 
and edema in three patients. None of the patients 
had graft pain and/or tenderness, pyuria, a new 
or worsening proteinuria. Patient eight suffered 
from diarrhea which had occurred seven days 
before he was admitted to hospital. Five patients 
had a decrease in hemoglobin level, mostly those 
with early rejection. Three patients required dial-
ysis within two weeks of the onset of the rejec-
tion (Table 3). When the diagnosis of AHR was 
done, specific therapy according to the pathohi-
stological and immunohistochemical findings 
was started. In two cases PAF was performed as 

Parameter Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8
C4d in PTC Moderate Weak Weak Strong Moderate Moderate Weak Moderate
Granulocytes in PTC Yes Yes Yes Yes Yes Yes Yes Yes
Granulocytes in glomeruli Yes Yes Yes Yes Yes Yes No Yes
Capillary fibrin thrombi No No No No No Yes No No
Type of acute rejection P M P P P M M P
Banff grade II I I II II II I II

Table 2. histopathological and immunohistochemical characteristics at the time of acute humoral rejection

M, mixed (humoral and cellular); P, pure; PTC, peritubular capillaries

Parameter Patient1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8
Creatinine before AHR (µmol/L) 270 614 180 260 200 81 140 200
Creatinine at the time of AHR (µmol/L) 570 980 395 473 342 185 287 322
Time elapsed since tx 18 days 4 days 4 years 15 days 16 months 3.5 years 2 years 12 years
Reduce, withdraw or non-compliance 
immunosu-ppressants before rejection No No Yes, non-com-

pliance No No No Yes, withdraw of 
prednison No

Fever No No No No No Yes No No
Urine volume < 1000ml/day Yes Yes No Yes No No No No
Need for HD within 2 weeks of rejection Yes Yes No Yes No No No No
Decrease in hemoglobin (> 10 g/L) Yes Yes No Yes No Yes No Yes

Table 3. Clinical and laboratory manifestation of renal allograft recipients

* AHR, acute humoral rejection; HD, hemodialysis; sCR,  serum creatinine; tx,  transplantation
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the  first line of treatment. After the completion 
of PAF treatment, the recuperation of severe graft 
function was incomplete and in addition, IVIG 
(as a single dose of 2.0 g/kg) was administered to 
these patients. In the following six patients with 
AHR, the first line of treatment was IVIG as a 
single dose of 2.0 g/kg. Recipients with mixed 
rejection received additional three to five boluses 
of methylprednisolone according to their weight 
(10 mg/kg). The other immunosuppressive dru-
gs (tacrolimus and MMF) were continued during 
this treatment. 
Graft function was significantly improved in se-
ven patients after the implementation of a spe-
cific therapy.  One of them (patient 3) required 
dialysis six months after experiencing AHR, due 
to non-compliance in immunosuppressive the-
rapy. In patient 8 who had pure humoral rejec-
tion, recuperation of severe graft function was 
incomplete. Because of progressive worsening of 
graft function this patient returned to dialysis two 
months later. Also, patient 1 returned to dialysis 
after experiencing urinary tract infection (cau-
sed by Enteroccocus faecalis) and methicillin-
resistant Staphylococcus aureus (MRSA) sepsis 
three months later. One month after the imple-
mentation of the specific therapy, median serum 
creatinine level in functioning grafts (n=7) was 
178.33±79 (range from 73 to 279 µmol/L). After 
a follow up of 1.5 years, median serum creatini-
ne level was 131±61.35 (range from 70 to 220 
µmol/L) (functioning grafts, n=5). Patient 6 had 
a partial response during the follow-up period, 
while patients 5 and 7 achieved the graft function 
they had before experiencing AHR. Two years 
after the episode of AHR one patient (patient 2) 
died due to bladder cancer (Table 4). 
High doses of intravenous immunoglobulin 
were very well tolerated by the patients. Three 
patients received antibiotic treatment for urinary 
tract infection (one of these patients also received 
antibiotic for MRSA sepsis). Patient 8 received 
antibiotic for enterocolitis caused by Blastocystis 

hominis. Screening evaluation for viral infection, 
e.g. CMV and BK pointed to a subclinical cyto-
megalovirus infection in two patients, which was 
reversed by using oral valgancyclovir therapy. 
Furthermore, PAF was also well tolerated and the 
side effects were uncommon. 

DISCuSSION

Antibody mediated rejection is an important cau-
se of acute and chronic allograft dysfunction and 
graft loss (7,12). Nowadays, due to current im-
munosuppressant (mainly calcineurin inhibitors) 
most patients are asymptomatic and present only 
with increased serum creatinine values, so it is 
often difficult to diagnose AHR. Furthermore, 
typical symptoms such as fever, malaise, oligu-
ria, graft pain or graft tenderness are frequently 
absent (13,14). According to these observations, 
prior to performing a biopsy, other common ca-
uses of acute kidney failure should be excluded. 
All of our patients presented with an increased 
serum creatinine level and one patient had fever. 
In three cases urine volume was lower than 1000 
ml/day, mostly in patients who developed early 
AHR. It is important to keep in mind that some 
other diseases, such as CMV disease, polyoma 
(BK) viral infection, interstitial nephritis and 
pyelonephritis may have similar clinical, labora-
tory and histological findings to acute rejection 
or may mimic allograft rejection (12-14). Also, 
it is important to exclude calcineurin inhibitors 
(CNI) toxicity, by measuring the patients’ plasma 
concentrations and making sure that the patients 
do not take any drugs that promote cytochrome 
P450 metabolism (15,16).  
On the basis of current recommendations, mor-
phological (granulocyte accumulation in PTC), 
immunohistological (C4d in PTC) and serological 
(specific antidonor antibodies) evidence for the 
diagnosis of AHR was used in this study. Someti-
mes it is difficult to distinguish between AHR and 
acute cellular rejection and these two conditions 
may also coexist (5, 17-20). In our study three pa-

Parameter Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8

Therapy PAF (6x) then 
IVIG 2.0 g/kg

PAF (6x) then 
IVIG 2.0 g/kg

IVIG 2.0 
g/kg

IVIG 2.0 
g/kg

IVIG 2.0 
g/kg

IVIG 2.0 
g/kg

IVIG 2.0 
g/kg

IVIG 2.0 
g/kg

Number of IVIG session 1 1 1 1 1 1 1 1
sCR (µmol/L) one mounth after IVIG 250 73 279 121 201 146 150 462
sCR (µmol/L) 1.5 years after AHR HD 70 HD 76 220 148 141 HD
Death (Yes/No) No Yes No No No No No No

Table 4. Therapy and outcomes of renal allograft recipients

* AHR, acute humoral rejection; HD, hemodialysis; IVIG, intravenous immunoglobulin; PAF, plasmapheresis; sCR, serum creatinine
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tients had signs of acute cellular and acute humo-
ral rejection of the kidney transplant. 
In two cases from this study DSA was negative 
but there was C4d positivity with sings of allo-
graft dysfunction and pathohistological findings 
typical for AHR. According to literature, these 
findings could be explained by the presence of 
non anti-HLA antibodies or by the fact that in 
some cases donor specific antibodies may be 
completely adsorbed onto the allograft (14). 
Acute rejection usually occurs within first six 
months after the transplantation. When it occurs 
after six months, it is usually related to the re-
duction or withdrawals of immunosuppressants 
or due to non-compliance (21). In our study five 
cases of AHR occurred after six months, in one 
patient due to non-compliance and in other cases 
probably due to withdrawal of corticosteroids be-
cause of their side-effects. According to previous 
studies, patients with history of pregnancy, pre-
vious blood transfusions and transplantations are 
more likely to develop AHR (9). In our analysis 
two patients had a history of pregnancy, previous 
blood transfusion and prior renal transplantation. 
One of the patients had only previous blood tran-
sfusion and one patient had prior renal transplan-
tation, but at the time of transplantation, cross-
matches were negative for both T and B cells in 
all patients. In one patient, who had presented 
with enterocolitis (caused by Blastocystis homi-
nis), it is possible that AHR occurred as a result 
of disturbed absorption of immunosuppressive 
drugs due to diarrhea. 
International guidelines do not define evidence 
based treatment for AHR, so nowadays there 
are no clear recommendations which therapeutic 
approach should be used in patients experiencing 
acute humoral rejection (5). According to this, 
eight renal allograft recipients who developed 
AHR were reported in this study. Some of the 
reported patients developed AHR in an early pe-
riod and some of them in a late period after the 
transplantation.  
However, it is now believed that IVIG has immu-
nomodulatory activity and it contains anti-idioty-
pic antibodies that inhibit HLA-specific alloanti-
bodies (22-24). It is used in one of the two doses: 
high (2.0 g/kg) or low (100 mg/kg per session) 
(5, 22- 24). In the present study we performed a 
high dose of IVIG alone and as the first line tre-

atment. The study by Casadei et al (25) has been 
shown that IVIG was able to rescue 82% of renal 
allografts with steroid-resistant rejection. Similar 
observations were noticed in the study performed 
by Luke et al (26). Our results are similar to their 
findings.
According to some authors, plasmapheresis is 
effective in the treatment of AHR (7). In two of 
our patients PAF was performed as the first line 
treatment and it failed to succeed. Even though it 
is a small number of patients we did not perform 
it in later cases. 
Although three patients developed urinary tract 
infection (one of these patients also had MRSA 
sepsis), one enterocolitis, and in two patients su-
bclinical cytomegalovirus infection was obser-
ved during the first three months after IVIG, we 
believe that these infections occurred as a result 
of long-term immunosuppression and were not in 
a direct relationship to the applied IVIG therapy.
This study stresses a necessity of regular monito-
ring of the patients with renal allograft due to the 
fact that most patients who experience acute re-
jection are asymptomatic. In our Department we 
do not perform surveillance biopsies among renal 
transplant recipients with well-functioning allo-
graft. We monitor rejection signs by determining 
serum creatinine, urinalysis, proteinuria, ultraso-
und and patient-reported vital signs, according to 
the scheme of our Institution which is in accor-
dance with other transplantation centers. 
Our experience suggests that acute humoral re-
jection can be treated efficiently by using a high 
dose of IVIG alone and as the first line of trea-
tment, as long as it is diagnosed on time and tre-
ated adequately. This treatment is safe to use and 
relatively well tolerated. Also, we wish to point 
out that early diagnosed late AHR can also be 
treated successfully. Although other studies, in-
cluding this one, have shown beneficial effects 
of high IVIG doses alone on improving clinical 
outcomes in patients with AHR, there is a need 
for stronger evidence from larger randomized 
controlled trials.
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Akutno humoralno odbacivanje bubrežnog transplantata – 
iskustvo jednog centra u hrvatskoj
Lidija Orlić, Branka Sladoje-Martinović, Ivana Mikolašević, Martina Pavletić Peršić, Ivan Bubić, Ita 
Jelić, Sanjin Rački
Zavod za nefrologiju i dijalizu, Klinika za internu medicinu, Klinički bolnički centar u Rijeci, Rijeka, Hrvatska

SAŽETAK  

Cilj  Prikazati iskustvo Zavoda za nefrologiju i dijalizu KBC-a u Rijeci, u Hrvatskoj, u liječenju bo-
lesnika s akutnim humoralnim odbacivanjem bubrežnog transplantata s visokim dozama intravenskog 
imunoglobulina kao prve linije terapije.

Metode  U radu je analizirano osam bolesnika, primatelja bubrežnog transplantata, koji su razvili akut-
no humoralno odbacivanje u različitim razdobljima nakon transplantacije. U vrijeme transplantacije 
križna proba je bila negativna u svih bolesnika. Svi bolesnici imali su znakove disfunkcije bubrežnog 
transplantata za vrijeme krize odbacivanja. Kriza odbacivanja dokazana je biopsijom s patohistološkim 
i imunohistokemijskim (C4D pozitivitet) dokazom akutnog humoralnog odbacivanja. Rano odbaciva-
nje smo definirali ako se kriza odbacivanja javila unutar 180 dana od dana transplantacije, a kasno od-
bacivanje ako se kriza odbacivanja pojavila nakon 180 dana. U dva bolesnika, kao prvu liniju terapije, 
radili smo terapiju plazmaferezom. Supstitucija plazme vršena je albuminima, količina izmjenjene plaz-
me bila je po jednom tretmanu 35 ml/kg/TT, te je rađeno ukupno po šest izmjena za svakog bolesnika.  

Rezultati  Tri bolesnika imali su rano, dok je pet bolesnika imalo kasno humoralno odbacivanje bubrež-
nog transplantata. U dvoje bolesnika s ranim odbacivanjem koristili smo plazmaferezu kao prvu liniju 
liječenja. Po završetku terapije plazmaferezom oporavak funkcije transplantata  bio je nepotpun, te je 
kod njih primijenjena i terapija intravenskim imunoglobulinom (jedna doza od 2,0 g/kg). U preostalih 
šest bolesnika primjenjen je intravenski imunoglobulin u jednoj dozi od 2,0 g/kg kao jedina linija lije-
čenja.

Zaključak  Akutno humoralno odbacivanje bubrežnog transplantata može se s uspjehom liječiti samo 
s visokim dozama intravenskog imunoglobulina. Navedena je terapija sigurna u svojoj primjeni i bole-
snici je relativno dobro podnose. 

Ključne riječi: odbacivanje bubrežnog presatka, imunosupresivna terapija, preporuke, imunoglobulin
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ABSTRACT 

Aim To determine an influence of dependent predictors (clinical 
presentation, stage, pH type) on survival of patients suffering from 
renal carcinoma.

Methods The research included 158 patients who had been treated 
for carcinoma of renal parenchyma in the period between 1 Janu-
ary 1998 and 31 December 2011. A disease stage was determined 
according to the guidelines of the American Joint Committee on 
Cancer (AJCC). Prognostic factors were tested by the Cox regre-
ssion analysis, and dependent prognostic factors were determined 
based on significance.

Results Patient survival was significantly different in relation to 
the clinical presentation of the disease (p<0.0001). Length of pati-
ent survival significantly differs with regard to the clinical stage of 
the disease (p<0.0001). The length of patient survival significantly 
differs depending on a pathohistological type of cancer (p=0.0027) 
and after five years it was much longer for patients with the con-
ventional cancer type as compared with the chromophobe type, 
80.3% vs. 61.5%, respectively. The total survival rate of patients 
with  renal parenchymal cancer is 81.2% after one year, 77.6% 
after 5 years and 70.4% after 10 years. 

Conclusion The manner of detection, clinical stage and pathohi-
stological type of the disease did not meet requirements for inde-
pendent predictors. Success of the therapeutic treatment depends 
on the manner of the renal cell carcinoma presentation, pathohisto-
logical type and tumor stage. 

Key words: renal cell carcinoma, survival, nomogram
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INTRODuCTION

Renal parenchymal cancer makes 2-3% of all 
malignant tumors in adults. Ninety percent of 
renal malignant tumors occur as renal cell car-
cinoma (RCC), which is most prevalent in the 
population aged 60 to 70 but it may occur in any 
other age (1). 

For its prevalence RCC is ranked the fourteen-
th among malignant tumors worldwide, with 
approximately 200,000 new cases diagnosed 
according to the data from 2002 (2). The highest 
incidence is noted in Europe, North America and 
Australia, while it is the lowest in India, Japan, 
Africa and China. According to a study by Far-
ley et al from 2008, RCC is ranked as the ninth 
according to its prevalence with 66,000 newly 
diagnosed cases a year and 39.000 death cases 
annually. The highest incidence has been found 
in the Chech Republic, Estonia, Lithuania and 
Island, and the lowest in Romania, Portugal and 
Switzerland (2,3).
The tumor most frequently occurs in males 
(male/female ratio is 3:2), while in children 
it occurs equally in both genders. It has been 
noted that the incidence of tumors diagnosed 
incidentally is higher in elderly persons and 
among women (6-8). Every year approximately 
102,000 patients die, and the highest mortality 
rate has been noted in North America, Australia 
and Europe, while the lowest rate has been fo-
und in Asia and Africa (9).
There were no available data on epidemiology of 
kidney cancer in our country or region. In this 
paper we aimed to assess the epidemiology and 
the burden of the kidney cancer in our setting, 
so further decisions on the drug policy used for 
treatment of this disease could be made based on 
objective parameters.

PATIENTS AND METhODS

This retrospective study included 202 patients, 
who had been treated for renal parenchymal 
cancer in the period between 01.01.1998. and 
31.12.2011. The study included patients with 
renal parenchymal cancer confirmed by patho-
histological diagnosis, who had been reporting 
regularly for control examinations. The study 
excluded patients who had died of a disease un-
related to cancer, patients who had been treated 

with immunotherapy or chemotherapy, and pati-
ents without adequate documentation. A total of 
44 patients were excluded from the study, there-
fore, 158 patients were analyzed.
This research was approved by the Acting Direc-
tor of the Zenica Cantonal Hospital.
The following laboratory parameters found in 
medical records were analyzed: values of hemo-
globin and sedimentation rate, general condition 
of patients at admission and pathohistological 
findings. The control examination included gene-
ral condition of the patients, control chest x-ray, 
ultrasound examination of abdomen and retrope-
ritoneum and CT scan in order to find or exclude 
the existence of the disease.
The disease stage was determined based on the 
guidelines of the American Joint Committee on 
Cancer (AJCC) (10). AJCC (TNM) staging sy-
stem is a standardized way used to describe the 
staging of the cancer, and describes three impor-
tant pieces of information: T indicates the size 
of primary tumor and whether it has grown into 
nearby areas, N describes the extent of spread to 
regional lymph nodes. M indicates whether the 
cancer has spread (metastasized) to other organs 
of the body. Numbers or letters appear after T, N, 
and M to provide more details about each of these 
factors. The numbers 0 through 4 indicate increa-
sing severity. The letter X means “cannot be asse-
ssed because the information is not available”. All 
the patients had undergone a standard chest x-ray 
in PA projection in order to discover potential me-
tastases, while other tests had been performed for 
standard pre-operative preparations. 
All the patients included in the research were di-
vided according to the cancer type and nuclear 
grade. The most common form of renal cell car-
cinoma is clear cell renal carcinoma. About 70 
% of people with renal cell carcinoma have this 
kind of cancer. When seen under a microscope, 
the cells that make clear cell RCC look very pale 
or clear. Papillary renal cell carcinoma is the se-
cond most common subtype - about 10% of cases 
have this type of cancer. These cancers form little 
finger-like projections (called papillae) in some, 
if not most of the tumor. These cancers are some-
times named chromophilic because the cells take 
in certain dyes and look pink under the microsco-
pe. Chromophobe renal cell carcinoma subtype 
accounts for about 5% of RCCs. The cells of the-
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se cancers are also pale, like the clear cells, but 
are much larger and have certain other features 
that can be recognized.
The recommended histologic grading scheme for 
RCC is the Fuhrman system (1982), which is an 
assessment based on the microscopic morpholo-
gy of a neoplasm with haematoxylin and eosin. 
The system categorizes renal cell carcinoma with 
grades 1,2,3,4 based on nuclear characteristics: 
size and irregularity of appearance. 
One of the commonly used performance status 
scales is developed by  Eastern Cooperative On-
cology Group (ECOG). It runs from zero to five, 
with zero denoting perfect health and five dea-
th. Its main advantage over the other scales lies 
in its simpicity. All pathohistological tests were 
performed using standard methods applied in 
pathohistology, i.e. conventional processing with 
immunohistochemical methods and  detection of 
tumor markers in a sample of a removed kidney. 
The total number of patients included in the study 
was 158 with the average age 57.5±11.1, of whom 
90 (56.9 %) were males and 69 (43.1 %) were fe-
males. In 80 (50.6%) cases the tumor was found 
on the right side, and in 78 (49.4 %) cases on the 
left side. Laparotomy was selected as a surgical 
procedure in 90 (56.9 %), while lumbotomy was 
selected for 68 (43.0 %) patients. Incidental symp-
tomatology was found in 80 (50.6%), local symp-
toms were displayed by the disease in 65 (41.1%) 
patients, while in the remaining 13 (8.3%) patients 
the disease caused systemic symptoms. 
During the monitoring of results of the disease T 
stage, most patients were detected in T1 stage, 99 
(62.7%), T2 stage was found in 45 (28.5%), T3 in 
11 (6.9%) and T4 in 3 (1.9%) patients. 
Enlarged lymph nodes were not found in 149 
(94.3%) patients (N0), while nine (5.7%) were 
diagnosed with enlarged lymph nodes (N1). Me-
tastatic disease was found in five (3.2%) patients 
(M1), while in 153 (96.8%) no metastases were 
detected (M0). 
Of 158 patients included in the research, clinical 
stage I was established in 96 (60.7%) patients, cli-
nical stage II in 38 (24.1%), clinical stage III in 16 
(10.1%) patients and eight (5.1%) patients had the 
clinical stage IV. Pathohistological analysis of sam-
ples after nephrectomy showed clear cell carcinoma 
as the most common type, in 137 (86.7%) patients.

During the data processing descriptive and compa-
rative statistics were used. General and demograp-
hic data were shown, including the distribution of 
patients according to the AJCC TNM staging sy-
stem and AJCC classification, nuclear grade and 
ECOG. A possible survival rate of the patients 
was determined according to the disease stage 
and general condition. Prognostic factors were te-
sted by Cox regression analysis, and independent 
predictors were identified based on significance. 
Multivariate Cox regression factors were used to 
create prognostic nomograms. Internal validation 
was done on 200 bootstrap resampling. Predictive 
accuracy is determined with ROC curve, which 
is obtained from the area under the curve (AUC). 
Statistical significance is tested at the level p<0.05. 
Based on analyzed data a nomogram was created 
for the prediction of outcome, and comparison with 
the model of logistic regression was performed. 

RESuLTS 

In terms of clinical presentation of the disease 
(p=0.011) survival rate of the patients differed si-
gnificantly. In patients whose disease was detec-
ted incidentally, the survival rate at 93.8% after 
5 years was found.  The lowest 5-year survival 
rate was found, as expected, in patients with the 
disease spread systematically (72.2 %) (Table 1). 

No  (%) of patients survived
1-year 5-year 10-year

Incidentally 79 (98.7 ) 75 (93.8) 67 (83.9)
Locally 62 (95.4) 56(85.6) 51 (78.5)
Systemic 12 (91.7) 9 (72.2) 6 (48.1)

Table 1. Length of one-, five- and ten-year patient survival in 
relation to the manner of detection

The length of patient survival was significantly 
different in relation to the clinical stage of the 
disease (log rank p< 0.0001). In the group of pa-
tients with the stage I disease survival rate was 
97.5% after five years, in the group with the stage 
II disease one-year survival was 100%, five-year 
90.9% and ten-year survival was 78.5%. The gro-
up of patients with the stage III disease had one-
year, five-year and ten-year survival of 87.5%, 
73.1% and 54.8%, respectively, whereas the 
lowest survival rate was noted in patients with 
the stage IV disease and it was 87.5% after one 
year, 30.0% after 2 years and 0% after 6.1 years. 
The length of patient survival did not significantly 
differ in relation to the pathohistological type of 
carcinoma (p=0.154) The group of patients with 
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the confirmed clear cell type of cancer had the 
survival rate of 97.1% after the first year, 87.7% 
after the fifth year and 77.5% after the tenth year. 
In the group of patients with the chromophobe 
type of cancer one-year survival was 100.0%, fi-
ve-year and ten-year survival was 66.7%.  
The total length of survival established for pati-
ents with renal parenchymal cancer was 97.5% 
after one year, 89.5% after five 5 years and 80.6% 
after 10 years.
Multivariate analysis established that the way of 
detection, clinical stage of the disease and patho-
histological type of the disease did not meet the 
requirements for independent predictors. 
Accuracy for favorable real outcome was higher 
(Table 2) then for the unfavorable predicted out-
come (97.8% vs. 50%), and the overall prediction 
accuracy was 91.8%, which represents a good re-
sult for a practicing clinician to rely on.
On the basis of obtained predictors from multivaria-
te analysis, two types of algorithms of visual predic-
tion have been tested - Naive Beyes (NV) algorithm 
and logistic regression (LR) algorithm. Sensitivity 
in the NV model was 96.4%, specificity 45%, and 
the area under the curve (AUC) 0.861, with diagno-
stic accuracy of 89.9%. Sensitivity in the LR mo-
del was the same as in the previous model, 96.4%, 
whereas the specificity was slightly lower, 35%, 
and expectedly lower AUC which was 0.8411, with 
diagnostic accuracy of 88.6% (Table 3).

in 90 patients, while 68 patients underwent lum-
botomy, because laparascopy is not developed 
due to very limited resources.
In 50.6% patients from this study the disease was 
found incidentally, in 41.1% patients the disease 
caused local symptoms, whereas in 8.3% patients 
the disease caused systemic symptoms. Clinical 
presentation of the disease is often mentioned 
as one of the predictors in the prediction models 
(13-17). In most studies a high percentage of the 
incidentally detected disease was found, particu-
larly as a result of the ultrasound diagnostics, i.e. 
CT and MRI detection in patients with diseases 
of abdomen and thorax (14,16).
In our research most patients had the disease 
localized on a kidney (T1 and T2, 63 and 29%, 
respectively), comparing to the study by Santana-
Rios et al., with only 28% patients in the stage T1 
(17). The above mentioned study had discovered 
more patients in late stages of disease (50% in 
T3 and T4). The reason for this may be in the 
assumption that the disease was diagnosed in pa-
tients much earlier as a result of availability and 
popularity of the ultrasound diagnostics.
In 6% of the patients from this study lymph nodes 
enlargement was diagnosed (N1), and metastatic 
disease was found in 3.2% patients (M1), which 
is lower than in the study by Gudmundsson et al. 
in which spreading to lymph nodes and/or dis-
tant metastases were described in 15% of patients 
(18). Although the spread to lymph nodes in the 
significantly low percentage may be explained 
by earlier detection of the disease, it can also be 
concluded that the disease in our region is less 
aggressive, which can neither be claimed nor de-
nied without a much more sophisticated research.
Of 158 examined patients, 60.7% were with the 
clinical stage I, 24.1% with the clinical stage II, 
10.1% patients had the clinical stage III and 5.1% 
patients had the clinical stage IV. Similar results are 
shown by Santana et al., although the percentage 
of patients in the stage III was slightly higher (17).
As in most studies the clear cell type was predo-
minant in this study too, although our research 
found a slightly lower percentage of patients with 
the papillary and chromophobe type of the dise-
ase (19). The aforementioned fact may be under-
stood in light of the difference in the geographic 
distribution of cancer.

Predicted outcome Accuracy
Favorable Unfavorable

Real outcome
Favorable 135 3 97.8%

Unfavorable 10 10 50.0%
Percentage of pre-
diction accuracy 91.8%

Table 2. Results of logistic regression for the prediction of 
outcome

Method Diagnostic 
accuracy Sensitivity Specificity AUC

Naıve Beyes 0.8988 0.9640 0.4500 0.8610
Logistic regression 0.8861 0.9640 0.3500 0.8411

Table 3. Comparative results of two types of nomograms

DISCuSSION

The average age of patients included in study was 
57.5±11.1 years, which is lower than in a study 
by Merkhail et al., 54±10.7 years (9). While most 
recent studies have described laparoscopy as the 
surgical procedure, particularly in patients with 
T1 and T2 stages of the disease (12), in our settin-
gs laparotomy was the surgical procedure applied 
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Analyzing the relationship between the clinical pre-
sentation of the disease and the length of patient sur-
vival, we have come to the conclusion that the len-
gth of patient survival significantly differs in relation 
to the clinical presentation, e.g. the highest survival 
rates were found in patients whose disease was dis-
covered accidentally and the ones that had no syste-
mic symptoms. Similar results were obtained by Pa-
tard et al., who stated that there was an extraordinary 
correlation of the clinical presentation with survival 
(20). The aforementioned study, which included 5 
centers and over 2,400 patients, has proven that the 
clinical presentation both in univariate and multiva-
riate models is an exceptionally potent predictor of 
outcome in the long-term follow-up (20).
Only two studies stated the anesthesiological 
scoring system (ASA) as a predictor, i.e. an in-
dicator of comorbidity, however, only one study 
managed to prove it (21,22).
When determining the survival rate and clinical 
stage of the disease, we concluded that the length 
of patient survival was significantly different in re-
lation to the clinical stage of the disease. The lowest 
survival rate was noted in patients with the stage IV 
disease, as expected. Clinical stage of the disease 
has been one of the most common predictors used 
in the clinical practice for many years. Numerous 
studies have proved this claim. Two most promi-
nent studies, which included over 20,000 patients 
from over 14 European countries, have proven an 
exceptionally significant correlation between the 
clinical stage of the disease and the length of sur-
vival (23,24). In such a research sample, which is 
very small in relation to the aforementioned studi-
es, it has been proven with great probability that the 
clinical stage of the disease is a potent predictor in 
the univariate model. As for the patients with the 
localized disease (stages 1 and 2) it cannot be cla-
imed with certainty that the cause of death during 
the follow-up period was cancer or something else, 
although the obtained results in our research are 
fully comparative with the aforementioned studies. 
We have also found that the length of patient sur-
vival is not significantly different in relation to 
the pathohistological type of cancer. All the pati-
ents with the papillary type survived for 10 years. 
Empirically, papillary type of cancer is the most 
favorable option for the patient. Recent studies 
have proven that such a claim is not correct. Only 
after the stratification of papillary cancer was it 
noted that the patients with a lower stage and 
nuclear grade had significantly longer survival 

as compared to the patients with clear cell type, 
while the patients with a higher nuclear grade had 
shorter survival in relation to the equivalent gro-
up of patients with clear cell cancer (25,26).
Similar results can be found in most recent stu-
dies, although there are slight differences, which 
are not significant.
The multivariate analysis has shown that the ma-
nner of detection, clinical stage of the disease and 
pathohistological type of the disease do not meet 
requirements for independent predictors. 
It is interesting to note that different authors from 
different regions mention different predictors. Even 
external validations sometimes fail to confirm di-
agnostic accuracy of the model, which does not 
necessarily need to be correct. A recent study by 
Gonter et al., has recommended two most common 
prediction models - Katana nomogram and Kara-
kiewicz nomogram (27). Klate et al. recommend 
the development of one’s own model, which is also 
supported by the fact that in two cited models dif-
ferent predictors were used (28). The fact that some 
expected predictors should be in the model can be 
explained with a relatively small sample, as most 
nomograms were created and tested on a much bi-
gger sample. After multivariate analysis, the exact 
prediction of treatment outcome was determined 
for 91.8% of patients. In patients who survived 10 
years from the time of surgery, the prediction accu-
racy was 97.8%, and in patients who did not, the 
prediction was accurate in 50%. Studies showing 
prognostic models are contradictory – some emp-
hasize the manner of detection (29-31), others refer 
to general condition of patients (32), while there is 
an increasing number of nomograms which inclu-
de the tumor size, pathohistological type, nuclear 
grade and clinical stage (29, 33, 34).
Two types of algorithms of visual prediction have 
been tested - Naive Beyes (NV) algorithm and 
logistic regression (LR) algorithm. The develo-
pment and application of nomogram is the most 
modern and potent prognostic model for the pre-
diction of the RCC specific mortality in the period 
1 to 10 years after nephrectomy (35). Diagnostic 
accuracy of both models is very good, however, 
an external validation of the models on a larger 
sample is needed for an objective assessment to 
achieve corrected diagnostic accuracy (30).
The length of patient survival is significantly dif-
ferent in relation to the clinical presentation of the 
disease. The length of patient survival significantly 
differs in relation to the pathohistological type of 
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cancer. The multivariate analysis established that the 
manner of detection, clinical stage and pathohistolo-
gical type of the disease do not meet requirements for 
the independent predictors. Both nomograms, Naive-
Bayes and logistic regression, show good diagnostic 
accuracy, however, due to better specificity the first 
one is recommended. The manner of RCC detecti-
on, pathohistological type and tumor stage affect the 
success of the therapeutic treatment. The renal cell 
carcinoma is very often discovered accidentally due 

to availability and popularity of ultrasound diagno-
stics. However, the majority of carcinoma cases 
appear to be low in progression, resulting in very 
high survival rates. 
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SAŽETAK
Cilj  Odrediti utjecaj ovisnih prediktora (klinička prezentacija, klinički stadij, pH tip) na preživljavanje 
kod oboljelih od karcinoma bubrega.
Metode  Istraživanjem je obuhvaćeno 158 bolesnika koji su liječeni zbog karcinoma bubrežnog paren-
hima, u periodu od 01. januara 1998. do 31. decembra 2011. godine. Stadij bolesti određen je na osnovu 
smjernica Američkog komiteta za karcinom (AJCC). Prognostički faktori su testirani Coxovom regresi-
onom analizom, te su na osnovu značajnosti određeni ovisni prediktori.
Rezultati  Preživljavanje bolesnika značajno se razlikuje u odnosu na kliničku prezentaciju bolesti 
(p<0.0001). Dužina preživljavanja bolesnika se značajno razlikuje u odnosu na klinički stadij bolesti 
(p<0.0001). Dužina preživljavanja bolesnika se značajno razlikovala u odnosu na patohistološki tip kar-
cinoma (p=0.0027) i značajno je bila duža za bolesnike s konvencionalnim tipom karcinoma u odno-
su na hromofobni (80,3% vs. 61,5% nakon 5 godina). Ukupno preživljavanje bolesnika s karcinomom 
bubrežnog parenhima je 81,2% nakon jedne godine, 77,6% nakon 5 godina i 70,4% nakon 10 godina.
Zaključak  Način detekcije, klinički stadij i patohistološki tip bolesti, ne ispunjavaju uvjete za neovisne 
prediktore. Način prezentacije karcinoma bubrežnog parenhima, patohistološki tip i stadij tumora, utječu 
na uspješnost terapijskog tretmana.
Ključne riječi: karcinom bubrega, preživljavanje, nomogram.
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ABSTRACT

Aim To investigate a possible association between radioactive 
and toxic elements contamination, mainly depleted uranium (DU) 
from the Chernobyl accident, Croatian War of Independence and 
Bosnian War and the increasing incidence of testicular germ cell 
cancers (TGCC) in the population of Eastern Croatia. 

Methods From 1969 to 2012, 258 testicular cancer (TC) patients 
were treated at the Department of Urology, University Hospital 
Centre Osijek. Incomplete data were found in 32 patients who 
were excluded from the analysis and 10 patients had non-TGCC 
TC. Seminoma and non-seminoma groups were included out of 
216 TGCC patients. The patients were assigned to one of the time 
periods: 1969-1995 (distant prewar and war period) and 1996-
2012 (postwar period). 

Results In the postwar period 3.5 times higher incidence rate for 
non-seminomas (4.5 patients yearly vs. 1.3), seminomas (4.2 vs. 
1.2) and TGCC overall (8.7 vs. 2.5) was found compared to the 
prewar period, with non-seminoma presenting in more advanced 
stage III (35.5% vs. 13.9%, p=0.013). 

Conclusion Usage of depleted uranium in armed conflicts could 
lead to the development of TGCC after unknown time of latency. 
Exposure assessment is mandatory to determine a possible causa-
tive correlation between the depleted uranium exposure and testi-
cular germ cell cancer.

Key words: testicular neoplasms, nuclear warfare, uranium, Cher-
nobyl nuclear accident, Croatia
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INTRODuCTION

Testicular cancers (TC) are in 90-95% testicular 
germ cell cancers (TGCC) (1), which can histo-
logically be divided into seminomas and non-se-
minomas, both having their distinctive clinical 
course and prognosis. The incidence of TGCC is 
increasing worldwide and varies considerably in 
different geographical regions, between different 
ethnic groups, even within a relatively homogene-
ous population such as Europe. The incidence is 
among the highest in some Scandinavian countri-
es, Switzerland, Germany and New Zealand, inter-
mediate in the United States and Great Britain and 
lowest in Africa and Asia (2-5). Denmark has the 
highest incidence rate (9.9/100 000) in contrast to 
Sweden (5.0/100 000) and Finland (2.7/100 000). 
Asian and black populations have much lower 
incidence rates, while the rate in New Zealand is 
relatively high (7.1/100 000) (4). The etiology of 
TGCC is still unknown and it is difficult to explain 
why the incidence rates vary so much. Studies have 
shown that during embryogenesis of affected indi-
viduals TGCC develops as a precursor lesion that 
is affected by many prenatal and postnatal factors 
that are essential for the progression of the disease 
(6). Generally accepted etiological factors that can 
lead to the development of TGCC are cryptorchi-
dism, age, contralateral TGCC, gonadal dysgene-
sis and genetic abnormalities (7). It is unlikely that 
the errors in the classification of other tumors are 
responsible for changes in the rate of incidence for 
TGCC because they are histologically well-cha-
racterized (8). Studies report that recent increases 
in the incidence of TC could be attributed to birth-
cohort effects, which implies that diet, endocrine 
disrupters and other environmental factors may 
play a major role in TC carcinogenesis (9-11).
Patients with TC from Eastern Croatia gravitate to 
the Department of Urology in Osijek and there is 
an increase in TGCC incidence, with stage-shif-
ting towards advanced stages in the last 40 years. 
Events which severely affected the vast majority 
of our population, meaning Chernobyl accident in 
1986, Croatian War of Independence (1991-1995) 
and Bosnian War (1992-1995) could be the possi-
ble explanation for the observed trend. Chernobyl’s 
radioactive cloud contaminated the soil in every 
country in the Northern Hemisphere (12). Scientific 
and epidemiological research on the effects of the 
Chernobyl accident (13,14) and Gulf War (15,16) 

has shown a rising incidence of various malignant 
diseases, including TGCC. Despite the rising 
TGCC incidence among non-military personnel in 
North European countries (17-19) an increase was 
also observed in the Gulf War (15) and the Balkan 
War veterans involved in Kosovo War (1998-1999) 
(20,21). Radioactive and toxic elements from am-
munition, with emphasis on depleted uranium 
(DU) were pointed out as possible causative agents 
in the Gulf and Kosovo War (22,23). 
Most common usage of DU is in coating bullets and 
shells to improve armor-piercing capabilities (24). 
Medical effects of internal exposure to DU inclu-
de nephrotoxicity, reproductive and developmental 
toxicity, as well as mutagenic and carcinogenic ef-
fects (25,26). The NATO officially acknowledged 
the use of DU ammunition in the Bosnian and Ko-
sovo War. Data show that 10 000 30 mm DU rounds 
(3.3 tons of DU) were fired at 12 sites in Bosnia and 
31 000 DU rounds (10.2 tons of DU) at 85 locations 
in Kosovo (27,28). Unfortunately, there are no data 
on the amount of DU rounds used in the Croatian 
War of Independence. Recent studies show that at 
impact ammunition particles disperse into the air 
and contaminate the soil, ground water and river sy-
stems (29,30). Internal exposure occurs by ingesti-
on of contaminated food and water or by inhalation 
of particles resuspended in the atmosphere (31,32).
Environmental contamination with toxic and 
radioactive elements, together with war-related 
stress has the potential of being one of the im-
portant causative agents in the genesis of TGCC. 
Therefore, the aim of this study was to point out 
the possible connection between the abovemen-
tioned and the change in TGCC incidence and 
stage presentation in our population.

PATIENTS AND METhODS

From 1969 to 2012 258 TC patients were treated 
at the Department of Urology, University Hospital 
Centre Osijek, Croatia. Data were retrospectively 
collected and analyzed from patient’s medical 
history, operating protocols and patohistological 
findings. Medical charts of 226 patients were used 
in the analysis, since 32 patients had incomplete 
or missing data. After initial radical orchiectomy 
additional diagnostic procedures available at the 
time (bipedal lymphography, abdominopelvic 
CT, retroperitoneal lymph node dissection, chest 
X-ray or chest CT where indicated, serum tumor 
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markers) were performed to assess the proper sta-
ge of the disease. Methods of treatment included 
radical orchiectomy, followed by either survei-
llance, retroperitoneal lymph node dissection and/
or oncological treatment (chemo/radiotherapy). 
Staging and histology were assessed according 
to internationally accepted criteria, with TNM(S) 
staging and stage grouping (1). Follow-up was 
performed on an outpatient basis.
Overall, 216 TGCC patients were divided into 
seminoma and non-seminoma group; 10 non-
TGCC patients were excluded from further 
analysis. To compare the changes in TGCC inci-
dence two time periods were artificially created: 
1969-1995 (distant prewar and war period) and 
1996-2012 (postwar period). Descriptive statisti-
cal analysis with Fisher Exact and Kolmogorov-
Smirnov test for comparing different variables 
between the groups was performed. Trends in 
cancer incidence were analyzed with curve esti-
mation regression model. A p-value of <0.05 was 
considered statistically significant.

RESuLTS

Seminoma was found in 104 (46%.) and non-se-
minoma in 112 (49.6%) patients. Only 4.4% of 
TC’s were of non-germ cell origin and among 10 
of them 6 were Non-Hodgkin lymphomas. Only 
TGCC’s were included in further analysis. Non-
seminomas were mixed TGCC in 65.2%, embryo-
nal carcinoma in 25.9%, with teratomas, yolk sac 
tumors and choriocarcinomas occuring rarely. 
As expected, seminoma patients were older than 
non-seminoma patients. Right sided TC was more 
common in non-seminoma group. Seminoma and 

non-seminoma ratio was 0.89 for 1969-1995 peri-
od and 0.95 for 1996-2012 period (p=0.472). De-
mographic and clinical data with stage distribution 
between the periods for all TGCC, seminoma and 
non-seminoma are presented in Table 1.

All TGCC Seminoma Non-seminoma p 
No. of patients 216 104 112 /
Median age (range) 30 (14-73) 35 (18-61) 28 (14-73) 0.000
Right side (%) 123 (56.9) 49 (47.1) 72 (64.3) 0.008
Period 1969-1995 68 32 36 /
Stage I (No, %) 36 (52.9) 19 (59.4) 17 (47.2) /
Stage II (No, %) 24 (35.3) 10 (31.2) 14 (38.9) /
Stage III (No, %) 8 (11.8) 3 (9.4) 5 (13.9) /
Period 1996-2012 148 72 76 /
Stage I (No, %) 81 (54.7) 50 (69.4) 31 (40.8) /
Stage II (No, %) 34 (23) 16 (22.2) 18 (23.7) /
Stage III (No, %) 33 (22.3) 6 (8.4) 27 (35.5) /

Table 1. Demographic and clinical data of patients with 
testicular germ cell cancer (TGCC)

No of patients (No of tumors yearly)
Period All TGCC Seminoma Non-seminoma
1969-1995 68 (2.5) 32 (1.2) 36 (1.3)
1996-2012 148 (8.7) 72 (4.2) 76 (4.5)
Times rise 3.5 3.5 3.5

Table 2. Change in testicular germ cell cancer (TGCC) inci-
dence between the periods

Figure 1. TC incidence 1969-2012

The rise in the incidence of TC in the studi-
ed population over the years was found. There 
were two distinctive rises and new plateau was 
reached in 1996 and again in 2005  (Figure 1). 
When analyzing the change in the incidence of 
TGCC between the two pre-selected periods, 3.5 
times higher incidence rate was found in the po-
stwar period for non-seminomas, seminomas and 
TGCC overall (Table 2). Curve fit and estimation 
regression analysis showed that rise in the inci-
dence of all TC, seminomas and non-seminomas, 
assuming linear annual rise, was significantly di-
fferent than expected (p=0.000) (Figure 2). 
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Furthermore, TGCC stage distribution between 
the periods was studied. For seminomas there 
were no statistically significant changes in the sta-
ge presentation of the disease, although there were 
more stage I and less stage II and III patients in the 
post-war period. Unlike seminomas, non-semino-
mas have shown a significant stage shift in the se-
cond period, with more patients presenting in the 

advanced stage III of the disease on account of less 
stage II patients, which reflected itself on the stage 
shift results for TGCC overall (Table 3).

DISCuSSION

The Iincidence of TGCC in the analyzed sample 
was rising through the years, with the significant 
rise in the 1996-2012 period, after the events 
which could have had an impact on TGCC de-
velopment. Regarding the trend, the curve is 
growing faster than expected. The reason for se-
minoma presenting in less advanced stage while 
non-seminoma presents in more advanced stage 
in 1996-2012 period is still an enigma. 
There is much controversy in the scientific commu-
nity regarding the “Gulf War Syndrome” and the 
“Balkan War Syndrome”. After the Persian Gulf 
War ended there was a great concern that the U.S. 
and U.K. war veterans developed negative health 
consequences including increased mortality rate. 
Higher mortality rate was noticed among them 
in comparison to veterans who were deployed el-
sewhere, but this increase was caused by the death 
from external causes, in most cases by trauma, not 
from the disease-related causes (33,34).
The knowledge of the late effects of long term 
exposure to radiation is limited because dose-
response assessments are based on studies of 
exposure to high doses of ioniting radiation and 
animal experiments. It is difficult to detect an in-
crease in cancer incidence or mortality because 
the majority of exposed individuals received low 
doses of radiation, comparable to or few times 
higher than annual levels of natural background 
radiation (35).
Uranium (92U) is the heaviest naturally-occurring 
element found at low levels in soil and water, but 
in significant concentrations in rock deposits and 
uranium-rich ores. It has radioactive and fissi-
on properties and therefore it is one of the most 
harmful chemical elements in nature to human 
health (36-38). There are three different isotopes 
of 92U found in nature, 99.27% uranium-238 (U-
238), 0.75% uranium-235 (U-235) and 0.0055% 
uranium-234 (U-234) (36). Uranium isotopes can 
be separated to increase the concentration of one 
isotope relative to another. This process is called 
“enrichment’’ (36). The process produces huge 
quantities of 92U that are depleted in U-235, but 
are almost pure U-238, called DU (36). In the mi-

Figure 2. Observed versus linear curve estimation for all TC´s, 
seminomas and non-seminomas, respectively

No (%) of patients
1969-1995 1996-2012 p 

All TGCC (n=68) (n=148)
Stage I 36 (52.9) 81 (54.7) 0.460
Stage II 24 (35.3) 34 (23) 0.043
Stage III 8 (11.8) 33 (22.3) 0.046
Seminoma (n=32) (n=72)
Stage I 19 (59.4) 50 (69.4) 0.217
Stage II 10 (31.2) 16 (22.2) 0.228
Stage III 3 (9.4) 6 (8.4) 0.563
Non-seminoma (n=36) (n=76)
Stage I 17 (47.2) 31 (40.8) 0.329
Stage II 14 (38.9) 18 (23.7) 0.042
Stage III 5 (13.9) 27 (35.5) 0.013

Table 3. Testicular germ cell cancer (TGCC) stage shift 
between the periods
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litary DU is used to improve the armor-piercing 
features of bullets and missiles and to upgrade 
armor-plating ability of military vehicles (36-
38). Intakes of 92U exceeding United States En-
vironmental Protection Agency (EPA) standards 
can lead to increased cancer risk (36-38).
Particularly interesting are the reports by the Uni-
ted Nations Environment Programme (UNEP) 
of post-conflict DU assessment in Kosovo (39), 
Serbia and Montenegro (40) and Bosnia and Her-
zegovina (41) published in 2001, 2002 and 2003, 
respectively. In Kosovo, soil and water samples 
were collected from eleven sites where DU had 
reportedly been used, but the analyses showed 
low levels of radioactivity (39). In Serbia and 
Montenegro, two years after the conflict, DU 
was again detected in soil samples and from bi-
oindicators like lichen (40). However, the levels 
were extremely low and no significant level of 
radioactivity was measured (40). In Bosnia and 
Herzegovina 14 sites were investigated and DU 
was found in soil, drinking water and air sam-
ples at three locations, even after more than se-
ven years post-conflict, albeit at extremely low 
levels (41). Further studies were recommended 
by UNEP because of the scientific uncertainties 
on the long-term behaviour of DU in the natural 
environment (41). 
Jergovic et al. conducted a study (42) on respon-
dents from the area of the Eastern Croatia. The 
observed respondents had higher than normal 
amounts of warfare metals in serum, urine and 
hair, due to shelling and other uses of weapons. 
Those metals were deposited in the soil and then 
contaminated food and water. The amounts dif-
fered between respondents from areas of heavy 
and moderate fighting. The upscaled (43) results 
revealed that most vulnerable were those who 
were younger than 14 years during the war and 
war veterans. 
To confirm that the findings of 92U and other me-
tals in the Eastern Croatian soil samples are exc-
lusively associated with the war, it is necessary 
to repeat the soil analysis several times in other 
regions in Croatia and nearby states as well. The-
refore, attempts to try and determine if the usage 
of DU ammunition is directly linked with higher 
cancer morbidity in selected population were not 
successful. The influence of Croatian War of In-
dependence and Chernobyl disaster on change in 

the incidence and clinical presentation of some 
cancer types, such as breast and thyroid cancer, 
has already been documented (44,45). Previous 
research has confirmed the change in histological 
presentation and shift towards advanced stages 
for thyroid cancer (44) and more invasive lobular 
breast carcinoma in female Croatian population 
(45). Changes were present in both post-war ye-
ars as in years following Chernobyl. It is impor-
tant to emphasize the positive relation of thyroid 
cancer incidence and radiation exposure. 
It would be too bold of a statement, nor was 
our research set out to directly link DU with the 
observed rise in TGCC incidence and stage pre-
sentation for our population. With so many unan-
swered questions like long-term behaviur of DU 
in the environment, the effect of small doses of 
radiation and timing of our studied population 
exposure, one could only propose the possible 
causative potential of DU and other radioacti-
ve elements in the genesis of TGCC. Having in 
mind the varying TGCC incidence between di-
fferent populations and thus possibly different 
birth-cohort effects on its genesis, we assume 
that the aforementioned events which severely 
affected our population could be responsible for 
the observed rise in TGCC incidence.
In conclusion, war-related stress, radiation and 
possibly DU exposure could lead to testicular 
malignancies after prolonged latency. However, 
exposure assessment, biomonitoring and field 
studies must be performed in order to evaluate 
true long-term environmental behaviour of DU 
and impact on human health. 
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Trendovi incidencije tumora zametnih stanica testisa u istočnoj 
hrvatskoj
Bojan Sudarević, Ivan Radoja, Dalibor Šimunović, Hrvoje Kuveždić
Klinika za urologiju, Klinički bolnički centar Osijek, Osijek, Hrvatska

SAŽETAK 
Cilj  Istražiti moguću povezanost između kontaminacije radioaktivnim i toksičnim elementima, prven-
stveno osiromašenim uranom (DU) izvorišta iz černobilske katastrofe, Domovinskog rata u Hrvatskoj i 
rata u Bosni i Hercegovini, te povećane incidencije tumora zametnih stanica testisa (TGCC) u populaciji 
istočne Hrvatske. 
Metode  Od 1969. do 2012. godine na Klinici za urologiju Kliničkog bolničkog centra u Osijeku liječe-
no je 258 bolesnika s tumorom testisa (TC). Nepotpuni podaci bili su razlog za isključenje 32 bolesnika 
iz studije, a 10 bolesnika je imalo ne-TGCC TC. Preostalih 216 bolesnika svrstano je u dvije skupine: 
seminoma i neseminoma. Bolesnici su raspoređeni u jedno od dva razdoblja: od 1969. do 1995. (razdo-
blje prije rata i ratno razdoblje) i od 1996. do 2012. godine (poslijeratno razdoblje). 
Rezultati  U poslijeratnom je razdoblju u odnosu na prijeratno i ratno, incidencija neseminoma (godiš-
nje 4.5 bolesnika na prema 1.3), seminoma (4.2 na prema 1.2) i sveukupno TGCC (8.7 na prema 2.5) 
bila 3.5 puta veća, te su neseminomski tumori bili prezentirani u više uznapredovalom stadiju III (35.5% 
na prema 13.9%, p=0.013).
Zaključak  Korištenje osiromašenog urana u oružanim sukobima, nakon nepoznatog vremena latencije, 
moglo bi dovesti do razvoja TGCC-a. Kako bi se dokazala moguća uzročna veza između izlaganja osi-
romašenom uranu i razvoja tumora zametnih stanica testisa potrebna je analiza izloženosti navedenom 
čimbeniku.
Ključne riječi: neoplazme testisa, nuklearno ratovanje, uran, černobilska katastrofa, Hrvatska
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ABSTRACT

Aim To evaluate the management of aseptic non-unions of the dis-
tal third of the tibial diaphysis, using static interlocking intrame-
dullary nailing.

Methods Between January 2005 and November 2012, a total 
number of 42 patients who underwent surgery at our hospital for 
aseptic non-unions of the distal third of the tibial diaphysis, were 
included in our study. Preoperatively, all the patients were tested 
for the presence of infection of non-union. The post-operative fo-
llow up was based on clinical and radiological findings.

Results Union was achieved in 41 (98%) patients, at a mean time 
of 5.8 months (four-eight months). One (2%) patient developed 
infection of the wound four weeks after the operation. A small de-
crease of the tibial length, of about one cm was seen in three (7%) 
patients. Pain of the patellar tendon, at the entry point of the nail, 
was observed in six (14%) patients, without impacting the range of 
motion of the knee. In two (5%) patients, a decrease in dorsiflexion 
of the ankle joint occurred, of about ten degrees angle.

Conclusion Static interlocking intramedullary nailing is the pre-
ferable technique in the management of aseptic non-unions of the 
distal third of the tibial diaphysis, because it provides high union 
rate and few postoperative complications. A good preoperative 
evaluation for infections, use of proper surgical technique with 
respect to soft tissues, use of autogenous bone grafts and early 
mobilization of patients, are the keys to success of this method.

Key words: pseudarthroses, tibial fractures, therapy
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INTRODuCTION

The management of non-unions of fractures of 
the distal third of the tibial shaft represents a gre-
at challenge for every orthopaedic surgeon. The 
incidence of non-unions after tibial shaft fractu-
res has been reported to be the highest compared 
to other long bone fractures (1-2). The tibia is 
an important weight-bearing bone and non-hea-
ling of its fractures is considered to be a serious 
complication which can lead to constant pain, sti-
ffness of the knee and ankle, muscular atrophies, 
disability and deformities (3).  Thus, serious pro-
blems can occur in everyday life and professional 
career of the patient (4). 
Possible reasons that can cause non-union of 
fractures of the tibial shaft are the initial frac-
ture displacement, poor coverage of soft tissu-
es, inadequate blood flow to the bone, older 
age, smoking, diabetes, malnutrition, alcohol, 
some medications (such as corticosteroids) and 
inadequate reduction and stabilization of the 
fracture (5-11). 
The diagnosis of tibial non-unions can be based 
on clinical symptoms such as persistent pain at 
the fracture site that lasts for months after the 
time of initial injury (12) and on imaging tests 
which include x-rays, computed tomography 
and magnetic resonance imaging (12-13). In 
case that an infection is considered to be a ca-
use of non-union we can also use blood tests 
like complete blood cell count, erythrocyte 
sedimentation rate, c-reactive protein and mi-
crobiological examinations like Gram staining 
and cultures (2). 
The treatment of non-unions of fractures of the 
tibial shaft can be non-surgical or surgical. Non-
surgical treatment can be achieved by simple 
functional cast bracing or by the use of bone sti-
mulators (14-17). Surgical treatment is needed 
when non-surgical treatment fails and can inclu-
de stable internal fixation with plates and screws, 
with or without bone grafting (17-20), exchange 
nailing (17), external fixation (21) and sometimes 
two-stage procedures (22). The aim of this study 
was to evaluate the management of aseptic non-
unions of the distal third of the tibial diaphysis, 
using static interlocking intramedullary nailing. 
The purpose of the study was to compare succe-
ssfulness of this method with the results in other 
previous studies.

PATIENTS AND METhODS

This study was carried out from January 2005 to 
November 2012 at the Department of  Orthopa-
edics of Argos General Hospital in Greece and 
included 42 patients. There were 37 (88%) males 
and five (12%) females with a mean age of 32 
years (17-58 years old). Permission for this study 
was obtained from the Local Medical Studies Et-
hics Committee. 
The study included  patients with aseptic non-
unions of fractures of the lower third of the tibi-
al diaphysis and excluded patients with infected 
non-unions of the lower tibial third, or patients 
with aseptic non-unions of fractures in other 
parts of the tibial shaft. All of them underwent 
x-ray examinations in the frontal and sagittal 
plane of the tibia. Non-unions of the tibial shaft 
were defined as radiologically confirmed un-
healed shaft fractures at least nine months fo-
llowing the injury and osteosynthetic treatment 
(23). Causes for initial fractures were traffic 
accidents for 29 (69%) patients, sport injuries 
for five (12%) patients and drops from height 
for eight (19%) patients, where 12 (29%) of 
these fractures were open and 30 (71%) fractu-
res were closed. According to the classification 
of Gustilo, two (17%) of the 12 open fractures 
were classified as type II, seven (58%) of them 
as type IIIA, and three (25%) of them as type 
IIIB. From the initial 42 fractures, 20 (48%) 
fractures were treated with closed reduction and 
simple functional cast bracing, ten (24%) frac-
tures with open reduction and internal fixation 
using plates and screws and 12 (28%) fractures 
with external fixation. Non-union was atrophic 
in 18 (43%) patients and hypertrophic in 24 
(57%) patients. 
All of the patients were screened for the presen-
ce of infection by clinical signs and laboratory 
evaluation that consisted of complete blood cell 
count, erythrocyte sedimentation rate and C-re-
active protein levels. Additionally, during the 
operation samples from the medullary canal at 
the site of the non-union were obtained. All of 
them underwent Gram staining immediately and 
were sent for microbiological culture. In all pa-
tients the results of Gram staining and cultures 
were negative. None of the patients was dischar-
ged from the hospital until the final results of the 
cultures were obtained.  
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The surgical technique that was used in all non-
unions included reamed static intramedullary 
nailing of the tibia and additionally osteotomy of 
the fibula which enabled easier reduction (open 
or closed) of fragments and elimination of the 
gap between them. In 20 (48%) patients, an open 
approach was applied at the site of the non-union 
and resected widely non-viable bone and fibrous 
soft tissue,in order to achieve adequate reduction 
of the fracture. In 12 of these 20 patients, great 
bone defects were created and autogenous bone 
grafting from the iliac crest was required in order 
to prevent shortening of the bone length (20). In 
the remaining 22 (52%) patients, intramedullary 
nailing was performed under closed reduction 
with an intact fracture site. The mean operative 
time was 94 minutes (75-140 minutes).
Regardless of the method used (closed or open), 
after the operation the same physiotherapy proto-
col was followed in all the patients. Postoperati-
vely, partial weight bearing was instructed after 
the fifth postoperative day, which was switched 
to full weight bearing two weeks after the ope-
ration upon healing of the wounds. Passive and 
active exercises of both ankle and knee joints and 
muscular strengthening were performed for six 
weeks. The mean follow up was 3.2 years (one-
five years) and was based on clinical (painless 
full weight bearing) and radiological (bridging 
callus on three or four cortices on radiographs) 
findings. The follow-up protocol included inter-
val assessments at two, six, 18, 42 weeks after the 
operation and every year thereafter.

RESuLTS

Union was achieved in 41 (98%) patients, at a 
mean time of 5.8 months (four-eight months). One 
(2%) patient, with a non-union of the IIIB type 
open fracture, developed a wound infection four 
weeks after the operation.  In that case the intra-
medullary nail was removed and a hybrid external 
fixation system was applied. For those patients 
who underwent closed reduction before the intra-
medullary nailing, union was achieved at a mean 
time of 5.4 months (four-seven months) after the 
operation, while for patients who underwent open 
reduction, union was achieved at a mean time of 
6.3 months (four-eight months) (Figure 1, 2).
Three (7%) patients showed a decrease in length 
of the tibia, of about one cm. All of these pati-

ents had open reduction and bone grafting. None 
of the 42 patients had any other serious tibial 
deformity, such as valgus or varus mal-union, 
anterior or posterior angulation, or mal-rotation 
compared to the contra-lateral healthy tibia. Pain 
of the patellar tendon was observed in six (14%) 
patients, at the entry point of the intramedullary 
nail, without impact on the range of motion of 
the knee. In two (5%) patients a decrease of dor-
siflexion of the ankle joint, about ten degrees, 
was observed. Generally, the majority of patients 
were completely satisfied with the results of the 
surgical operation and returned to work and their 
daily activities without problems. 

DISCuSSION

The main priorities of every orthopaedic surge-
on in the management of non-unions of the dis-
tal third of the tibial shaft are the achievement of 
union, avoidance of axial or rotational mal-uni-
ons and of bone shortening, prevention and tre-
atment of infections, quick mobilization of pati-
ents and functional restoration of the lower limb, 

Figure 1.  Non-union of the distal third of the tibial diaphysis 
ten months after cast bracing (Begkas D, 2009)

Figure 2.  healing of the same non-union 1.5 years after static 
interlocking intramedullary nailing and fibular osteotomy 
(Begkas D, 2011)
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without residual  restrictions on the movement of 
joints of the knee, ankle and foot (3,24).
In our study, the use of reamed static intramedu-
llary nailing in the treatment and achievement of 
union was very important. Compared with other 
studies that were carried out in the past and the 
use of other techniques (21, 25-27), the union 
rate of 98% that we achieved, was very high. 
Reaming increases periostal circulation and 
callus formation, it provides stable fixation, hi-
gher union rate and less complications, compared 
with non-reamed nailing (28-30). Additionally, 
static interlocking intramedullary nailing results 
in a very stable fixation, quick mobilization and 
full weight bearing of the leg, and much fewer 
complications, such as muscle atrophies and sti-
ffness of the joints (31). 
Of interest, in those patients where intramedu-
llary nailing was carried out under closed re-
duction and the fracture site remained intact, 
union was achieved in quicker (mean of about 
a month), than in those who underwent open 
reduction and bone grafting. The basic charac-
teristic of all these 22 patients, was that their 
non-unions were of hypertrophic type (32). This 
can be explained by the fact that hypertrophic 
non-unions are well vascularized but they lack 
the adequate immobilisation needed. In that 
case, static interlocking intramedullary nailing, 
enabled the achievement of stable fixation and 
union of the fractures (17). On the other hand, 
the majority of the 20 patients who underwent 
open reduction and bone grafting, had atrophic 
type of non-union. Atrophic non-unions, are 
characterized by poor vascularization and disa-
bility of bone healing (32). By the application of 
open reduction, after the resection of non-viable 
bone and fibrous tissue, along with the reaming 
of the bone canal, we achieved the improvement 
of the local vascularization and stimulation of 
new bone formation. Additionally, fibular oste-
otomy enabled easier reduction of the fragments 
(33). In case of significant bone loss of the ti-
bia, bone grafting ensured  restoration of bone 
length and alignment (20). Under these conditi-
ons, the use of static interlocking intramedullary 
nailing provided stable fixation, high union rate 
of the bone and significantly reduced number 
of complications compared with the results and 
complications of other studies (23, 34-35). 

Particular attention should be given when creating 
the portal of the nail in the tibia. The cross section 
of the patellar tendon may later lead to pain and 
restriction of the extension of the knee. Six of our 
patients complained of pain in this area of the knee 
postoperatively. We think that a small cross-secti-
on of the patellar ligament, along with the least po-
ssible injury during reaming of the bone canal and 
careful stitching during the closure of the wound, 
are necessary measures that must be taken in order 
to avoid these complications (36). 
The limitation in mobility of the ankle and knee 
joints should also be avoided. Restriction of dor-
siflexion in the ankle joint of about ten degrees 
angle was observed in two of our patients. Both 
of them had undergone open reduction of the 
fracture and wide excision of the non-viable bone 
and fibrous tissue. The basic principles for the 
prevention of such complications is to minimize 
damage to the surrounding soft tissues during the 
excision of non-vital tissue, early mobilization of 
patients and their integration in an intensive reha-
bilitation program (37).
Importantly, infection prevention measures must 
be taken before reamed intramedullary nailing. 
There are reports in the literature that emphasize 
that point (38-40), while other authors suggest to 
avoid the application of this procedure in patients 
with non-infected non-unions of the tibia, which 
came from open fractures of the Gustilo type IIIB 
classification (35). All patients should undergo 
preoperatively rigorous clinical, hematological, 
biochemical and microbiological tests (38). In our 
study, one of the patients with a non-union of an 
open fracture of IIIB type developed wound in-
fection four weeks after the surgery, although we 
enforced the above protocol tests. We believe that 
there is always a small possibility of failure in the 
preoperative diagnosis of a deep, silent infection, 
which can become active after the operation.
Consequently, we consider that static interloc-
king intramedullary nailing is the preferable te-
chnique in the management of aseptic non-unions 
of the distal third of the tibial diaphysis, because 
it provides high union rate and few postoperative 
complications. A thorough preoperative evalua-
tion for infections, use of a proper surgical tech-
nique with respect to soft tissues, appropriate use 
of autogenous bone grafts and early mobilization 
of patients are the keys to success of this method.
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ABSTRACT

Aim To evaluate the role of doppler ultrasonographorin managing 
hydronephrosis during pregnancy.

Methods The study included 27 pregnant patients with unilateral 
symptomatic persistent hydronephrosis (group 1) and 38 pregnant 
patients with physiological hydronephrosis of pregnancy (group 
2). All pregnant patients underwent Doppler Ultrasonography to 
determine the Resistive Index (RI) and the difference between the 
RI of the corresponding and contralateral kidney (Delta Resistive 
Index = ΔRI).

Results There were no statistical differences between the two 
groups in terms of age, mean gestational period, or number of 
pregnancies. The mean renal RI of the hydronephrosis side was 
0.68±0.05 in group 1 and 0.60±0.05 in group 2 (p<0.001). The 
mean ΔRI of group 1 was significantly higher than the mean ΔRI 
of group 2 (0.07±0.03 versus 0.02±0.01, respectively, p<0.001). 
The RI and ΔRI were considered positive with values of ≥0.70 and 
≥0.04, respectively, and the RI was sensitive in 44.4% and speci-
fic in 92.1% for intervention treatment. The corresponding values 
for ΔRI were 88.9% and 89.5%. The positive predictive value and 
negative predictive value of ΔRI for intervention were 85.7% and 
91.9%, respectively. 

Conclusion It is much better to consider ΔRI than RI when 
deciding on interventional treatment in hydronephrosis during 
pregnancy.

Key words: Doppler ultrasonography, Resistive Index, gravidity
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INTRODuCTION

Radiologic diagnosis of urinary stones in pre-
gnancy is complicated by the physiologic and 
hemodynamic changes of pregnancy (1-3). Beca-
use of potential adverse effects of radiation expo-
surtoof the fetus, conventional ultrasonography 
(US) is the first-line imaging tool for urolithiasis 
in pregnant patients (4,5). However, the use of 
US is limited in the diagnosis of obstructions in 
early pregnancy, and it may not actually show the 
stones because of dilatation of the upper urinary 
tract, which occurs in normal pregnant women 
who do not suffer from obstructive diseases (3,4). 
In contrast to conventional renal US, the use of Do-
ppler US (DUS) had produced excellent results in 
the diagnosis of ureteric obstructions in pregnant 
women (6,7). Conventional ultrasonography with 
Doppler studies allows for waveform tracings of 
the renal vasculature. Ureteric obstruction increa-
ses renal vascular resistance, resulting in diastolic 
blood flow and a rise in renal resistance  (2). Based 
on waveform tracings, a renal resistive index (RI) 
value is calculated, providing improved sensitivity 
and specificity for differentiating obstructed from 
nonobstructed dilated collecting systems (6,8). 
Moreover, ienwas determined that the RIs of the 
kidneys of pregnant womerewere similar to those 
of non-pregnant women (9) and that an elevated 
RI should not be attributed to the normal physi-
ological changes of pregnancy (10). Until now it 
has not been clarifiedhHow tt differentiate patho-
logical from physiological hydronephrosis of pre-
gnancy in the best wow.
In this prospective study, the RI of symptoma-
tic persistent hydronephrosis was compared with 
physiological hydronephrosis of pregnants in or-
der to evaluate the role of renal DUS for mana-
ging hydronephrosis during pregnancy. 

PATIENTS AND METhODS

Between December 2010 and January 2012, 65 
pregnant women admitted to the Dicle Univer-
sity School of Medicine Department of Urology 
were included in this study. Of these, 27 pregnant 
patients had unilateral symptomatic persistent hy-
dronephrosis (group 1) and 38 had physiological 
hydronephrosis of pregnancy which was inciden-
tally found at the time of obstetric scan (group 2). 
In group 2, no patient had colic pain, hematuria, 
or any evidence of stone formation on US (Figure 

1). Informed consent forms were obtained from all 
patients after approval from the local institutional 
review board of Dicle University was obtained.

Figure 1. Physiological hydronephrosis of pregnancy in a 22-ye-
ar-old ant woman with in the third trimester. A) Sagittal sonog-
raphy shows right kidney with low-moderate (grade II) hydro-
nephrosis (doppler shows normal RI of 0.58 in the right kidney); 
B) hydroureter narrowing smoothly at uretero-iliac cross with 
no evidence of stone obstruction. Color coding helps identifying 
the anatomic relationship of ureter and vessels

A)

B)

At presentation, patients’ age, presenting symp-
toms, previous urological intervention, parity, and 
duration of pregnancy were recorded. Obstetric 
physical examinations and US were performed to 
determine gestational stage and exclude obstetric 
complications. All patients were then examined 
with conventional grey-scale US followed by DUS 
with a calculation of the intrarenal RI in both kid-
neys. Sonography was performed with a real-time 
multi-frequency (3.5–5-MHz) sector transducer 
(Logic P5, General Electric, USA). Renal size, ec-
hogenicity, and the presence of perinephric fluid or 
renal calculi were noted. The presence and position 
of a ureteric stone were documented. Renal RI was 
calculated as the average of three measurements 
in the arcuate arteries from the upper, middle, and 
lower third of the kidney. Continuous spectral wa-
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veforms were optimized for measurements using 
the lowest pulse repetition frequency without ali-
asing, the highest gain without obscuring backgro-
und noise, and the lowest wall filter. In each pati-
ent, the mean RI for the ipsilateral and contralateral 
normal kidney was obtained. The Delta Resistive 
Index (ΔRI) was determined as follows: ΔRI= RI 
of ipsilateral kidney-RI of contralateral kidney.
The study inclusion criteria included pregnant pati-
ents with normal blood pressure in their second or 
third trimester. Those with high blood pressure, bila-
teral hydronephrosis, passed spontaneously stones, 
or systemic diseases were excluded from the study.
In group 1, the diagnosis of ureteral obstruction in 
pregnancy was made based on the clinical presen-
tation of transabdominal US and DUS (Figure 2). 
Complete blood count, creatinine, urea, and urine 
culture tests were also performed to all patients, 
and blood cultures were obtained when needed. 
The US findings were diagnostic for obstructive 
ureteral calculi in 11 of 27 (40.7%) patients. In the 
remaining 16 patients, the clinical findings and 
observations of progressive hydronephrosis during 
ultrasound examinations were used for diagnosis 
and intervention. Conservative treatments such 
as intravenous fluids and analgesics were given 
to all patients in group 1 following admission to 
hospital. Patients whose symptoms improved and 
did not persist with conservative treatment were 
discharged and followed in the outpatient clinic. 
Moreover, these patients were excluded from the 
study. The patients whose symptoms persisted or 
whose stones were not cleared spontaneously fo-

llowing the medical treatment period were advised 
to receive either a minor intervention (percutaneo-
us nephrostomy (PCN) tube, ureteral double J (JJ 
stent) or ureterorenoscopy (URS).
All patients undergoing interventional treatment 
had antibiotic prophylaxis. Each of them took 
one dose of second or third generation cepha-
losporines intravenously one hour before the in-
tervention, and medication was continued seven 
days after the operation. 
URS was performed with a 9.5-F semi-rigid ure-
teroscope after confirming that the urinary infecti-
on was treated and the urinary culture was sterile. 
Under local anesthesia, the PCN was inserted in 
the flank position with ultrasonographic guidance, 
and a JJ stent was inserted with a 22-F cystoscope.
Pearson correlation analysis was used to reveal 
the correlations. The Mann–Whitney U test and 
the Chi-square test were used to determine the 
differences between the groups. A p-value of less 
than 0.05 was considered statistically significant.

RESuLTS 

There were no statistical differences between gro-
up 1 and group 2 in terms of age, mean gestati-
onal period, or number of pregnancies (Table 1). 
However, the mean renal RI on the hydronep-
hrosis side was significantly different: 0.68±0.05 
in group 1 and 0.60±0.05 in group 2 (p<0.001). 
The mean ΔRI were 0.07±0.03 in group 1 and 
0.02±0.01 in group 2 (p<0.001). The kidneys with 
ureteral obstruction had a mean RI of 0.68±0.05, 
and contralateral normal kidneys had a mean RI 
of 0.58 ±0.04 in group 1 (p<0.001; r=0.760). The 
mean diameter (mm) of the renal pelvis of group 1 
was statistically higher than the mean diameter of 
the renal pelvis of group 2 (p<0.001). 

Figure 2. Symptomatic persistent hydronephrosis in a 27-ye-
ar-old pregnant woman with right flank pain in the third tri-
mester. Sagittal sonography shows right kidney with moderate 
(Grade III) hydronephrosis. Doppler study shows an elevated 
RI of 0.74 in the right kidney ΔRI, inter-renal difference in RI

Symptomatic persi-
stent  hydronephrosis 

of pregnancy
(Group 1, N=27)

Physiological 
hydronephrosis 

of pregnancy
(Group 2, N=38)

p

Mean age (year) 26.25±5.93 23.28±4.58 0.06
Mean gestational 
period  25.96±6.40 27.66±6.01 0.28

The number of 
pregnancies 3.0±2.28 2.0±1.23 0.08

Mean RI at the side 
of hydronephrosis 0.68±0.046 0.60±0.047 0.000

Mean ΔRI 0.07±0.03 0.02±0.01 0.000

The mean diameter 
of renal pelvis (cm) 29.14±11.00 15.94±5.85 0.000

Table 1. Baseline characteristics of the two groups
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The RI was considered positive as a cut-off for 
intervention in pregnancy with a value of 0.70 or 
greater, and it was sensitive in 44.4% and specific 
in 92.1% for intervention. In addition, its positi-
ve predictive value (PPV) was 80% and negative 
predictive value (NPV) was 70%. While 0.04 or 
greater was considered positive as a cut-off for 
ΔRI, sensitivity and specificity were 88.9% and 
89.5%, respectively. In addition, PPV and NPV 
for ΔRI were 85.7% and 91.9%, respectively. 
The symptoms were renal colic in 17 patients, 
fever/chills in four patients, and hematuria in 15 
patients, in group 1. Percutaneous nephrostomy 
tubes were inserted in three patients, and ureteral 
JJ stents were inserted in five patients under local 
anesthesia. However, in three patients, attempts 
to insert JJ stents were not successful, and they 
underwent URS, so 22 patients underwent the 
URS procedure. Spinal anesthesia was performed 
in 21 (95.4%) patients, while general anesthesia 
was performed in 1 patient. Endoscopically, ure-
teric stones were found in 17 (77.2%) patients. 
The stones were fragmented by holmium la-
ser and a ureteral JJ stent was inserted in 8 of 
17 (47%) patients with ureteral stones. All of JJ 
stents were removed by cystoscopy under local 
anesthesia two weeks after the initial procedure. 
In the remaining five patients, no stones were fo-
und, but there was an important obstruction due 
to ureteral invagination at the pelvic brim in three 
patients, ureteral stricture in one patient, and 
excessive uterine compression in one patient. In 
the last five patients, only JJ stents were inserted 
and the stents were removed two weeks after the 
successful completion of their pregnancies. No 
serious obstetric complications were observed in 
pregnant patients who underwent the URS proce-
dure and all babies were born normally.

DISCuSSION

Conventional US is the first-line imaging tool for 
urolithiasis in pregnant patients because of the po-
tential adverse effects of radiation exposure to the 
fetus (11). However, the use of US is limited in di-
agnosis, and it may not actually detect the stones 
because of dilatation of the upper urinary tract, 
which occurs in normal pregnant women who do 
not suffer from obstructive illnesses (12). It has 
been found that renal US provides a sensitivity of 
34% and a specificity of 86% and that sonograms 

may not reveal the stones (4). In the present study, 
conventional grey-scale US detected obstructed 
ureteric calculus in 50% of our patients, and all 
symptomatic kidneys had pyelocaliectasisRe-
nal resistive index provides increased sensitivity 
and specificity for distinguishing obstructed from 
nonobstructed dilated collecting systems. Hertz-
berg et al (9) found no statistically significant dif-
ference between the RI of 156 pregnant women 
without renal disease and 25 non-pregnant women 
of childbearing age. Moreover, no important dif-
ference was detected between the RI of kidneys 
with and without pyelocaliectasis. Furthermore, 
Shokeir et al (7) found that the mean RI of kid-
neys with acute unilateral ureteric obstruction due 
to the stone disease was significantly higher than 
the mean RI of contralateral normal kidneys sug-
gesting that RI is a sensitive and specific test for 
pregnant patients who suffer from acute unilateral 
ureteric obstruction. In our study, a higher mean RI 
in all 27 obstructed kidneys than the normal mean 
RI in the contralateral normal kidneys was found. 
In the study mentioned above (7), it was found that 
the mean RI of the obstructed kidneys in pregnant 
patients was significantly higher than the mean RI 
of the non-hydronephrosis kidneys of pregnant 
women and non-pregnant women of child-bearing 
age. Similarly, in the present study, a mean renal 
RI on the hydronephrosis side was 0.68±0.05 in 
patients with symptomatic persistent hydronephro-
sis (group 1) and 0.60±0.05 in patients with physi-
ological hydronephrosis (group 2). Moreover, our 
study revealed a mean ΔRI of symptomatic persis-
tent hydronephrosis of pregnancy that was signifi-
cantly higher than the mean ΔRI of physiological 
hydronephrosis of pregnancy. 
One study showed that the mean renal RI in 61 
asymptomatic pregnant women with at least unila-
teral pyelocaliectasis was 0.61±0.05 with no corre-
lation between trimester or degree of pyelocaliec-
tasis (13). Thus, an abnormal RI in the kidney of a 
pregnant patient cannot be explained on the basis 
of pregnancy alone; other disorders should be con-
sidered as potential etiological factors (13). 
One study showed that an elevated RI increased 
sensitivity 88% and specificity 98% in diagnosing 
ureteral obstruction (6). When the RI and ΔRI 
were considered positive (with a value of 0.70 or 
greater and 0.04 or greater, respectively), the RI 
was found to be sensitive in 45% and  specific in 
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91% of cases (7). The corresponding values for 
ΔRI were 95% and  100% of cases. In our study, 
based on the same cut-off values, the RI was sen-
sitive in 44.4% and specific in 92.1% of hydro-
nephrosis cases during pregnancy. In addition, we 
confirmed our previous observation that it is much 
better to consider the sensitivity and specificity of 
ΔRI than those of RI for diagnosis and therapeutic 
decisions in hydronephrosis during pregnancy.
Treatment modalities for urolithiasis during pre-
gnancy range from conservative treatments to more 
invasive procedures (14). Recently, URS has beco-
me a first-line approach to urinary calculi requiring 
intervention during pregnancy (15, 16). It has been 
found that URS is a safe and effective treatment for 
urolithiasis in pregnancy (15-19). We prefer URS 
instead of a JJ stent or PCN tube because of the abo-
ve complications. After lithotripsy, the ureteral JJ 
stent was inserted in 47% patients, and all of them 
were removed by cystoscopy under local anesthesia 
two weeks after the initial procedure. In the remai-
ning five patients, no stones were found, and urete-
ral JJ stents were inserted. The JJ stents were remo-
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ABSTRACT

Aim To evaluate the association of vitamin D (VD) deficiency 
with gonadotropins and sex hormone in obese and non-obese wo-
men with polycystic ovary syndrome (PCOS).

Methods Of the total of 140 women, thirty obese and thirty non-
obese, aged 20-40 years, were included in the study. Inclusion 
criteria were the women with normal level of thyroid-stimulating 
hormone (TSH), prolactin (PRL), parathyroid hormone (PTH), 
and calcium, and those who had not received any medication or 
VD supplementation within the last 6 months. Serum 25- hydroxy-
vitamin D (25(OH)D), C-reactive protein (CRP), lipid profile, fa-
sting serum glucose, basal insulin, homeostasis model analysis of 
insulin resistance (HOMA-IR) index, follicle-stimulating hormo-
ne (FSH), luteinizing hormone (LH), oestrogen, total testosterone, 
dehidroepiandrostendion-sulphat (DHEA-S), androstendione, and 
sex hormone binding globulin (SHBG) were determined at folli-
cular phase.

Results Body mass index (BMI), weight, waist, lipids, and CRP 
were significantly higher in obese than in non-obese PCOS wo-
men (p=0.000). Meanwhile, insulin and HOMA-IR were also hi-
gher in the obese PCOS (p<0.000), and so was the fasting glucose 
(p=0.004). Furthermore, obese PCOS showed significantly higher 
level of LH (p=0.012), but lower level of progesterone (p=0.001) 
and androstendione (p=0.006) than in non-obese PCOS. In total 
68% of PCOS women had VD deficiency but without significant 
difference among groups according to BMI. There was no asso-
ciation of VD deficiency with gonadotropins and sex hormones 
except SHBG.

Conclusion Insulin resistance was a better independent risk factor 
for the presence of vitamin D deficiency than SHBG. The insu-
lin resistance and vitamin D deficiency significantly predicted the 
obesity risk in PCOS women.

Key words: vitamin D, BMI, insulin resistance, SHBG
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INTRODuCTION

Vitamin D is deposited in adipose fat tissues, ma-
king it unavailable for the body to use; as a result, 
people who are overweight are already highly 
expected to have low levels of serum vitamin D 
(VD) (1). Vitamin D deficiency is associated with 
multiple health conditions including diabetes, 
cardiovascular diseases including stroke, depre-
ssion, dementia and other conditions (2). 
Polycystic ovary syndrome (PCOS) is a complex 
endocrine syndrome characterized by the com-
bination of reproductive irregularities, namely 
hyperandrogenism and chronic anovulation, with 
metabolic defects (3).
Regulation of aromatase (CYP19A1) and oestro-
gen production by VD has been extensively studied 
in tissue and cell lines from breast, adipose tissue, 
bone, and gonads (4). Interestingly, the reduced se-
rum oestrogen level was reversible following calci-
um supplementation, indicating that at least part of 
the impaired gonadal aromatase expression was due 
to hypocalcaemia (4). In contrast, the elevated lute-
inizing hormone (LH) level persisted and may the-
refore depend on additional factors besides calcium 
disproportion (5). The relationship between VD and 
sex hormones is complicated, because it is partly 
compensated by various mechanisms; for example, 
low serum VD levels by calcium mobilization due 
to elevated parathyroid hormone (PTH) secretion 
(6).  New association studies should therefore ad-
dress the relationship between sex hormones and 
VD levels by including additional factors such as 
calcium, PTH, phosphate, LH, oestrogen, and opti-
mally also bone mineral density (BMD), osteocal-
cin, insulin-like growth factor 1 (IGF1), fibroblast 
growth factor 23 (FGF23), body fat percentage, and 
glucose metabolism to determine causal associati-
ons that can be subsequently used as endpoints for 
validation in randomized clinical trials (7). 
Previous studies did not clarify the relationship of 
vitamin D with gonadotropin and sex hormones. 
Proving eventual connections to get a very sim-
ple marker would open the possibility of a simpler 
treatment of PCOS. The aim of this study was to 
evaluate the association of vitamin D deficiency 
with gonadotropins and sex hormone (including 
markers of metabolic risk, glucose, insulin and in-
sulin resistance) in obese and non-obese women 
with polycystic ovary syndrome. We further wan-

ted to test whether any relations observed were in-
dependent of a comprehensive range of potential 
confounding or effect-modifying factors.

PATIENTS AND METhODS

Patients

Patients recruited from Endocrinology Depar-
tment of the Clinical Centre of Sarajevo Univer-
sity had been examined in the last two years by 
an endocrinologist. All participants gave infor-
med consent for the research. The study was per-
formed according to the principles outlined in the 
Declaration of Helsinki and  in accordance with 
ethical recommendations of the Ethics Commi-
ttee of Clinical Centre of Ssarajevo University. 
Of the total of 140 women with PCOS diagnosed 
by respecting the Rotterdam criteria (oligoovula-
tion and/or anovulation, excess androgen activity 
and polycystic ovaries (by gynecologic ultraso-
und)) (8), thirty obese and thirty non-obese wo-
men, aged 20-40 years were included in the study. 
Out of 140 patients with PCOS, 80 patients were 
excluded because they did not have normal levels 
of thyroid-stimulating hormone (TSH), prolactin 
(PRL), PTH or calcium, they were treated with 
medicines or supplementation in  previous 6 mont-
hs, or  they did not complete analysis of vitamin D. 
Included patients were divided by body mass in-
dex (BMI) to non-obese (BMI ≤ 25 kg/m2) and 
obese (BMI > 25 kg/m2).  Inclusion criteria were 
normal level of TSH, PRL, PTH, and calcium 
and the patients had not received any medication 
or any vitamin D supplementation within the last 
6 months. Exclusion criteria were age less than 
20 or more than 40 years, presence of autoim-
mune, neoplastic, endocrine, metabolic, hepatic 
and cardiovascular disorders or other concurrent 
medical illnesses. 

Methods 

The procedures used were in accordance with the 
guidelines of the Helsinki Declaration on Human 
Experimentation and the Good Clinical Practice 
(CGP) guidelines. 
Serum 25- hydroxyvitamin D (25(OH)D vita-
min), C-reactive protein (CRP), lipid profile, fa-
sting serum glucose, basal insulin, homeostasis 
model analysis of insulin resistance (HOMA-
IR) index, follicle-stimulating hormone (FSH), 
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luteinizing hormone (LH), total testosterone, 
dehidroepiandrostendion-sulphat (DHEA-S), 
androstendione, and sex hormone binding globu-
lin (SHBG) were determined at follicular phase. 
Homeostasis model analysis (HOMA-IR) e.g. 
fasting glucose (mmol/L) × fasting insulin (μU/
mL)/22.5, was also calculated (9). 
Anthropometric measurements (height, weight, 
BMI and waist), Ferriman-Gallwey score and ul-
trasonography data were noted for each subject. 
Body mass index was calculated as weight in 
kilograms divided by the square of height in me-
ters (kg/m2). Blood pressure was measured using 
a standard protocol while seated. At baseline, fa-
sting serum 25(OH)D concentration was measured 
by radioimmunoassay. The season of all included 
measurements of serum 25(OH)D was autumn/
winter season (October through March). Referral 
levels of vitamin D were 20-50 ng/ml. Vitamin D 
deficiency was defined as 25(OH)D ≤ 20 ng/mL. 

Statistical analysis

Normal distribution was investigated using Kol-
mogorov–Smirnov test. Data were expressed as 
means (SD), medians (95% range) or absolute 
numbers (percentages) according to type of varia-
bles and normality of distributions. Statistical anal-
ysis of each parameter was carried out by Student’s 
t test or Mann-Whitney U test, as appropriate. In 
the next step variables without normal distribution 
were square root transformed to normalize distri-
butions. Pearson correlation coefficients were used 
to examine the relationships between variables. 
Intrapartial correlation analyses were additionally 
performed to detect independent relationships 
between variables. We used multiple linear regre-
ssion to assess the relationship between baseline 
circulating 25(OH)D (continuous), hormonal (con-
tinuous) and metabolic status (continuous). We 
adjusted for the potential confounding variables. 
The associations between clinical data and the pre-
sence of 25(OH)D were evaluated by logistic re-
gression analysis. We tested for statistical interac-
tion of 25(OH)D with HOMA-IR and SHBG by 
using product terms and likelihood ratio tests. The 
cut-off for statistical significance was 0.05.

RESuLTS

Clinical data of the patients included in the study 
are shown in Table 1 and Table 2.

Of the total of 140 women with diagnosed PCOS 
during 2011-2012 periods at the Endocrinology 
Department of the Clinical Centre of Sarajevo 
University, 60 were included in this study and di-
vided in two groups according to BMI: obese and 
non-obese women with PCOS.
There was no difference in age between the gro-
ups. The mean values of weight, BMI, waist cir-
cumference, cholesterol, triglycerides and CRP 
were significantly higher in obese PCOS women 
than in non-obese PCOS (p=0.000). Meanwhile, 
basal insulin and HOMA-IR were also higher in 
obese women with PCOS (p<0.000); so was the 

Variable Total  
population

Non-obese 
PCOS women

BMI ≤ 25 kg/m2

Obese PCOS 
women BMI 
> 25 kg/m2

p 

Number n (%) 60 (100%) 30 (50%) 30 (50%)
Age (y) 26.00 (20-40) 26.00 (21-39) 27.00 (20-40) 0.365

Weight (kg) 71.00 
(50-100)

63.00 
(50-73)

88.00 
(64-100) 0.000

BMI (kg/m2) 25.88 
(20.2 -38.67)

22.43 
(22.2 - 25.1)

31.03 
(26.7-38.67) 0.000

Waist (cm) 82.00 
(68-120)

79.00 
(68-81)

98.00 
(83-120) 0.000

Cholesterol 
(mmol/l)

5.52 
(0.82)

5.03 
(0.63)

6.01 
(0.69) 0.000

Triglycerides 
(mmol/l)

1.99 
(1.1-4.92)

1.60 
(1.1-2.52)

2.43 
(1.53-4.92) 0.000

CRP (mg/l) 2.80 (1-5.8) 2.05 (1-5) 3.20 (1.9-5.8) 0.000
Glucose 
(mmol/l)

5.10 
(4-6.9)

5.00 
(4.4-5.7)

5.45 
(4-6.9) 0.004

Insulin 
(mIU/l)

16.27 
(11.38-25.92)

14.33 
(11.38-21.89)

20.01 
(12.53-25.92) 0.000

HOMA-IR 4.01 (0.98) 3.38 (0.59) 4.65 (0.89) 0.000

FSH (IU/l) 5.00 
(2.5-12)

4.50 
(2.5-12)

5.60 (2.6-
10.3) 0.076

LH (IU/l) 14.25 (5.50) 12.48 (5.44) 16.01 (5.06) 0.012
LH/FSH 2.73 (1.07) 2.60 (1.14) 2.86 (1.01) 0.371
oestradiol 
(pmol/l)

110.50 
(73-458)

108.00 
(74-458)

123.50 
(73-284) 0.258

Progesterone 
(nmol/l)

10.80 
(4.8-27)

14.00 
(7-27)

9.60 
(4.8-26) 0.001

Testosterone 
(nmol/l)

2.40 
(1.7-4.7)

2.45 
(1.7-4.7)

2.20 
(1.8-4.6) 0.094

Androstendio-
ne (ng/ml)

2.60 
(1.3-5)

2.85 
(1.3-5)

2.40 
(1.3-4.6) 0.006

DHEAS 
(mcg/dl)

357.45 
(84.75)

376.76 
(83.85)

338.13 
(82.51) 0.077

SHBG 
(nmol/l)

13.5 
(9-32)

13.00 
(9-32)

13.50 
(9-24) 0.994

Vitamin D 
(nmol/l)

11.0 
(4-40)

14.5 
(4-40)

10.5 
(4-31) 0.066

Vitamin D 
≤ 20 nmol/l

41 
(68%)

22 
(37%)

19 
(31%) 0.054

Vitamin D 
> 20 nmol/l

19 
(32%)

8 
(14%)

11 
(18%) 0.054

Menstrual 
irregularity

28 
(47%)

13 
(22%)

15 
(25%) 0.117

Hirsutism 32 (53%) 15 (25%) 17 (28%) 0.121

Table 1. The baseline characteristics of study population* 

*Values are expressed as means (SD), medians (95% range) or abso-
lute numbers (percentages) according to type of variables and norma-
lity of distributions; PCOS, polycystic ovary syndrome; BMI, body 
mass index; CRP, C-reactive protein; HOMA-IR, homeostasis model 
analysis of insulin resistance; FSH, follicle-stimulating hormone; 
LH, luteinizing hormone; DHEAS, dehidroepiandrostendion-sulphat; 
SHBG, sex hormone binding globulin
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fasting glucose level (p=0.004). Furthermore, obe-
se patients with PCOS showed significantly higher 
level of LH (p=0.012), but lower level of proge-
sterone (p=0.001) and androstendione (p=0.006) 
than in non-obese PCOS. However, there were no 
significant differences among the groups as related 
to FSH, LH/FSH, oestrogen, testosterone, DHEA-
S, SHBG, vitamin D, VD deficiency, menstrual 
irregularity, and hirsutism (Table 1).
In total 41 (68%) of women with PCOS had 
VD deficiency but without significant difference 
among the groups according to BMI (p=0.054), 22 
(37%) were non-obese and 19 (31%) were obese.
In addition, PCOS women with VD deficiency 
had higher level of fasting glucose, fasting in-
sulin, HOMA-IR (p=0.000) and LH (p=0.031), 
and lower level of SHBG (p=0.000) than PCOS 
women with referral level of VD (Table 2). The-
refore, with a decrease of 25(OH)D, there was 
a significant increase in fasting glucose, fasting 
insulin, HOMA-IR, and LH, and significant de-
crease in SHBG (p=0.000) (Table 2). 

Multiple regression model was performed to eva-
luate the risk of Vitamin D deficiency in PCOS 
women as a function of anthropometric, metabo-
lic and hormonal values (Table 3). The model in-
cluded HOMA-IR (p=0.000), LH (p=0.004) and 
SHBG (p=0.000). Adjusted R square of the model 
was 0.732 (p=0.000) and it explained 73% of total 
variance. Standardised Coefficients were signifi-
cant for HOMA-IR (0.56) and SHBG (0.50). It was 
revealed that the presence of deficiency of vitamin 
D in PCOS women was associated with HOMA-
IR and SHBG as independent predictors. There 
was no association of vitamin D deficiency with 
gonadotropins and sex hormones except SHBG.

Variable Vitamin D3 
≤ 20 nmol/L

Vitamin D3 
> 20 nmol/L p 

Number (%) 41 (68%) 19 (32%)
Age (y) 26.00 (21-39) 27.00 (20-40) 0.251
Weight (kg) 63.00 (50-73) 88.00 (64-100) 0.305

BMI (kg/m2) 22.43 
(22.2 - 25.1)

31.03 
(26.7-38.67) 0.097

Waist (cm) 79.00 (68-81) 98.00 (83-120) 0.109
Cholesterol (mmol/l) 5.51 (0.88) 5.53 (0.68) 0.942
Triglycerides (mmol/l) 1.60 (1.1-2.52) 2.43 (1.53-4.92) 0.702
CRP (mg/l) 2.05 (1-5) 3.20 (1.9-5.8) 0.594
Glucose (mmol/l) 5.45 (4-6.9) 5.00 (4.4-5.7) 0.000

Insulin (mIU/l) 20.01 
(12.53-25.92)

14.33 
(11.38-21.89) 0.000

HOMA-IR 4.45 (0.86) 3.07 (0.40) 0.000
FSH (IU/l) 4.50 (2.5-12) 5.60 (2.6-10.3) 0.880
LH (IU/l) 15.28 (5.51) 12.02 (4.92) 0.031
LH/FSH 2.85 (0.78) 2.47 (1.51) 0.206
oestradiol (pmol/l) 108.00 (74-458) 123.50 (73-284) 0.280
Progesterone (nmol/l) 14.00 (7-27) 9.60 (4.8-26) 0.332
Testosterone (nmol/l) 2.45 (1.7-4.7) 2.20 (1.8-4.6) 0.351
Androstendione 
(ng/ml) 2.85 (1.3-5) 2.40 (1.3-4.6) 0.108

DHEAS (mcg/dl) 352.63 (85.87) 367.84 (83.59) 0.523
SHBG (nmol/l) 13.00 (9-32) 13.50 (9-24) 0.000
BMI >25kg/m2 19 (31%) 11 (18%) 0.066
BMI ≤ 25 kg/m2 22  (37%) 8 (13%) 0.054
Menstrual irregularity 19 (32%) 9 (15%) 0.067
Hirsutism 22 (37%) 10 (16%) 0.082

Table 2. Characteristics of study population according to 
Vitamin D deficiency*

*Values are expressed as means (SD), medians (95% range) or abso-
lute numbers (percentages) according to type of variables and norma-
lity of distributions. BMI, body mass index; CRP, C-reactive protein; 
HOMA-IR, homeostasis model analysis of insulin resistance;  FSH, 
follicle-stimulating hormone; LH, luteinizing hormone; DHEAS, de-
hidroepiandrostendion-sulphat; SHBG, sex hormone binding globulin

Model Standardized Coefficients (B) p
HOMA-IR 0.563 0.000
LH 0.071 0.322
SHBG -0.502 0.000

Table 3. Multiple regression analysis of hormonal values to 
predict the presence of Vitamin D deficiency*

*linear regression coefficients; HOMA-IR, homeostasis model 
analysis of insulin resistance; LH, luteinizing hormone; SHBG, sex 
hormone binding globulin

Covariates B Odds ratio
95% CI for odd ratio

p
Lower Upper

SHBG 0.218 1.244 0.974 1.590 0.081
HOMA-IR -4.286 0.014 0.001 0.197 0.002

Table 4. Logistic regression model of vitamin D deficiency 
risk in women with polycystic ovary syndrome*

* B coefficients, odds ratios (with 95% confidence intervals); SHBG, 
sex hormone binding globulin; HOMA-IR, homeostasis model 
analysis of insulin resistance 

Therefore, the three covariates, including HO-
MA-IR, SHBG and the presence of deficiency of 
vitamin D, were analysed in the logistic regre-
ssion model (Table 4). The results demonstrated 
that HOMA-IR (odd ratio 0.014; p=0.002) was 
a better independent risk factor for the presence 
of  vitamin D deficiency than SHBG (odd ratio 
1.244; p=0.081). The model was statistically si-
gnificant (p=0.000). Sensitivity of the model was 
68% and specificity 88%. SHBG was not an in-
dependent factor for the presence of vitamin D 
deficiency (p>0.05).

Obesity risk in PCOS women was also analysed 
(Table 5). Logistic regression model demonstra-
ted that HOMA-IR (odd ratio 6.819; p=0.000) 
and vitamin D deficiency (odd ratio 4.896; 
p=0.009) significantly predicted the obesity risk, 
while SHBG was not significantly associated 
with obesity risk (odd ratio 1.072; p=0.43). The 
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model with all included predictors was statisti-
cally significant (p=0.000). Obesity was signifi-
cantly connected with vitamin D deficiency.

DISCuSSION

In women with PCOS, low vitamin D levels are 
associated with obesity, metabolic, and endocrine 
disturbances and vitamin D supplementation mi-
ght improve menstrual frequency and metabolic 
disturbances in those women (10). 
Furthermore, to our knowledge, this study is one 
of the rare describing association of vitamin D 
deficiency with gonadotropins and sex hormone 
in PCOS women. The present study showed that 
in total 68% of women with PCOS had VD defi-
ciency but without significant difference between 
groups according to BMI. Vitamin D deficiency is 
common in women with PCOS, with 67-85% of 
women with PCOS having serum concentrations 
of 25(OH)D <20 ng/mL (11). The prevalence of in-
sufficient 25(OH)D levels (<30 ng/mL) was 72.8% 
in women with PCOS in the Wehr et al. study (12). 
Low 25(OH)D (25(OH)D < 50 nmol/L) was de-
tected in 37% of the entire cohort of patients (13). 
Vitamin D deficiency may exacerbate symptoms 
of PCOS, with observational studies showing 
lower 25(OH)D levels were associated with in-
sulin resistance, ovulatory and menstrual irre-
gularities, lower pregnancy success, hirsutism, 
hyperandrogenism, obesity, and elevated cardio-
vascular disease risk factors (11). Multiple regre-
ssion analysis of our data revealed that the pre-
sence of deficiency of vitamin D in PCOS women 
was associated with HOMA-IR and SHBG. Vita-
min D has an important role in the pathogenesis 
of insulin resistance in PCOS (14). The results 
in this study demonstrated that HOMA-IR was a 
better independent risk factor for the presence of 
vitamin D deficiency than SHBG in women with 
PCOS (14). Low 25(OH)D level in PCOS wo-
men is associated with obesity and insulin resi-

Covariates B Odds ratio
95% CI for odd ratio

p
Lower Upper

SHBG 0.070 1.072 0.902 1.275 0.430
HOMA-IR 5.080 6.819 1.898 13.732 0.000
Vitamin D 
deficiency 3.711 4.896 2.487 6.723 0.009

Table 5. Logistic regression model of obesity risk in women 
with polycystic ovary syndrome*

*B coefficients, odds ratios (with 95% confidence intervals); SHBG, 
sex hormone binding globulin; HOMA-IR, homeostasis model 
analysis of insulin resistance 

stance but not with PCOS per se (15). Ardabili et 
al. (15) were not able to demonstrate the effect of 
vitamin D supplementation on insulin sensitivity 
and insulin resistance in women with PCOS, and 
vitamin D deficiency in their study.
In our research obesity was significantly connec-
ted with vitamin D deficiency.
Present data demonstrated that HOMA-IR and 
vitamin D deficiency  significantly predicted the 
obesity risk, while SHBG was not significantly 
associated with obesity risk. In the PCOS cohort 
study of Hahn et al. (16), 25(OH)D concentration 
was negatively correlated with body mass index, 
body fat, HOMA-IR, hyperinsulinemia and leptin 
level, and positively correlated with HDL chole-
sterol. Muscogiuri et al. (13) demonstrated that in 
PCOS low 25(OH)D levels are significantly de-
termined by the degree of adiposity. Women with 
PCOS and metabolic syndrome had lower 25(OH)
D levels than PCOS women without these featu-
res (12). The investigators found significantly ne-
gative correlations of 25(OH)D levels with BMI, 
waist circumference, waist-to-hip ratio, systolic 
and diastolic blood pressure, fasting and stimu-
lated glucose, area under the glucose response 
curve, fasting insulin, HOMA-IR, HOMA-beta, 
triglycerides, and quotient total cholesterol/high-
density lipoprotein (HDL) and positive correlation 
of 25(OH)D levels with QUICKI and HDL (12). 
There was no association of vitamin D deficien-
cy with gonadotropins and sex hormones except 
SHBG. Analysis of vitamin D and biochemical 
endocrine PCOS features revealed a significant 
correlation only between 25(OH)D and sex hor-
mone-binding globulin as well as the free an-
drogen index (16). BMI resulted to be the best 
predicting factor of 25(OH)D levels, whereas 
SHBG, Free Androgen Index, glucose uptake, 
and fat free mass were not (13). 
Wehr et al. (17) observed a significant decrease of 
fasting glucose, stimulated glucose and C-peptide 
levels after vitamin D treatment. There were no 
changes in androgens. Their results suggest that 
vitamin D treatment might improve glucose meta-
bolism and menstrual frequency in PCOS women. 
Our results confirm findings of a small number 
of studies about the association of vitamin D 
with gonadotropin and sex hormones. The main 
limitation of this study was the small number of 
participants. 
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In conclusion, insulin resistance was a better in-
dependent risk factor for the presence of vitamin 
D deficiency than SHBG in women with PCOS. 
Insulin resistance and vitamin D deficiency signi-
ficantly predicted the obesity risk. Further pros-
pective studies are needed to confirm the associ-
ation of vitamin D deficiency with gonadotropins 
and sex hormones in patients with PCOS.
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Procjena povezanosti nedostatka vitamina D s gonadotropnim i 
spolnim hormonima u pretilih i žena koje nisu pretile sa sindro-
mom policističnih jajnika
Zelija Velija-Ašimi 
Klinika za endokrinologiju, dijabetes i bolesti metabolizma, Klinički centar Univerziteta u Sarajevu, Sarajevo, Bosna i Hercegovina 

SAŠETAK 

Cilj  Ispitati povezanost vitamina D (VD) s gonadotropnim i spolnim hormonima u pretilih i žena koje 
nisu pretile sa sindromom policističnih jajnika (PCOS).

Metode  Od ukupno 140 žena, u studiju je uključeno trideset pretilih i trideset žena koje nisu pretile, u 
dobi od 20 do 40 godina. Kriteriji uključenja bili su: ispitanice s normalnom razinom tireostimulirajućeg 
hormona (TSH), prolaktina (PRL), paratiroidnog hormona (PTH) i kalcija, te da nisu uzimale lijeko-
ve ili VD u posljednjih šest mjeseci. Serumski 25- hidroksivitamin D (25(OH)D), C-reaktivni protein 
(CRP), lipidni profil, glukoza natašte, bazalni inzulin, homeostazni model analize inzulinske rezisten-
cije (HOMA-IR) indeks, folikulo-stimulirajući hormon (FSH), luteinizirajući hormon (LH), estrogen, 
ukupni testosteron, dehidroepiandrostendion-sulfat (DHEA-S), androstendion i globulin za vezivanje 
seksualnih hormona (SHBG) određivani su u folikularnoj fazi.

Rezultati  Indeks tjelesne mase (BMI), težina, obim struka, razina lipida i CRP, bili su značajno viši u 
pretilih u odnosu na nepretile žene s PCOS-om (p = 0.000). Inzulin i HOMA-IR također su bili veći u 
pretilih žena (p <0.000), kao i glukoza natašte (p = 0,004). Osim toga, pretile žene s PCOS-om pokazale 
su značajno višu razinu LH-a (p = 0,012), ali nižu razinu progesterona (p = 0,001) i androstendiona (p 
= 0,006). 

Zaključak  Inzulinska rezistencija je bolji neovisni faktor rizika za deficit vitamina D u odnosu na 
SHBG. Inzulinska rezistencija i deficit vitamina D su značajni prediktori pretilosti u žena s PCOS-om.

Ključne riječi: vitamin D, BMI, inzulinska rezistencija, SHBG
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ABSTRACT

Aim To investigate the role of sex hormones in the modulation of 
specific cognitive functions across the menstrual cycle of young 
healthy women, and to apply improved study design by addressing 
limitations recognized in previous studies. 

Methods A homogenous group of 16 young healthy women, with 
no history of health problems related to menstrual cycle, major 
psychiatric and neurological disorders or addictions was included 
in study.  All participants were medical students of similar age 
(21.56±0.15 year). They were subjected to various cognitive tasks 
at three different phases of the menstrual cycle: early follicular 
phase, proven ovulatory phase and mid-luteal phase. Special con-
cern was taken to validate blood hormone levels and to determine 
preovulatory luteinizing hormone (LH)-peak. 

Results Analysis of blood hormone levels confirmed that the test 
sessions were performed at appropriate time points. Most women 
were presented with the above average results on utilized cognitive 
tasks, with no significant changes in immediate memory, working 
memory, delayed recall, verbal learning, delayed verbal learning 
or verbal fluency in any phase of the menstrual cycle. In addition, 
test results did not correlate to measured hormone levels.

Conclusions The results suggest that changes in estrogen and 
progesterone levels during each menstrual cycle did not affect 
women’s everyday functioning to any significant extent. 

Keywords: menstruation, estrogen, progesterone, cognition
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INTRODuCTION 

It has been observed that women’s cognitive functi-
oning changes during their lifetime. This change in 
cognitive functioning has been attributed to fluctu-
ations of estrogen (E2) and progesterone (PROG) 
(1). Investigations in the field of neurobiology have 
given evidence that sex hormones could govern 
some cognitive processes and are important for 
preservation and protection of normal brain struc-
tures (2). In contrary, latest studies on the effects 
of hormone replacement therapy (HRT) on the co-
gnitive well-being in postmenopausal women have 
demonstrated disappointing results (3-6).
Estrogenic influence on the brain starts very ear-
ly in prenatal life and continues throughout the 
postnatal period, when it seems to take part in 
sex specific organization of the brain (2,7). Its 
diverse effects can be explained by a diffuse dis-
tribution of E2 receptors (ER) in the brain and 
the influence of E2 on neurotransmitter systems 
(8-10). E2 receptor beta (ERβ) is thought to me-
diate cognitive rather than reproductive proce-
sses and appears to be the main ER subtype (11-
13).  Functional neuroimaging studies of women 
while undergoing specific cognitive tasks have 
demonstrated an association between tested co-
gnitive functions and specific activated brain re-
gions (14). It has also been demonstrated that E2 
modulates the structure and function of the dorsal 
hippocampal formation, an area of the brain that 
governs memory and learning (15).
The effects of PROG on the brain are less known. 
PROG receptors (PR) have been found in the frontal 
cortex where its metabolites pregnanolone and allo-
pregnanolone bind to the GABA-A receptor com-
plex, potentiating GABAergic inhibitory mechani-
sms (16-19). Studies suggest that PROG could play 
an important role in facilitating cognition (20-22).
In contrast, recent meta-analyses on high number 
of randomized control trials on the effects of HRT 
and E2 replacement therapy (ERT) have yielded 
disappointing results (3-6). These studies showed 
that ERT and HRT do not prevent cognitive de-
cline in older postmenopausal women when giv-
en as short term or longer term (up to five years) 
therapy (5). Some positive effects were mainly 
seen in short term studies (<4 months) (4). In ad-
dition, long term (HRT) application increased the 
risk of cancer (23,24). 

Influence of cyclic changes in E2 and PROG on 
basic cognitive functions like immediate learning 
and verbal fluency have been studied previously, 
but with somewhat inconsistent results. Several 
methodological problems have often been cited as 
the main limitation in published studies related to 
the effect of sex hormones on cognitive functions. 
For example, a) inappropriate selection of cycle 
phases, b) a large inter-individual variability in 
cognitive function, due to non-homogenous gro-
ups of subjects which could affect the reliability 
of the interpretation of the results; c) utilization 
of non-standardized tests for measurement of sex 
hormone concentrations in blood and d) estimati-
on of cycle phase by counting days backwards to 
the first day of menstruation rather than including 
ovulatory (O) phase of the menstrual cycle, using 
homogenous group of women (according to the 
age and intellectual status), application of stan-
dardized tests and proving the correct selection of 
cycle phase by determination of blood hormone 
levels and LH from the urine (25,26). 
The aim of present study was to investigate the 
influence of hormonal changes during the men-
strual cycle on several cognitive functions, under 
the condition of an improved experimental met-
hodology. Young medical students, an intellec-
tually homogenous group participating in this 
study, who were of approximately the same age, 
were tested three times: (a) during low E2 and 
PROG level (EF phase - menstruation, early fo-
llicular phase), (b) when the E2 and PROG levels 
were high (ML phase - midluteal phase) and (c) 
in the ovulatory phase (O phase) when the E2 le-
vel is the highest and PROG is low. The O phase 
was included to differentiate between the inde-
pendent influences of E2 and PROG on a single 
cognitive function. 

EXAMINEES AND METhODS 

Participants

In order to get more convincing results we appli-
ed a controlled design to our study, with strict and 
well defined rules (as described bellow).
Thirty six healthy young women aged 20-23 (M 
21.56±0.15 year), all students at the School of 
Medicine Josip Juraj Strossmayer, University 
of Osijek (Croatia), volunteered to participate in 
this study. Participants were selected based on 
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the results of a survey carried out among second 
to fourth year medical students who were inter-
ested in participating in this study.  The selected  
young women (a) had regular menstrual cycles 
(i.e. 28 ± 2 days) with no history of skipping cy-
cles, (b) were not using oral contraceptives (OC) 
six months prior to engagement in this study, (c) 
had negative history of major neurological or 
psychiatric disease, (d) had no evidence of alco-
hol abuse or any kind of addictions and (f) were 
not using medications that are known to influence 
the central nervous system. All 36 young women 
who participated in this study met the inclusion 
criteria (assessed by a questionnaire prior to in-
clusion in the study). However, 17 women did 
not finish all three test sessions, either because 
they could not confirm ovulatory cycle (by lu-
teinizing hormone (LH)-urinary strips, n=11) or 
because they did not show up on one or more test 
sessions (n=6). The study was done in collabora-
tion with the Clinical Hospital Center Osijek. 
All participants gave their written informed con-
sents and did not receive any compensation for 
taking part in this study.  The study conformed 
to the standards set by the latest revision of the 
Declaration of Helsinki and it was approved by 
the Ethical Committee of the School of Medicine 
Osijek, Croatia.

Test sessions

Cognitive tasks were performed in three differ-
ent phases of the menstrual cycle: (a) from the 
2nd to the 4th day of the menstrual cycle in the EF 
phase (menstruation, early follicular phase), (b) 
in the confirmed O phase, and (c) 7 to 9 days post 
ovulation in midluteal phase (ML) phase. Most 
of the tested women (11/16.69%) completed the 
test sessions in the following order: EF, O, ML 
phase. Of these women, six were tested during a 
single menstrual cycle, whereas others were test-
ed throughout at least two separate cycles. Five 
out of 16 women (31%) were tested in one of the 
different orders: O, ML, EF; ML, EF, O; EF, ML, 
O or O, EF, ML.  
To confirm the date of ovulation, ELISA-based 
LH urinary strips were used (Biostrip LH Ovu-
lation Test, Innovatek Medical inc.,Vancouver, 
B.C., Canada). Hormone levels in the assigned 
phases of the menstrual cycle were assessed from 
venous blood to confirm menstrual cycle phases. 

Their mood was not assessed in this study, but the 
earliest (day 1) and last (day 25-28) cycle days 
were excluded to minimize the effect of cycle-re-
lated variations in the mood (27). In addition, the 
women were questioned for known symptoms of 
premenstrual syndrome.
Each test session was performed at the same part 
of the day to avoid circadian rhythm changes. 
One complete test session took 40 minutes.

hormone levels

Serum levels of estrogen (E2), progesterone 
(PROG), luteinizing hormone (LH), follicular 
stimulating hormone (FSH) and testosterone 
(TESTO) were assessed from venous blood. The 
blood was taken at the beginning of each test ses-
sion and immediately delivered to the Department 
of Nuclear Medicine and Radiation Protection at 
Clinical Hospital Centre Osijek; standard radioim-
munoassay (RIA) kits were used (BioSource Eu-
rope S.A., Belgium). To confirm the preovulatory 
increase of LH, before the results of hormone lev-
els measured from venous blood were available, 
commercial ELISA-based LH urinary stripes (Bi-
ostrip LH Ovulation Test, Innovatek Medical inc., 
Vancouver, B.C., Canada) were used.  

Cognitive tasks

To examine global cognitive functions, the alter-
nate form of Rey’s Auditory verbal Learning Test 
(AVLT) published by Lezak in 1995 was utilized 
(28). This cognitive task has shown to reflect not 
only specific verbal learning and memory, but 
also global cognitive functions (29-31). At each 
test session two lists (A and B) of 15 words were 
used, for repeated tests parallel lists of words 
were available. Five presentations of the list A 
were given, each followed by attempted recall. 
The first trial of the AVLT is a measure of imme-
diate memory. After five trials a second 15-word 
list (list B, distraction list) was read and followed 
by a recall trial of this list and then another recall 
trial of the list A (measure of delayed recall). Af-
ter a delay interval of 30 minutes and no further 
presentations of the lists, delayed verbal memory 
was assessed by recall trial of the list A. 
Each participant underwent three types of verbal 
fluency tests: phonemic, semantic and ideational 
(28). Each test consisted of trials (90 second du-
ration) directing participants to generate as many 
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words as possible (a) that began with a particular 
letter (‘F,’ ‘A’ or ‘S’) excluding proper names and 
variations of the same word, (b) that were exem-
plars of an unprimed semantic category (e.g. ani-
mals) or (c) that were exemplars of an unprimed 
ideational category (e.g. metal objects). The final 
score was given as a number of correct words ge-
nerated during the first 60 seconds.
The Auditory Digit Span Task (ADST) is one of 
the Wechsler‘s group of intelligence tests used to 
access the immediate and working memory fun-
ction (32,33).  A list of random numbers was used 
and read out loud at the rate of one per second. 
The participants were asked to repeat an incre-
asing array of numbers in backwards (working 
memory) or forward order (immediate memory) 
until they committed an error. 
The d2 Attention Loading Test was construc-
ted by German psychologist Rolf Brickenkamp 
in 1962. We used an updated and revised form 
published in 1994. The d2 attention loading test 
is one of the general competence tests that has 
been used for measuring attention and ability to 
concentrate – sustained attention.  In the present 
study, an official form of the attention loading 
test was used (Copyright by Hogrefe –Verlag 
GmbH & Co, KG Göttingen, 1994). It is a timed 
test composed of the letters „d“ and „p“ with one, 
two, three or four dashes arranged either indivi-
dually and/or in pairs above and below the letter. 
There are 14 lines of 47 characters each. Subjects 
were given 20 seconds to scan each line and cross 
all the „d“ marked with two dashes.
The test analysis appoints quality and quantity of 
processed data, in general and during the time of 
the test. Several variables were used for the test 
analysis, as follows: TN – total number of proce-
ssed data, E – total errors (OE – omitted errors 
+ RE – replacing errors), TN-E – quantitative 
measure defined by total number of processed 
data minus number of total errors,  MC – mean 
concentration, qualitative measure calculated as 
a number of correctly processed data reduced for 
number of omitted errors. MC is a variable that 
protects from possible cheating on the test (ran-
dom data processing cannot increase MC). 
The Digit Symbol Substitution Test (DSST) is 
also a part of Wechsler‘s Adult Intelligence Test, 
which has been used to evaluate attention, per-
ceptual speed, motor speed, visual scanning and 

memory. The test consists of 9 digit-symbol 
pairs (e.g. 1/-, 2/┴ ... 7/Λ, 8/X, 9/=) followed by 
a list of digits. During the examination subjects 
were asked to substitute numbers on the list with 
corresponding symbols within a limited time 
period (120 seconds). The success on the test is 
reported as the number of correctly substituted 
symbols. Nevertheless, many of our participants 
were able to finish the task in less than 120 se-
conds preventing us from measuring the fine dif-
ferences between the test sessions. Therefore, the 
results of the tests could not be presented here.

Statistical analysis 

The sample size required for significant effect on 
studied variables was calculated on preliminary 
data in 9 subjects with alpha=0.05 and statisti-
cal power of 80% for paired t-test and ANOVA, 
showing a needed sample size of 16 participants. 
All data values are presented as means ± SEM 
and were analyzed by one-way ANOVA repeated 
measures or Friedman repeated measures anal-
ysis of variance on Ranks followed by post hoc 
Holm-Sidac or Tukey tests, when appropriate 
Paired t-test was used to compare differences 
between the two groups. Correlation between 
hormone levels and scores achieved on certain 
cognitive tasks were analyzed by Spearman rank 
of order. Data distribution was tested by Shapiro-
Wilk normality test. The level of statistical sig-
nificance was determined at p<0.05.

RESuLTS

Three of the 19 (3/19) participants that comple-
ted all three test sessions were excluded from the 
data analysis, because their hormone levels did 
not show the expected fluctuations over the men-
strual cycle. Therefore, the results are based on 
data from sixteen healthy, normally cycling yo-
ung women (M 23±0.25 year; range 22-24).
The serum concentrations of hormones (taken at 
the time of testing) showed that the participants 
underwent cognitive test sessions at appropriate 
points of the menstrual cycle. All measured hor-
mone levels were congruent with referent values 
set by the routine diagnostic laboratory where 
the blood was analyzed. The LH and E2 were 
the highest in the O phase which, together with 
the positive result of the ovulation detection kit, 
showed that all participants had ovulatory cycles 
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and were tested on time. The E2 level during ML 
phase was at least twice as high as in EF pha-
se (p<0.001). The E2 level in the O phase was 
significantly higher than in the ML or EF pha-
se in all tested women (p<0.001). The highest 
PROG level was in the ML phase of the cycle 
(p<0.001). All participants had TESTO concen-
trations equal to referent values during the en-
tire menstrual cycle (referral values: 0.38-2.74 
nmol/L) (Figure 1 A-D). 

All tested women showed above average results 
in most of the performed tasks for evaluation of 
cognitive function (Table 1 and 2). In addition, 
the results on the Digit Symbol Substitution Task 
(DSST) test could not be analyzed as most of the 
participants were able to finish their test before 
the testing time (120 sec) expired. 
There was no significant difference found among 
phases in immediate memory measured as a num-
ber of correctly recalled words after the first rea-

Cognitive function Task
Cycle phase

P-value* n
EF phase O phase ML phase

Immediate memory
AVLT (1) - first trial 8.20±0.45 8.56±0.43 8.63±0.52 0.619 16

ADST - forward 7.63±0.32 7.81±0.26 7.44±0.32 0.336 16

Verbal learning

AVLT (2) - second trial 12.00±0.41 11.75±0.39 11.25±0.66 0.543 16
AVLT (3) - third trial 13.53±0.19 12.81±0.29 13.13±0.50 0.037 16

AVLT (4) - fourth trial 14.13±0.19 13.75±0.36 13.56±0.39 0.862 16
AVLT (5) - fifth trial 13.80±0.33 14.44±0.18 13.94±0.32 0.126 16

Delayed recall AVLT - delayed recall 12.47±0.60 13.19±0.41 13.19±0.52 0.322 16
Working memory ADST - backwards 6.25±0.41 6.25±0.38 6.31±0.37 0.918 16
Delayed verbal memory AVLT - late recall 13.00±0.48 13.69±0.36 12.94±0.57 0.150 16

Verbal fluency
Semantic task 25.94±1.76 25.13±1.96 27.00±1.70 0.252 16
Ideational task 13.27±0.99 12.88±1.25 15.19±1.31 0.245 16
Phonemic task 34.63±3.92 36.50±3.78 36.63±4.27 0.853 8

Attention - all d2 test  TN-E 519.13±19.20 547.13±16.35 580.38±15.23 <0.001 16
d2 test   MC 216.19±9.74 233.19±9.00 248.63±8.61 <0.001 16

Attention – randomized
(by phase) d2 test  TN-E 590.60±21.44 549.20±39.07 588.40±26.63 0.270 5

d2 test   MC 254.40±13.16 233.80±22.77 253.80±16.16 0.379 5
Cognitive function Task Test session

1st 2nd 3rd
Attention – randomized
(by the order of test sessions)

d2 test  TN-E 534.60±36.28 587.80±26.74 605.80±15.83 0.008 5
d2 test   MC 222.80±20.02 252.40±16.22 266.80±10.29 0.002 5

Table 1. Scores achieved on tested cognitive tasks

Figure 1. Levels of A) estrogen (E2), B) progesterone (PROG), C) luteinizing hor-
mone (Lh) and D) follicle-stimulating hormone (FSh) at the time of test sessions 
EF, early follicular phase, O, ovulatory phase, ML, mid-luteal phase of the menstrual 
cycle. *statistically significant difference p=0.001
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ding in AVLT and as a number of correctly repeated 
numbers in forward order in ADST, respectively 
(Table 1). Having compared the phases, there was 
no significant difference in delayed recall or de-
layed verbal memory measured by AVLT. The 3rd 
recall in AVLT test was significantly reduced in O 
phase compared to EF phase, but not ML phase 
(p=0.037). This change could not be connected to 
hormone variations and its impact remains negli-
gible as no similar tendency could be observed in 
other four recalls. In addition, the learning curve 
was of normal shape in O phase (Figure 2). There 
was no difference among any of the other recalls 
between the phases of the menstrual cycle. The 
learning curve in EF phase was slightly altered, 
showing decrease in 5th recall (Figure 2). This de-
crease was not significant when compared to sco-
res achieved on 4th or 3rd recall. However, the score 
achieved on 5th recall was more frequently lower 
than the one achieved on 4th recall in EF phase 
when compared to O and ML phase (5/16 vs 2/16). 
Verbal fluency (phonemic, semantic or ideational) 
did not vary among the menstrual cycle in tested 
subjects. Working memory was tested by ADST 
backwards and did not change among the cycle.
First analysis of d2 attention loading task, inclu-
ding all 16 participants showed a significantly 

better performance (as measured by TN-E and 
MC) in the ML phase as compared to the EF phase 
of the cycle (p<0.001) (Table 1). However, further 
analysis of five participants that underwent test se-
ssions in one of the randomized orders revealed 
that the test was susceptible to negative effects of 
anxiety caused by the limited time interval for the 
given task. Reduced level of anxiety by repeated 
test sessions resulted in significantly improved re-
sults achieved on the d2 test. The results of our 
study revealed that the d2 attention loading task 
can be learned by repeated testing, even when the-
re was a period of a few weeks between the test 
sessions. Therefore, the results of d2 test had to 
be discharged. (TN-E and MC were p=0.008 and 
p=0.002, respectively) (Table 1). Further evidence 
was found when their results on d2 task were com-
pared ordered by phase of the menstrual cycle, 
where we found no significant difference (TN-E 
and MC were p=0.270 and p=0.379, respectively) 
(Table 1). Each of five of these women had an in-
creasing TN-E and MC score on repeated test se-
ssions. In addition, there was no significant corre-
lation found between test results and measured 
hormone levels for any of the used tasks (Table 3).

DISCuSSION

Although several studies have demonstrated chan-
ges in the working memory and verbal fluency du-

Cognitive function Task Scores*

Immediate memory
AVLT - immediate recall .90† = 9.5

ADST - forward 7 ± 2‡
Working memory ADST - backwards 6 ± 2‡

Verbal fluency
Semantic task > 21‡
Phonemic task > 21‡
Ideational task > 21‡

Attention
d2 test  TN-E 1.10†  = 459
d2 test   MC 1.10† = 199

Table 2. Normative data of cognitive tasks used in this study

*above average scores, officially defined by test are presented; †refers 
to percentiles; ‡ above average absolute score achieved on the test

Cognitive 
function Task

E2 PROG
r p* n r p* n

Immediate 
memory

AVLT (1) 
- first trial 0.114 0.442 48 0.140 0.348 48

ADST 
- forward 0.136 0.356 48 -0.091 0.536 48

Verbal 
learning

AVLT (2) 
- second trial -0.087 0.558 48 -0.144 0.333 48

AVLT (3) 
- third trial -0.104 0.483 48 -0.069 0.645 48

AVLT (4) 
- fourth trial 0.042 0.780 48 -0.143 0.536 48

AVLT (5) 
- fifth trial 0.305 0.037 48 0.029 0.842 48

Delayed 
recall

AVLT 
- delayed recall 0.248 0.092 48 0.138 0.354 48

Working 
memory

ADST 
- backwards 0.211 0.150 48 0.059 0.688 48

Delayed 
verbal 
memory

AVLT 
- late recall 0.193 0.193 48 0.317 0.831 48

Verbal 
fluency

Semantic task -0.001 0.993 48 -0.059 0.687 48
Ideational task -0.062 0.679 48 0.066 0.658 48
Phonemic task 0.161 0.448 48 -0.126 0.553 48

Table 3. Correlation between scores achieved on tested 
cognitive tasks and hormone levels

*Level of statistical significance was determined at p<0.05; results 
are presented as mean± SEM E2, estrogen; PROG, progesterone;

Figure 2. Learning curve in Auditory Verbal Learning Test AVLT 
test. Reduced score on 5th recall altered the shape of learning 
curve in EF phase EF, early follicular phase, O, ovulatory phase, 
ML, mid-luteal phase of the menstrual cycle
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ring the menstrual cycle, the results of this study did 
not confirm those findings (34-36). In most previou-
sly conducted studies women were tested only twi-
ce, in the EF and ML phase and observed improve-
ments in tested cognitive functions during ML phase 
have been attributed to E2 (27,35,37). Even though 
participants in this study were tested at three diffe-
rent time points, under more strict and controlled 
conditions than many other studies, no change in 
working memory and verbal fluency was observed.
Previous investigations discovered that women 
perform better in “women favoured” skills (i.e. 
verbal speed and fluency, fine motor skills) ML 
phase when the E2 and PROG levels are high, 
compared to the EF phase (34-36,38,39). Further-
more, when the hormone levels are low (menstrua-
tion, EF phase) they also show better performance 
in “men favoured” skills (i.e. mental rotations, tar-
get directed motor task, mathematical reasoning) 
(40,41). However, several studies have failed to 
show any kind of change in performance of cogni-
tive tasks across the menstrual cycle (42,27). Mor-
decai et al. reported no cyclic changes in verbal 
memory, but the studies did reveal that oral con-
traceptive users performed better on the same task 
during the active pill phase (containing reproduc-
tive hormones) as compared to inactive pill phase 
(placebo). Studies on acute ovarian hormone with-
drawal, caused by Gonadotropin Hormone Relea-
sing Hormone agonists (GnRHa), demonstrated a 
sex-hormone influence on visual working memory 
(43,44). Conversely, Owens et al. did not find any 
effect of gonadotropine releasing hormone (Gn-
RHa) mediated suppression of ovarian hormones 
(45). Studies outside the laboratory, in complex, 
everyday situations (e.g., flying for women pilots) 
failed to show any correlations between variations 
in women’s performance on a flight simulator and 
hormonal changes during the cycle (46).
The d2 attention loading task had to be discharged 
and no conclusions could be made about the influ-
ence of sex hormones on attention in this study. 
However, Solis-Ortiz and Corsi-Cabrera have 
found that sustained attention in the early luteal 
phase is favored by PROG and the visual-spatial 
memory by E2 in O phase (47). They used a prin-
cipal component analysis to show that the PROG 
level and the success on attention task co-varied 
together. Hatta and Nagaya failed to show changes 
in memory but found enhanced attention meas-

ured as achievement on the Stroop task in ML 
phase (37). In the functional magnetic resonance 
imaging (fMRI) and positron emission tomograph 
(PET) studies, the Stroop task has shown to acti-
vate the same part of the brain known to possess a 
significant number of PROG receptor. In our study 
the learning curve (AVLT test) was slightly altered 
in EF phase, showing decrease in the 5th recall. 
This decrease was not significant when compared 
to scores achieved on the 4th or 3rd recall in the EF 
phase. However, score achieved on 5th recall was 
more frequently lower than the one achieved on 
the 4th recall in EF phase when compared to O 
and ML phase (5/16 vs. 2/16). Although not sig-
nificant, this observation suggests reduced ability 
to maintain attention during the AVLT test in EF 
phase when hormone levels are low. 
This study used a very strict design in terms of 
validation of cycle phases and a homogenous gro-
up of young women, but at cost of increasing the 
number of repeated test sessions for one subject. 
In addition, a lack of systematic randomisation 
of subjects further increased the risk of learning. 
Being aware of this, it utilized different forms of 
tests where it was appropriate (i.e. three lists of 
15 words in AVLT, different forms of semantic 
and ideational verbal fluency). The limitation of 
this study could be that our tests were not sen-
sitive enough to detect differences in cognitive 
function in intellectually over average women. 
However, this is unlikely, because used tests are 
standardized and used in clinical practice.
In conclusion, the lack of any measured effect of 
sex hormones on the tested cognitive functions, 
even though  the experimental methodology was 
improved, raises once more the question of the si-
gnificance of the influence of sex-hormones (E2  
in particular) on everyday cognitive functioning of 
a young woman. Sex-hormone levels throughout 
the menstrual cycle and reproductive period of life 
seem to be sufficient for maintenance of cognitive 
wellbeing, and changes that happen during each 
menstrual cycle, normally, do not affect women’s 
everyday functioning to any significant extent.
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utjecaj menstruacijskog ciklusa na osnovne kognitivne funkcije 
u kontroliranoj skupini žena
Martina Mihalj1, Ines Drenjančević1*, Aleksandar Včev2, Antun Šumanovac1, Ana Čavka1, Mirjana 
Vladetić3, Rudika Gmajnić4

1Katedra za fiziologiju i imunologiju, Medicinski fakultet Sveučilišta Josipa Jurja Strossmayera u Osijeku; 2Klinika za unutarnje bolesti, 
3Klinika za neurologiju, Odjel za kliničku psihologiju, Klinički bolnički centar Osijek; 4Katedra za obiteljsku medicinu, Medicinski fakultet 

Sveučilišta Josipa Jurja Strossmayera u Osijeku; Osijek, Hrvatska

SAŽETAK
Cilj  Istražiti utjecaj ženskih spolnih hormona na modulaciju specifičnih kognitivnih funkcija tijekom 
menstruacijskog ciklusa u mladih zdravih žena, te primjeniti poboljšani ustroj studije koji se temelji na 
opisanim ograničenjima prethodnih studijâ. 
Metode  U studiji je sudjelovalo 16 mladih zdravih žena, bez prijašnjih zdravstvenih problema vezanih 
uz menstruacijski ciklus, kao ni psihijatrijskih i neuroloških poremećaja ili ovisnosti. Sve sudionice bile 
su studentice medicine, približno iste životne dobi (21.56±0.15 godina). Ispitanice su bile podvrgnute 
različitim testovima kognitivnih sposobnosti u tri faze menstruacijskog ciklusa: ranoj folikularnoj fazi, 
dokazanoj ovulaciji i srednjoj luteinskoj fazi. Tijekom studije posebna je pozornost posvećena određi-
vanju koncentracije ženskih spolnih hormona u krvi, kao i određivanju preovulacijskog vala luteinizi-
rajućeg hormona (LH). 
Rezultati  Analize koncentracije ženskih spolnih hormona u krvi potvrdile su kako su testiranja izvrše-
na u odgovarajućim fazama menstruacijskog ciklusa. Većina ispitanica je imala iznadprosječne rezultate 
u korištenim testovima kognitivnih sposobnosti, bez značajnih razlika u kratkoročnom pamćenju, rad-
nom pamćenju, odgođenom prisjećanju, verbalnom učenju, odgođenom verbalnom učenju ili verbalnoj 
fluentnosti, u bilo kojoj fazi menstruacijskog ciklusa. Osim toga, rezultati ispitivanja nisu bili u korela-
ciji s izmjerenim koncentracijama hormona u krvi.
Zaključak  Promjene u razinama estrogena i progestrona kroz menstruacijski ciklus nemaju značajan 
utjecaj na svakodnevno kognitivno funkcioniranje mladih zdravih žena. 
Ključne riječi: menstruacija, estrogen, progestron, kognitivne funkcije
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ABSTRACT 

Aim To examine the effects of sonotherapy on the activities of 
daily living or as well as the reduction of pain in gonarthrosis.

Methods A retrospective- prospective clinical study included 63 
patients, 47 to 86 years old with a verified diagnosis of gonar-
throsis. Subjects were divided into two groups. The first group in-
cluded 26 patients treated with kinesitherapy in combination with 
electrotherapy; the second group included 37 patients treated with 
kinesitherapy combined with sonotherapy. The age, sex, activities 
of daily living by Barthel Index and the intensity of pain by visual 
pain scale (VAS) was analyzed at admission and discharge of the 
patients. 

Results Both groups were matched for age, sex,  and   Barthel index 
values at admission and discharge. There was no statically signi-
ficant difference between the groups  according to demogrfphic  
characteristics. Visual pain scale at admission was almost identical 
in both groups; VAS at discharge waa lower in the group treated 
with kinesiotherapy and sonotherapy. Visual pain scale at dischar-
ge was lower in both groups than at admission, but without stati-
sticay difference (p> 0.05).

Conclusion Sonotherapy and electrotherapy improved the activiti-
es of patien’s’ lives. Both types of therapy, in combination with ki-
nesitherapy, led to a decrease of pain in patients with gonarthrosis.

Key words: sonotherapy, Barthel Index (BI), visual pain scale 
(VAS).
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INTRODuCTION

Gonarthrosis is a degenerative condition of knee 
joint with chronic and progressive course. Knee 
arthrosis is the most common type of arthrosis (1-
3). Arthrosis can be primary and secondary. 
Pathogesis of primary degenerative changes in 
articular cartilage is based on loss of proteogl-
ycans and decomposition of collagene skeleton 
of in-racellular matter. In additiont there is also 
“material fatigue” (4- 6).
Secondary arthrosis occurs after a break or frac-
ture to tibia, femur or patella sprains or injuries to 
ligaments and meniscus, joint inflammation and 
disturbances in mechanical relations in the joint, 
which result in varus position or “O- shaped” 
legs and vagus position or “X- shaped” legs  (5-
9). The dominant symptom is pain. Development 
of muscular hypertrophy is a consequence of the 
symptom (8). Synovial reaction may also occur 
in form of minor or more pronounced swelling 
(9). Synovial membrane is thicker and with less 
elasticity, which leads to more or less pronoun-
ced deformation of knee joint (10,11).
Crackling occurs during movements of bending 
and stretching (12). Crepitation is found in the 
beginning of arthritic process (6). Therapy can be 
divided  to therapy with medicaments, physical 
and surgical therapy (12). 
In  medication therapy non-steroid anti rheu-
matics are used (6, 12). Additionally, various 
modalities of physical therapy are applied, e.g.,  
kinzsitherapy, electrotherapy (galvanization, di-
adynamic currents, interferential currents), so-
notherapy, laser therapy, hydrotherapy and ther-
motherapy (11). Sometimes it is necessary to use 
surgical therapy (12). 
Ultrasound therapy (sonotherapy) uses waves over 
16 kHz which outspread in the shape of longitude 
waves causing periods of dilatation and compre-
ssion and they are called ultrasound. Ultrasound 
used in physical medicine has frequency of 870 
kHz and wave length 0.4 mm (12). APprimary 
physical effect to organism is conditioned by a 
series of secondary physiological changes: anal-
getic effect, spasmolytic effect anti-inflammatory 
action, sympathoiytic effect, improvement of 
micro-circulation, trophic level and regeneration 
of tissue, increased cell membrane permeability, 
increase in bio-synthesis of proteins, increase in 

muscular tonus, increased absorbtion of extravtsa-
sed and cell metabolism products  (12, 13).
TheAaim of this paper is to examine effects of 
sonotherapyoon everyday activities and pain re-
duction in patients with gonarthrosis. 

PATIENTS AND METhODS

R research was conducted at the Clinic for Physical 
Therapy and Rehabilitation Clinical Center of the 
University of Sarajevo from January to June 2013. 
The study was a retrospective-prospective clinical 
study. TheRresearch covered a total number of 
63 patients who were receiving treatment during 
2011, 2012 and the first half of 2013, both genders, 
aged 47 to 86 with verified gonarthrosis diagnose. 
Inclusion criteria were patients of both genders, 
aged 20 to 90, patients with radiologically verified 
diagnosis of gonarthrosis and patients who recei-
ved full examination at admission and discharge 
(clinical examination, Barthel index). Exclusion 
criteria were the patients without the above men-
tioned pre-therapy diagnostics, patients younger 
than 20 and older than 90, patients who underwent 
surgical intervention on the affected knee and pati-
ents with incomplete medical documentation.  
Subjects were divided into two groups: the first 
group included patients who underwent kinezi-
therapy in combination with electrotherapy, 26 
patients; the second group included patient who 
underwent kinesitherapy in combination with so-
notherapy, 37 patients. 
The age, gender, everyday activities according to 
Barthel index and intensity of pain according to 
visual analogue pain scale was analyzed. Barthel 
index is used for assessment of everyday activiti-
es for persons with disability. In this assessment 
answers to 10 questions were scaled from 0 to 2 
or 3 points. ASsum of all the points for the an-
swers concerning everyday activities a patient 
performed could be 20. APpatient is fully depen-
dant when the sum was 0-4; 5-12 showed high 
level of dependence, 13-18 moderate level, 19 
low level and 20 total independence  (1).
Visual analogue pain scale was used for subjec-
tive pain assessment. It is graded to levels where 
0 is state with no pain, 1 minimal pain and 10 as 
maximal pain. Patients were asked to determine 
which number represents their level of pain (1). 
All the analytical data are presented in tables and 
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graphs via absolute number of cases, percentages, 
arithmetic mean, standard deviation and range of 
value.  χ2-square test (together with Yates correction 
for small samples) and Student t-test were used for 
analysis of differences between observed groups.  
All the test results with p<0.05 were considered 
statistically significant 

RESuLTS

Females were represented with 84.6% and 86.5%, 
in the first group (who underwent treatment with 
kinezitherapy and electrotherapy) and in the se-
cond group (who underwent kinezitherapy and 
sonotherapyp, respectively (p=0.556) (Table 1).

Everyday activities for both groups of patients 
according to Barthel index were higher (in most ca-
ses 1 point) at discharge than at admission, but wi-
thout statistically significant difference (p>0.05).
Visual analogue scale values were almost identical 
for both groups of patients at admission (Table 4). 

No (%) of patients
Total

Electrotherapy Sonotherapy
Males 4 (15.4) 5 (13.5) 9 (14.3)
Females 22 (84.6) 32 (86.5) 54 (85.7)
Total 26 37 63

Table 1. Gender structure of the patients underwent to elec-
trotherapy and sonotherapy

Electrotherapy Sonotherapy Total
Males and Females (No) 26 37 63
X (random variable) 71.46 68.22 69.56
SD (standard deviation) 8.900 8.307 8.637
SEM (standard error of the 
mean) 1.746 1.366 1.088

Minimum 47 51 47
Maximum 84 86 86

Table 2. Analysis of both groups of patients according to age

X, random variable; SD, standard deviation; SEM, standard error of 
the mean;

VAS at admission
Total

Electrotherapy Sonotherapy
Males and Females 26 37 63
X (random variable) 6.85 6.86 6.86
SD (standard deviation) 0.925 1.084 1.014
SEM (standard error of the 
mean)

.181 .178 .128

Minimum 5 5 5
Maximum 8 9 9

Table 3. Visual Pain Scale at admission for group with elec-
trotherapy and group with sonotherapy

X, random variable; SD, standard deviation; SEM, standard error of 
the mean;

VAS at discharge
Total

Electrotherapy Sonotherapy
Males and Females 26 37 63
X (random variable) 2.96 2.68 2.79
SD (standard deviation) 1.661 1.780 1.724
SEM (standard error of the 
mean) .326 .293 .217

Minimum 1 0 0
Maximum 7 8 8

Table 4. Visual Pain  Scale at discharge for both groups  of subjects 
for the group with electrotherapy and the group with sonotherapy

X, random variable; SD, standard deviation; SEM, standard error of 
the mean;

Figure 1. Analysis of activity of daily living according to Bar-
thel index at admission and discharge for the group with elec-
trotherapy and group with sonotherapy

TheAaverage age of the patients was 69.+8.6 
yeard (of range between 47 and 86). TheAave-
rage age in the first group was 71.46+8.9 (of ran-
ge between 47 and 84) compared to the second 
group with average age of  68.2+8.3 (of range 
between 51 and 86) (p=0.143) (Table 2).

Barthel index was higher for the patients who un-
derwent sonotherapy (p>00.5) (Table 3). 

Average values of VAS at discharge were a bit 
lower in the group which underwentothe trea-
tment with kinzsitherapy and sonotherapy. Visual 
pain scale at discharge was lower in both  groups 
than at admission but without statistically signifi-
cant difference (p> 0.05) eetween the groups (Ta-
ble 5). In the group which underwent kinezithera-
py with sonotherapy, minimal value at admission 
was 5 and maximal one 9 points. In both groups 
of subject improved VAS values were evident.

DISCuSSION 

Gonarthrosis is a chronic, non-inflammatory, de-
generative condition of knee joint with a progre-
ssive course (5-7, 9-11). The American College 
of Rheumatology defines gonarthrosis as hete-
rogenic condition where different processes lead 
to a combination of symptoms and signs which 
are connected to damage to cartilage and hence 
the bone (12). AJjoint mostly affected by arthritic 
process is knee due to the fact that it carries the 
biggest load (5,7,13,14).



189

Tanović et al. Ultrasound therapy in gonarthrosis

In this research we analyzed 63 subjects divided 
into two groups. The first group of 26 subjects 
underwent treatment with kinzsitherapy and elec-
trotherapy. The second group of 37 subjects un-
derwent treatment with kinezitherapy and sonot-
herapy. Gender analysiswhas shown that in both 
groups of patients females more frequently beco-
me affected. Thise data matcs the data available in 
relevant literature (14). There are several reasons 
for that (trauma, obesisy, hormonalsimbalasce 
etc.), but there is no general consensus accepted 
(15-17).  The analysis of average age in the groups 
showed that most patients from this study were ol-
der than 65 years of age. It was proved thatnthe 
age significantly affecsed the occurrence of this 
disease. Some authors believe that the pain inten-
sifies with age and patients need more frequent 
treatment. Several authors have also analyzed this 
data in their studies and all showed similar results 
(18,19).  This data matches the data available in 
relevant literature (7,9,10).
One of the main problems is an effectfon daily li-
ving activities caused by the knee pain estimated 
by the Barthel index (20). This problem is parti-
cularly pronounced in the movement of patients, 
climbing up and down stairs and using some of 
the transportation equipment (21,22).tFor that rea-
son, the patients with this disease trg to reduce the 
movement ta minimum. In this way they worsen 
the clinical picture of the disease and thus worse-
ning the underlying diseasd, which leads to even 
less mobility (1,16). Therefore, the results of this 
study showed an increase in Barthel index for just 
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SAŽETAK 

Cilj  Ispitati efekte sonoterapije na aktivnosti svakodnevnog života, kao i na smanjenje bola kod go-
nartroze.

Metode  Retrospektivno-prospektivna klinička studija obuhvatila je 63 pacijenta, dobne starosti od 
47 do 86 godina, s verificiranom dijagnozom gonartroze. Ispitanici su podijeljeni u dvije grupe; prva 
grupa uključivala je 26 pacijenata tretiranih kineziterapijom u kombinaciji s elektroterapijom, a druga 
37 pacijenata tretiranih kineziterapijom u kombinaciji sa sonoterapijom. Analizirane su aktivnosti sva-
kodnevnog života prema Barthelovom indeksu, te jačini bola prema vizuelnoj analognoj skali bola u 
odnosu na dob i spol. 

Rezultati  Obje grupe ispitanika bile su ujednačene po dobi, spolu i vrijednostima Barthelovog indeksa 
na prijemu i otpustu, bez postojanja statistički značajne razlike među grupama u odnosu na demograf-
ske podatke. Vrijednosti VAS-a pri prijemu bile su gotovo identične u obje grupe ispitanika. Prosječne 
vrijednosti pri otpustu su bile nešto niže u grupi koja je tretirana kinezi i sonoterapijom u odnosu na 
vrijednosti pri prijemu, ali bez statistički signifikantne razlike (p> 0,05). 

Zaključak  Sonoterapija i elektroterapija utjecale su na poboljšanje aktivnosti svakodnevnog života. 
Obje vrste terapije, u kombinaciji s kineziterapijom, dovele su do smanjenja bola kod pacijenata s go-
nartrozom.

Ključne riječi: sonoterapija, Barthelov indeks (BI), vizuelna analogna skala boli (VAS)
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ABSTRACT

Aim To ensure a more reliable classification system for the femur 
neck fractures by estimating pressure and tensile force on the frac-
ture crevice.

Methods The study compared the kappa coefficient for the in-
ter and intraobserver agreement of the same five observers on 
the same radiographic sample of the femur neck fracture with a 
time gap of one year for the AO group and original proposal of 
estimated dominant pressure and tensile force on the femur neck 
fracture’s crevice.

Results The kappa coefficient for the AO group was 0.49 and for 
the system for estimating the dominant force on the fracture’s cre-
vice it was 0.78. For the observer our proposal is easier to use  than 
the AO system.

Conclusion The estimation system of the dominant force on the 
fracture’s crevice is more reliable and thus more acceptable than 
the AO group system for femoral neck fractures.

Keywords: proximal, femur, trauma
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INTRODuCTION

Researches on reliability of the AO classification 
system for the femoral neck fractures until now 
have shown a relatively low value for the kappa 
coefficient (1-5). Neither are other systems like 
Gardens ore Pauwels significantly more reliable 
(4,6). A reliable classification system for the fe-
moral neck fractures ensures a reliable standar-
dized choice of treatment methods, choice of 
implants and it has a prognostic value for the 
healing (1). Reliability increases with the reduc-
tion of the listed systems to stable and unstable 
fractures. However, a research done by Sidor et 
al, which has reduced the Neer classification for 
fractures of the proximal humerus, denies the sta-
ted logic (7). Basically, in stable fractures it is 
predominant pressure forces on the fractural cre-
vice which are pointed one against the other (1). 
In unstable fractures tensile forces of a different 
or opposing direction are predominant (1). So far 
there has been no comparison between the value 
of the kappa coefficient for the inter and intra-
observers of the AO group classification system 
for femoral neck fractures.  The aim of the study 
is to ensure a more reliable classification system 
for the femur neck fractures by estimating the 
pressure and tensile force on the fracture crevice.

PATIENTS AND METhODS

The AO group classification system for femoral 
neck fractures divides fractures to B1 – subcapi-
tal fractures without movement, B2 – transcervi-
cal and B3 subcapital fractures with movement 
of bone fragments (1). According to our proposal 
the pressure forces on the fractural crevice make 
the fracture stable without bone displacement 
while the pressure forces are oriented one towar-
ds the other. The tensile forces affecting the frac-
tural crevice of the femoral neck bone are in an 
opposing direction and a displacement is present 
or there is a very high chance for possible displa-
cement of bone fragments (Figure 1). 
For the comparison of these two fracture com-
parison systems we randomly selected 77 ante-
rior-posterior (AP) and lateral view preoperative 
radiographs of the femoral neck fractures from 
patients who were treated for femoral neck frac-
tures at the Trauma Department of Požega Gene-
ral County Hospital, Croatia, from January 2001 
to January 2010.

All trial radiographs enrolled were relevant in 
making initial decisions about treatment (opera-
tional and not operational) and in preoperative 
planning and choice of implants. All radiograph 

Figure 1. B1) according to the AO group classification system 
for femoral neck fractures the subcapital fracture without bone 
fragment movement with dominant pressure force present on 
the fracture crevice (blue arrows), deeming this type of frac-
tures stable; B2, B3)  according to the AO group classification 
system for femoral neck fractures the transcervica, or the 
subcapital fracture  with bone fragment movement with domi-
nant tensile force present on the fracture crevice (red arrows), 
deeming thess types of fractures unstable. The black arrows rep-
resent imagined vector of gravity (T = mass of the body in kg x the 
gravity (9,806 m/s2 ) and is shewn as vertical. In an upright posture 
or movement the stated force is transmitted through the femoral 
neck. If the direction of the femoral neck’s fracture crevice is more 
vertical to the described vector, the dominant force on the crevice 
is the pressure force, deeming this type of fractures staile (in com-
parison to the AO clasiffication-B1). If the direction of the crevice is 
more parallel to the gravity vector, the dominant force is the tensile 
force, deeming this types of fractures unstaile (in comparison to 
the AO clasiffication-B2 and B3) (Gašpar D, 2013)
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marks (names and surnames of patients, exami-
nation dates, etc.) have been made invisible. The 
radiographs were numerated. 
All fractures were classified by five researchers: 
a trauma surgeon, three general surgeons and the 
orthopedic surgeon, who are very familiar with the 
classification systems of the femoral neck fractu-
res. The researchers classified all fractures accor-
ding to the AO group and the original proposal for 
the estimation of predominant forces present on 
the femoral neck fracture for the calculation of the 
interobserver agreement (1) (Figure 1). 
The data were entered into tables specially desi-
gned for this study. Classifications were perfor-
med independently, without mutual comments on 
one’s own or other’s findings, without any additi-
onal records. While classifying radiographs, inve-
stigators had the option of using textbooks, trauma 
atlases and the Internet. All classification record 
results, without any recognizable marks of aut-
horship records, except the identification number 
of each examiner, were stored under lock and key 
until the beginning of the statistical analysis. 
The statistical expert was the only one who knew 
the identification number of each researcher. Af-
ter a year the same researchers performed (with 
the same classification process and with the 
same radiographic samples) the classification of 
the fractures according to the AO group and the 
estimation of the dominant force present on the 
fractural crevice according to the description on 
Figure 1 to calculate the intraobserver agreement.
The statistical analysis was performed by calcula-
ting the kappa values by Fleiss’ statistical methods 
for rates and inter and intra observer agreement (2). 
Statistical significance was set at p<0.05. The kap-
pa value coefficient  (К) was interpreted according 
to the guidelines proposed by Landis and Koch: 
less than 0.00 poor reliability, 0.00- 0.20 slight re-
liability, 0.21- 0.40 fair reliability, 0.41- 0.60 mo-
derate reliability, 0.61- 0.80 substantial agreement 
and 0.81- 1.00  almost perfect agreement  (8).

RESuLTS

The mean age of the 77 patients was 79.3 (47- 93, 
SD 8.5), 13 patients were males and 64 females.                                                                                                                                    
Average (mean) of the results of the kappa sta-
tistical analysis interobserver agreement of the 
AO group classification is moderate reliability, 

an overall mean is К = 0.46 (p<0.05), according 
to the guidelines proposed by Landis and Koch - 
moderate reliability (Table 1). 

Kappa value*
Interobserver 1 2 3 4 5 †-Intraobserver
1 † 0.59 0.54 0.48 0.44   0.35
2 † 0.42 0.53 0.47     0.70
3 † 0.47 0.38 0.37
4 †  0.36   0.64
5 †  0.67
Mean 0.51 0.50 0.45 0.47 0.41   0.55

Table 1. Kappa values of agreement for inter and intraob-
server agreement for the AO group classification system for 
femoral neck fractures (B1, B2, B3)

*Overall mean for interobserver agreement of the AO group classifi-
cation: К= 0.46  (p<0.05)
†- intraobserver after the first and second classification procedure.

Kappa value*
Interobserver 1 2 3 4 5 †-Intraobserver
1 † 0.83 0.80 0.84 0.79   0.54
2 † 0.82 0.79 0.73     0.86
3 † 0.81 0.64 0.58
4 †  0.74   0.80
5 †   0.79
Mean 0.82 0.79 0.77 0.80 0.73  0.71

Table 2. Kappa values of agreement for inter and intraobserv-
er agreement for estimation of the dominant force of pressure 
or tension on the femoral neck fracture’s crevice

*Overall mean for interobserver agreement of the estimation of the domi-
nant pressure and tensile force on the fractural crevice: К = 0.78  (p<0.05)
†- intraobserver, after the first and second classification procedure.

Average (mean)  of the results of the kappa sta-
tistical analysis  interobserver agreement for the 
estimation of the dominant pressure and tensile 
force on the fractural crevice is substantial agree-
ment, an overall mean is К = 0.78 (p<0.05). One 
of the investigators had mean К value 0.82 or al-
most perfect agreement.
Mean kappa coefficient for the AO group intra-
observer agreement was 0.55 (Table 1), and for 
original estimation of dominant force it was 0.71, 
a significant increase reproducibility (Table 2). 

DISCuSSION

The main function of the whole femur neck is 
to ensure an upright posture of the body and an 
unhindered walk by transferring the weight of 
the body to the surface. The neck is enclosed in 
a joint capsule and does not have a muscle ver-
tex so that the domination of either the pressure 
or tensile force depends on the position of the 
fracture line in relation to the direction of gravity 
corrected by the size of the angle of the neck and 
diaphisical axis. The domination of the pressure 
or tension on the fracture line or the surface (the 
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fracture has in fact three dimensions) governs 
the fractures stability and in neck fractures the 
effects of muscle contractions on the size of the 
bone fragment movement are not present (1,5,6). 
While studying the AO subgroup (AO group ex-
panded by additional classification subunits) for 
their morphological characteristics Blundel et al. 
(3) have allocated the so called base cervical frac-
ture marked as AO- B2.1 which has the characte-
ristics of both the extra and intra capsular fracture. 
According to our estimation proposal the tensile 
force was dominant putting this type of fracture in 
the category of unstable fractures. Further, Blun-
del et al. recommend for the treatment of the B2.1 
fracture (an unstable fracture) an implantation of 
a hip screw (DHS) with one cannulated hip screw. 
While for the B1 according to our estimation pro-
posal, where the tensile force is dominant, two ca-
nnulated hip screws are sufficient in patients aged 
up to 60 (9,10). Even resting and unburdening 
might prove sufficient (11). To determine e kind 
of the treatment and implant, it is sufficient to sort 
fractures as stabile or unstable and by doing this a 
reliable and simpler classification comes up as n 
good mean (4-7, 9). 
In this paper we have compared the reliability 
of the classification betweet the estimation of 

the dominant force on the femoral neck fracture 
and the AO group. We have proven a significant 
increase of the kappa value bexweet the resear-
chers. The displayed results show an increase in 
reliability and repeatability of our system for cla-
ssifying fractures of the femoral neck by estima-
ting the dominant force on the fractur,’s crevice 
in comparison to the AO group classffication of 
at least one class more towards the Landis and 
Koch. This improvement is not as an exclusive 
result of the decrease of possible combinations. 
In conclusion, for the observers it is more reli-
able to classify the fractures according to the 
estimated dominant force on the fractures crevice 
tean by determiting the position of the fractures 
center, which is the basis of classifying fractures 
according to the AO group (1). For future resear-
ch we recommend the comparison of dominant 
forcs estimation with the Garden, Pauwels or any 
other classification of femoral neck fractures. 
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Procjenom prevladavajuće sile na frakturnoj pukotini vrata 
bedrene kosti povećava se pouzdanost klasificiranja prijeloma
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SAŽETAK

Cilj  Osigurati što pouzdaniji klasifikacijski sustav prijeloma vrata bedrene kosti procjenom tlačne ili 
vlačne sile na frakturnoj pukotini.

Metode  U studiji je uspoređen kappa koeficijent za procjenu podudarnosti između promatrača, te za 
procjenu podudarnosti pojedinog promatrača, na istom radiografskom uzorku prijeloma vrata bedrene 
kosti, s vremenskim razmakom od godinu dana, između AO skupine i originalnog prijedloga koji pro-
cjenjuje prevladavajuću tlačnu ili vlačnu silu na frakturnoj pukotini vrata bedrene kosti.

Rezultati  Kappa koeficijent za AO skupinu iznosio je 0.49, a za sustav procjene prevladavajuće sile na 
frakturnoj pukotini 0.78. Za ispitivača jednostavniji je naš prijedlog od AO sustava. 

Zaključak  Sustav procjene prevladavajuće sile na frakturnoj pukotini jeste pouzdaniji, a time i prihvat-
ljiviji od AO skupine klasifikacijskog sustava za prijelome vrata bedrene kosti.

Gašpar et al. Femoral neck fractures
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ABSTRACT

Aim Adequate nutrition supports optimal bone development and 
prevents later metabolic bone diseases. The aim of this study was 
to assess calcium dietary intake and measure calcaneal bone mi-
neral density and based on the obtained values to evaluate gender 
and age impact on the values itself as well as on their correlation.

Methods Subjects recruited for this study were 120 healthy 
adults. Calcaneal bone mineral density was measured by quantita-
tive ultrasound and expressed as estimated bone mineral density 
(eBMD). Calcium intake was assessed using ten 24-hours recalls. 

Results Values were compared between age and gender based 
sub-groups. The average value of eBMD of the study group was 
0.543 g/cm2. There was no difference between females and males 
in eBMD. The average daily dietary intake of calcium was low 
(661 mg/day), and males had statistically significantly higher daily 
dietary intake than females (805 mg/day and 599 mg/day, respec-
tively). The younger group had higher average value for eBMD 
(0.560 g/cm2), and higher dietary intake of calcium (10.5 mg/kg 
of body weight) than the older group (eBMD=0.527 g/cm2; calci-
um intake=9.4 mg/kg of body weight), but the difference was not 
significant. 

Conclusion Lack of statistically significant difference in eBMD 
values between two observed study subgroups based on the years 
of age, and low eBMD value itself, are obvious evidence of the 
compromised bone health status within the study population as 
well as the need for preventive actions. 

Keywords: quantitative ultrasound, calcium, bone densitometry, 
osteoporosis, 24-hour recall
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INTRODuCTION

The 21st century is the time of new epidemics, un-
known and/or unrecognized until recently, which 
developed as a consequence of unhealthy lifestyle 
– unbalanced nutrition and lack of physical activi-
ty (1). Those epidemics, together with cardiovas-
cular diseases and diabetes, have recently included 
osteoporosis, too, which in some countries counts 
as many hospital days and medical expenses as 
cardiovascular diseases. Yet, although osteoporo-
sis has been increasing steadily worldwide in re-
cent years, it is among the diseases that may be 
amenable to treatment through lifestyle modifica-
tion or management across the lifespan (2).
In 1999 Croatia brought out the Croatian Food 
and Nutritional Policy, which emphasized that the 
content of some nutrients, such as calcium which 
counts for one of the most important nutrients for 
bone mineral density (BMD), was lower than re-
commended, and the strategy was to permanently 
monitor the nutritional status and dietary habits of 
all population groups, taking into consideration re-
gional differences (3). Unfortunately, goals set in 
this Policy were neither achieved within the predic-
ted period, nor the possibility of their achievements 
is predictable. Croatia, as many other countries ro-
und the Globe fight the battle with the growing in-
cidence of chronic noncommunicable diseases (4), 
including osteoporosis (5), which are, among other 
factors, caused by unbalanced nutrition.
In Croatia about 200,000 females have osteopo-
rosis, and additional 400 000 suffer from osteo-
penia (5). Considering its incidence, osteoporosis 
is a significant burden to  health care systems in 
all countries, especially in the developing coun-
tries like Croatia. Consequently, there is an ur-
gent need to develop effective strategies to pre-
vent osteoporosis (like more optimal nutrients 
intake) and ultimately reduce the risk of osteopo-
rosis-related fragility fractures among Croatians.
Genetics contributes up to 80% to the set point 
for peak bone mass in early life (6), but nutrition 
also has a unique role in the maintenance of bone 
status and may be a factor in optimizing bone 
health throughout life cycle (7,8). Results on the 
bone mineral density in Croatia are scarce and 
in most cases the same as in studies conducted 
round the world, related to older population of 
both sexes (9), especially for younger populati-

on groups, who still have a possibility of taking 
some preventive measures (10-14).
A reliable assessment of nutrients intake is a hard 
task, and the choice of method depends on the 
aim of the study, accuracy of the dietary data 
required, and personnel and economic resources 
available. Variable nutritional habits, even in one 
country or the region, are problematic, which 
makes this assessment even harder (15). Availa-
ble results on the calcium intake in Croatia are 
opposite, most often too low, sometimes too high 
(15,16). Beside genetic factors, geographic and 
socio-economic factors lifestyle can significantly 
affect bone mineral density as well (13,14).
Having in mind all the issues mentioned above, 
the primary aim of this study was to estimate di-
etary intake of calcium and to evaluate calcaneal 
bone mineral density. Also, we wanted to evalu-
ate the correlation of dietary calcium intake and 
bone mineral density. It was expected that parti-
cipants with higher dietary intake of calcium will 
also have higher calcaneal bone mineral density.

EXAMINEES AND METhODS

Study participants

One hundred and eighty healthy adults (age 18-55) 
were recruited for this study among working adults 
in eastern part of Croatia, and among university 
students. All subjects participated on a strictly vo-
luntary basis. The study was approved by the Ethi-
cs Committee of the Faculty of Food Technology.
A total of 120 subjects for which complete data 
were collected were divided into two subgroups 
according to the age and gender. For the first cri-
teria boundary value was at 30 years of age since, 
according to the different studies, before that age 
bone mass is accumulated and peak bone mass is 
achieved, and later on, after the menopause, bone 
mass starts to deteriorate (8,17). As a second cri-
terion for the study participants sub grouping was 
gender (84 females and 36 males). More females 
than males were recruited for the study due to gen-
der differences in the prevalence of osteoporosis.

Dietary assessment

All study participants filled out a personal data 
and lifestyle questionnaire, where they  reported 
information on age, weight, height, health sta-
tus, medication use, physical activity, smoking 
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habits, diagnosed bone diseases in close family 
members. Female participants also provided in-
formation on the number of pregnancies, meno-
pause and hormone replacement therapy.
Upon recruitment, subjects underwent a dietary 
assessment by the 24-hour recall method. The 
24-hour recall was collected ten times during a 
one-year period; 7 times for working days and 
3 times for weekends or holidays. To introduce 
participants into the methodology, the first recall 
was conducted by personal interview, while the 
following recalls were collected either through 
personal or telephone interviews. Supplements 
were not considered in this study.

Quantitative ultrasound densitometry

Bone mineral density was measured by quantitati-
ve ultrasound densitometry (QUS). The QUS me-
asurements of the calcaneus (heel bone) were per-
formed using a Sahara sonometer (Hologic, USA). 
Results were expressed as estimated bone mineral 
density (eBMD) (g/cm2). Quality assurance was 
performed using a dedicated phantom (supplied 
by the manufacturer) before the first measurement 
of the day, and all measurements were conducted 
by the same person. The dominant foot was deter-
mined. Ultrasound gel was applied as a coupling 
medium to ensure good contact. 

Data analysis

Dietary intake of calcium was calculated using 
a specially designed computer programme Nutri 
Pro 2001 based on national food composition ta-
bles (18). Dietary intakes were presented as the 
average daily intake (mg/day), and dietary intake 
per kg of body weight (mg/kg of body weight). 
Also, intakes were evaluated in comparison with 
Dietary Reference Intakes (DRIs): Estimated Ave-
rage Requirements which represent average daily 
nutrient intake level estimated to meet the require-
ments of half of the healthy individuals in a group. 
The DRI:EAR value for calcium is 800 mg/day for 

both females and males in the age span that corres-
ponds to studied population (from 19 to 50 years, 
excluding pregnant or lactating females) (19).
Average daily dietary intake of calcium in gender 
and age based subgroups was compared on two 
levels, where recommended calcium dietary inta-
ke of 800 mg/day (19,20) was used as a boundary 
value. Results of calcium dietary intake were also 
expressed as mg/kg of body weight. For this purpo-
se, as a boundary value, 9.9 mg/kg of body weight 
is set, based on the fact that this value represents an 
average dietary intake of the whole study group.
Comparison of the eBMD and dietary calcium 
intake between males and females, younger and 
older subjects, was performed using ANOVA. 
The normality of data distribution was checked 
by Kolmogorov-Smirnov test. Since there was a 
difference between the number of males and fe-
males for the comparison of those groups Mann-
Whitney test was used.

RESuLTS

The data analysis included 120 healthy adult vo-
lunteers of which 56 (46.7 %) were younger and 
64 (53.3 %) older than 30 years of age. Females 
were more represented than males (70.0 % vs. 30.0 
%, respectively) and both genders involved about 
the same number of younger and older subjects (40 
younger and 44 older in females, and 16 younger 
and 20 older in males). Comparison of younger and 
older subgroup (p=0.108), as well as the compa-
rison of females and males (p=0.448) showed the 
lack of statistically significant difference (Table 1).
The average daily dietary intake of calcium was 
low, and males had statistically significantly hi-
gher intake than females. Yet, when average daily 
dietary calcium intake was expressed in mg/kg of 
body weight, there was no statistical difference 
between males and females.
The average age of younger and older age subgro-
ups was 23.4 years and 42.9 years, respectively. 

Parameters Total (N=120)
Gender Age (years)

Females (n=84) Males (n=36) p ≤30 (n=56) >30 (n=64) p
Age (years) 33.8±10.9 33.4±11.0 34.3±10.7 NS 23.4±2.6 42.9±6.3 0.000
eBMD (g/cm2) 0.543±0.112 0.539±0.118 0.552±0.098 NS 0.560±0.096 0.527±0.123 NS
DCI (mg/day) 661±244 599±186 805±301 0.000* 650±242 671±248 NS
DCI (mg/kg body weight) 9.9±3.8 9.8±3.5 10.2±4.5 NS 10.5±3.8 9.4±3.8 NS

Table 1. Age characteristics, bone mineral density and dietary calcium intake of total study population, and according to gender 
and age*

*Values are presented as mean±SD; eBMD, estimated bone mineral density; DCI, dietary calcium intake; NS, non-significant difference;
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The younger group had a higher average value for 
eBMD than the older group, but the difference was 
not significant. Younger subgroup had lower absolu-
te calcium daily dietary intake, but contrary, higher 
intake of calcium per kilogram of the body mass.
In male subgroup with average daily dietary in-
take of calcium above 800 mg/day showed hi-
ghest eBMD values. Females had lower values 
of eBMD than males, regardless of daily dietary 
intake of calcium (Figure 1).

Regardless of daily dietary calcium intake youn-
ger subgroup had higher values of eBMD. Wit-
hin the older subgroup, eBMD values were even 
lower in those with higher daily dietary calcium 
intake (Figure 3).

Figure 1. Estimated calcaneal bone mineral density (eBMD) 
(mean and SD values) of males and females with average dai-
ly dietary intake of calcium ≤800 mg/day and >800 mg/day

Figure 2. Estimated calcaneal bone mineral density (eBMD) 
(mean and SD values) of males and females with average di-
etary intake of calcium ≤9.9 mg/kg body weight and >9.9 mg/
kg body weight

Figure 3. Estimated calcaneal bone mineral density (eBMD) 
(mean and SD values) of younger and older subgroup with av-
erage daily dietary intake of calcium ≤800 mg/day and >800 
mg/day

Figure 4. Estimated calcaneal bone mineral density (eBMD) 
(mean and SD values) of younger and older subgroup with av-
erage dietary intake of calcium ≤9.9 mg/kg body weight and 
>9.9 mg/kg body weight

An increase of eBMD values with the increase of 
dietary intake of calcium expressed as mg/kg of 
body weight for both genders, but with very weak 
correlation was found. The same as in case when 
daily dietary calcium intake was expressed in mg/
day, females had lower eBMD than males regar-
dless of dietary calcium intake. Yet, the differen-
ces were not statistically significant (Figure 2).

Lower eBMD was found in older subgroup re-
gardless of dietary calcium intake than in youn-
ger subgroup (Figure 4).

DISCuSSION 

Most often, BMD is measured by dual-energy X-
ray absorptiometry (DEXA) (14,21). This method 
uses X-rays to obtain the results, and therefore, the 
ethics represents a great dilemma in cases when 
measurements should be conducted on a rather 
young and also healthy population. Quantitative 
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ultrasound therefore represents a method of cho-
ice for studies with younger population groups. 
A number of studies has shown the comparability 
of the results obtained by these two methods (14). 
This is especially useful in studies like ours, whe-
re relations among different study subgroups and 
comparison with other studies in different regions 
and countries are of a primary importance, while 
absolute value is not so important. 
Our study has shown that males have 2.4 % higher 
values of eBMD than females, but this difference 
is not statistically significant. Takeda et al have re-
ported the same results for their study (22).
In central Croatia, gender comparison revealed 
significant differences between ultrasound para-
meters in the three decades of life groups (60-
69, 70-79, 80-89) (9). Significant differences in 
eBMD of males and females were obtained also 
for university students in Croatia and eBMD for 
some of their subgroups had similar values as the 
values obtained in our study (14).
Bone mineral density of our younger study sub-
group was 6.3 % higher than for the older subgro-
up, which is greater than the difference obtained 
for gender based subgroups. Yet, this difference is 
also not statistically significant, and that fact cau-
ses concerns, while it is expected that younger po-
pulation should have a significantly higher eBMD.
Authors of a study conducted in one part of the 
Republic of Croatia reported considerably lower 
average value of eBMD than the values of our 
study (23). The average age of their study gro-
up was 25 years above our average age, and the 
difference in eBMD might be due to this age dif-
ference. The same fact on the age difference can 
explain a stronger negative correlation between 
the age and eBMD in the mentioned study (23), 
while the correlation in our study, though also 
negative, was very weak. Namely, eBMD values 
are more or less constant in the period between 
30 years of age and menopause, and the decrease 
follows after that period.
Ponteggia et al (24) studied bone mineral density 
of a group of young females (similar to our yo-
unger group) in central Italy and reported eBMD 
values slightly higher than ours for their study 
group. Differences can be explained by climatic 
conditions. Namely, the central part of Italy has 
more sunny days than eastern Croatia, which af-

fects synthesis of vitamin D, another important 
contributor to bone mass.
Zoching et al (25) studied characteristics of ultra-
sound based bones parameters, and reported that 
they give values of adequate precision for all age 
groups. On the other hand, Krieg et al (26) in the-
ir Position Statement regarding the use of QUS 
in osteoporosis diagnostic, outlined that BMD 
cannot be applied with any other technology but 
DXA. Having in mind that our aim was not to 
diagnose osteoporosis, but to determine eBMD 
and to compare obtained values to those gathe-
red on larger population by instrument producers, 
we can consider our obtained values of eBMD 
precisely enough. A small difference of eBMD 
between the two age groups is, unfortunately, 
most likely due to really bad bone health.
The values obtained in this study for both age 
groups are lower from those supplied by the ma-
nufacturer of the equipment used (27). Babarout-
si et al (28) have also measured eBMD by quan-
titative ultrasound and one of their three groups, 
which corresponded to our younger group by 
age, also had similar values of eBMD. A study 
conducted on adults by Frost et al (29) also gave 
results similar to those reported in our study. 
Generally, in the Republic of Croatia dietary calci-
um intake is low (16,30,31). In our study average 
calcium intake, though substantially lower than 
recommended, is still higher than the intake repor-
ted in 1999 (32). That might be an indicator of the 
positive changes in consumer’s awareness on the 
importance of this mineral. Some developed coun-
tries have achieved a substantially positive chan-
ge, and during the last decade calcium intake has 
increased for about one third (33). Three previous 
studies conducted in the Republic of Croatia using 
the FFQ for the dietary assessment, have reported 
higher dietary calcium intake: 965 mg/day (34), 
1633 mg/day (15), and 1518 mg/day (35). Still, the 
last two of them represent an exception with such 
a high calcium intake in Croatia.
The analysis of the relationship between dietary 
intake and bone mineral density showed a very 
low correlation for dietary calcium intake expre-
ssed for daily intake (mg/day), calcium intake 
expressed per kg of body weight (mg Ca/kg of 
body weight) as well as the calcium intake in 
dependence of protein intake (mg Ca/g of pro-
teins). Similar results were obtained by analysis 
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of correlation between dietary intake of other 
nutrients important in bone metabolism (Na, K, 
P, Mg, dietary fibres and proteins) and bone mi-
neral density. Recommendations for the calcium 
intake are almost never considered with regard to 
the body weight. A Japanese study implicated the 
fact that body size should be considered to esti-
mate physiological need for calcium more preci-
sely, and it reported that dietary intake of calcium 
should be 18.1 mg/kg of body weight for males, 
and 18.5 mg/kg of body weight for females (36). 
Dietary intake of calcium presented in our study 
as mg/kg of body mass revealed that all our study 
subgroups have only half of the intake reported in 
the aforementioned Japanese study.
Calcium intake does not vary only among the 
individuals, or groups, but also among different 
nations. Papers and reports from round the Globe 
show low calcium intake in the USA (37-39), Ja-
pan (36,40), Canada (41), China (42) and many 
other countries.
In one of our earlier studies (34) we found that 
only 61% of total calcium came from milk and 
milk product. That is the consequence of only 
about 45% of adult Croatians consuming milk on 
a daily basis (43). Therefore, it would be benefi-
cial to initiate larger milk consumption as well as 
calcium-fortified milk consumption.
The results obtained in our study should be 
observed with having in mind a few facts whi-
ch could lead to bias. Firstly, all measurements 
were performed on a heel bone whose structure 
might be in a bad condition due to specifics of 
subjects walking. Secondly, though results obta-
ined in our study concerning the used methodo-
logy give precise values of bone mineral density 
and dietary calcium intake for the observed study 

population, wider studies should be conducted 
to be able to present results  representative for 
the whole eastern Croatian population. Thirdly, 
our study population misses participants older 
than 55 when significant decline in bone mineral 
density could be expected due to menopause. It 
could have contributed to a lack of distinction in 
BMD between older and younger subgroups.
Having in mind the fact that this study involved 
rather young population sample, obtained results 
should be considered as an alarm for systematic 
education with the aim of osteoporosis preventi-
on. Namely, even though bone mass deteriorati-
on has not taken its rate yet, as it is visible from 
the lack of statistically significant difference in 
eBMD values between two observed study su-
bgroups based on the years of age, low eBMD 
values themselves are obvious evidence of a bad 
bone health status within the study population. 
Intensive bone mass loss, which usually happens 
in the following life cycle period, if not prevented 
through education and changes in nutrition and 
lifestyle, might lead to high rates of osteoporosis.  
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Mineralna gustoća petne kosti i prehrambeni unos kalcija 
zdravih odraslih osoba – utjecaj dobi i spola
Mirna Mandić-Puljek1, Daniela Kenjerić2, Milena L. Mandić2, Antonija Perl Pirički2, Antoinette Kaić-Rak3

1Klinički zavod za dijagnostičku i intervencijsku radiologiju, Klinički bolnički centar Zagreb; 2Zavod za ispitivanje hrane i prehrane, 

Prehrambeno-tehnološki fakultet, Sveučilište u Osijeku, Osijek; 3Ured Svjetske zdravstvene organizacije u RH, Zagreb; Hrvatska

SAŽETAK

Cilj  Adekvatna prehrana pozitivno utječe na razvoj kostiju i prevenira razvoj koštanih bolesti. Cilj ovog 
istraživanja bio je utvrditi mineralnu gustoću petne kosti i procjeniti prehrambeni unos kalcija zdravih 
odraslih osoba, te, temeljem dobivenih rezultata, procjeniti imaju li dob i spol utjecaja na iste, odnosno 
na njihovu povezanost.

Metode  U istraživanju je sudjelovalo120 ispitanika. Mineralna gustoća petne kosti izmjerena je kvanti-
tativnim ultrazvukom i izražena kao procijenjena mineralna gustoća kostiju (eBMD). Prehrambeni unos 
kalcija procijenjen je metodom 24-satnog prisjećanja. Prikupljeni su podaci razmatrani za podskupine 
temeljene na spolu, odnosno dobi.

Rezultati  Prosječna vrijednost eBMD-a za cijelu ispitivanu skupinu iznosila je 0,543 g/cm2, te nije bilo 
razlika između muških i ženskih ispitanika. Prosječan prehrambeni unos kalcija je bio nizak (661 mg/
dan), s tim da su muškarci imali statistički značajno viši unos od žena (805 mg/dan u odnosu na 599 
mg/dan). Mlađa podskupina ispitanika imala je višu prosječnu vrijednost eBMD-a (0.560 g/cm2) i viši 
prehrambeni unos kalcija (10,5 mg/gk tjelesne mase) nego starija podskupina (eBMD=0,527 g/cm2; 
unos kalcija 9,4 mg/kg tjelesne mase), ali razlika nije bila statistički značajna. 

Zaključak  Nepostojanje statistički značajne razlike u vrijednostima eBMD-a između dvije promatrane 
dobne skupine, kao i same vrijednosti eBMD-a koje su bile relativno niske, dokaz su lošeg zdravstvenog 
statusa kostiju ispitivane populacije.

Ključne riječi: denzitometrija, osteoporoza, 24-satno prisjećanje
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ABSTRACT 

Aim To determine the relationship between body mass index 
(BMI) and predicted values of VO2max estimated by UKK test for 
the first degree of obesity.

Methods The participants were included in three groups of ten 
male subjects each, of different ages and different physical condi-
tion, randomly selected from the general population of the city of 
Kragujevac.  BMI was determined first, and then the Urho Kaleva 
Kekonen (UKK) test on treadmill was performed in order to get 
a predicted value of cardiovascular capacity (VO2max) of respon-
dents. For continuous variables collected, the mean values and 
standard deviation were determined, and the correlation coeffici-
ent was calculated using the Student test.

Results After a correlation analysis value obtained by UKK VO-
2max test and BMI the negative correlation coefficient (r = - 0.904; 
p <0.001) for the third group (ten males aged 35-40 years with 
mean BMI of 32.2 ± 1.31) was found, which also found an inverse 
dependence of these two values (with an increase of BMI values,  
the values   of VO2max decreased). In the third group, the first fitne-
ss category dominated (Fitness index  <70, which is significantly 
below the average value). The aim is to improve VO2max values, 
so the Fitness index value   belonging to the Fitness category III 
dominated meaning that the Fitness index values were   in the range 
90-100 (mean). 

Conclusion A significant negative correlation between BMI and 
VO2max (ml/kg/min) suggesting the possibility of effect or body 
fat on cardiorespiratory function.
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INTRODuCTION

Overweight and obesity are defined as increased 
or excessive accumulation of fat tissue which re-
presents a health risk (1). Obesity is the one of the 
biggest problems in developed world (2). In 2005, 
the World Health Organization (WHO) announced 
that approximately 1.6 billion adults were overwe-
ight by the age of fifteen, and of this population, at 
least 400 million adults were obese. WHO predic-
ted that the number of overweight adults and obe-
se adults would be approximately 2.3 billion and 
700 million, respectively, by the end of 2015 (3).
In a few of these cases, the cause of obesity is 
metabolic disorder, but in most cases the main 
problem is in energy disbalance, e.g. energy con-
sumption is smaller than the energy input (4). 
Medical history in obese persons should cover all 
data related to obesity itself in relation to the pre-
sent comorbidity, diet and physical activities (5).
Generally, in obese persons, it is necessary to 
determine a degree of nutritional status or body 
mass index (BMI) or body weight index (BWI), 
which is expressed as a ratio of weight and hei-
ght: BMI = BW / BH ² (kg/m²) (6). 
Upon the recommendations of the World Heal-
th Organization (7,8), BMI is used for the cla-
ssification of nutritional state by the following 
criteria: BMI <18.5 –underweight person, BMI  
18.5– 24.9 - normally nourished person, BMI  
25–29.9–overweight, BMI >30 –obesity, BMI  
30–34.9 - I  degree (moderate) obesity, BMI  35-
39.9- II  degree (extreme, severe) obesity, BMI 
>40- III degree (extreme, morbid) obesity. 
An important step in the reduction of body mass is 
the exercise therapy. Walking is a type of aerobic 
exercise. Aerobic exercise is the type of exercise 
during which the essential parameter of maximal 
aerobic capacity (VO2max) and cardiovascular 
abilities are observed (9). The VO2 max is the 
maximum oxygen uptake or maximum volume 
of oxygen that is consumed in one minute during 
maximal exercise. It is presented in the milliliters 
of oxygen consumed in one minute per kilogram 
of body weight (ml/min/kg). It is often used as a 
parameter for the assessment of cardiovascular 
(aerobic) capacity (10). Physiologists have found 
that the determination of the amount of oxygen re-
ceived is the best measure for determination of the 
aerobic work (11).Such a determination requires 

expensive instruments and laboratory conditions. 
A tested person runs on a treadmill and volume of 
inhaled and exhaled air and heart rate are measu-
red (12). To this end, the value of using a heart rate 
monitor (pulsmeter) is important. It can easily and 
surely supervise our aerobic training and achieve 
the desired results (9). Numerous tests are desi-
gned to measure or predict the maximum oxygen 
uptake (maximal aerobic capacity or VO2 max) 
(12). Depending on the exhaustion of the subject 
during the test, the tests may be maximum or sub-
maximum tests (13).
One of submaximum test that is suitable for re-
creational sportsmen is Urho Kaleva Kekonen 
(UKK) test, which provides the value of cardio-
vascular capacity (VO2max) in subjects (14). On 
basis of the obtained values   of VO2max, one can 
calculate fitness index, and, based on the value of 
the fitness index, subjects are classified in speci-
fic fitness categories based on which appropriate 
physical activities are recommended (15). Urho 
Kaleva Kekonen test is suitable for physically he-
althy persons (with no signs of infectious diseases, 
no chronic disease and with no osteomuscular da-
mage or deformation) between 20 and 65 years of 
age (15). It is less reliable for persons older than 
65, for the persons with severe and extreme obe-
sity, and athletes often do not reach the required 
heart rate during the test (16). For that reason this 
test is suitable only for those subjects with avera-
ge activity (daily activities at home, regular jobs 
at the workplace and recreational activity twice a 
week). UKK original test was not designed as a 
typical test for the conveyor belt (treadmill).
The aim of this study was to determine the relati-
onship between BMI and predicted values of VO-
2max obtained by UKK test for I degree of obesity.

EXAMINEES AND METhODS

Three groups with ten male subjects in each of dif-
ferent ages and different physical status, voluntari-
ly participated in the study. Criteria for the classifi-
cation in a particular group was the value of BMI. 
Medical observation (ECG, heart rate, blood 
pressure, occupation, smoking habits, etc.) was 
performed before, during and 24 hours before 
testing. Subjects were instructed not to have dif-
ficult physical activities 48 hours before the test. 
The equipment was identical for all subjects. En-
vironmental conditions (ambient temperature 21.3 
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± 1.4 ºC, humidity 42.4 ± 7.5%) were the same 
for all subjects. The aim of this study and deta-
ils of procedures applied in it were explained and 
the opportunity to ask everything they did not un-
derstand was given to all subjects. All procedures 
were performed in accordance with the ethical 
standards of the Ethics Committee of the Institute 
of Physiology, School of Medicine in Kragujevac, 
Serbia, and the Helsinki Declaration. A method of 
research was the UKK test, which provided the 
value of cardiovascular capacity (VO2max) in su-
bjects after 2 km of fast walking, fitness index was 
calculated using a complex formula taking into 
account age, height, weight, test duration and he-
art rate to determine the physical condition of the 
subjects compared to the average values.
Fitness index = 420 + A x 0.2 - (T x 0.19338 + 
HR x 0.56 + [W ÷ H ² x 2.6]) for males,
Fitness index = 304 + A x 0.4 - (T x 0.1417 + HR 
x 0.32 + [W ÷ H ² x 1.1]) for females (A-age, H - 
height in meters, W-mass in kg, HR - the average 
value of heart rate during the test and T-time for 
2 km of fast walking in seconds).
The UKK obtained, provided the following 
parameters: power consumption, fitness index, 
fitness category, predicted VO2max, predicted 
maximum heart rate. Based on the fitness index 
values, fitness categories were determined as 
follows: <70- significantly below average, 70-
90 - slightly below average, 90-110 – average, 
110-130 - slightly above average, >130 - signifi-
cantly above average.
Pulse was recorded in 5-second intervals by Polar 
“heart rate” monitor (Polar 610i, Tampere/Finland).
Required equipment was treadmill, watch or sto-
pwatch, heart rate monitor (POLAR 610i) and 
POLAR software, device for temperature and 
humidity measuring (KIMO HD200, Kimo in-
struments, Montpon, France).
Subject had been walking for 2 km as fast as 
they could at a constant rate. On this basis, PO-
LAR software automatically calculated the re-
sults of UKK test. 
The results were presented as arithmetic mean 
and standard deviation. Correlation analysis and 
determination of the correlation coefficient with 
reference to the table values for the appropria-
te level of probabilities of an appropriate level 
of degrees of freedom. The relation of BMI and 

VO2max was evaluated using linear correlation 
test. The significance of differences between ari-
thmetic means of the indicators was tested using 
the Student t-test. 

RESuLTS 

The obtained mean value of BMI (23.05 ± 1.88) 
for the first group of subjects, characterized them 
as the people with normal weight, and the avera-
ge fitness index value of (89.9 ± 7.84) correspon-
ds the value of fitness category 2 (slightly below 
average). The values of a fitness index determi-
ning the fitness category are presented (Table 1).

Subject Age Weight 
(kg)

Height 
(cm) BMI 

UKK
Fitness 
index

Predicted 
HRmax

Predicted 
VO2max

1 22 70 191 19.2 94 198 47.4
2 29 78 192 21.2 101 191 47.5
3 41 75 185 21.9 89 188 38.9
4 22 81 192 21.9 81 199 42.4
5 23 67 171 22.9 104 184 51.5
6 27 83 187 23.7 95 190 46.3
7 39 89 189 24.9 81 187 36.2
8 39 93 193 24.9 87 190 38.2
9 30 91 191 24.9 84 187 37.3
10 35 95 195 25 83 187 36
x 30.7 82.2 188.6 23.05 89.9 190.1 42.3
SE 2.21 2.92 2.05 0.59 2.5 1.46 1.65

Table 1. The value of urho Kaleva Kekonen (uKK) test param-
eters and body mass index (BMI) of normal weight subjects 

UKK, Urho Kaleva Kekonen test; BMI, body mass index; HRmax, 
maximum heart rate; VO2max, maximal aerobic capacity, maximal 
oxygen consumption

Subject Age Weight 
(kg)

Height 
(cm) BMI 

UKK
Fitness 
index

Predicted 
HRmax

Predicted 
VO2max

1 43 85 180 26.2 79 186 39.8
2 34 86 180 26.5 84 185 39
3 32 88 182 26.6 95 185 44.7
4 30 90 183 26.9 84 186 40.8
5 38 90 180 27.8 76 185 34.9
6 36 96 185 28 62 190 30.1
7 34 101 190 28 90 182 41.4
8 39 98 186 28.3 70 183 31.6
9 40 100 185 29.2 75 183 33.3
10 38 96 180 29.6 67 184 31.4
x 36.4 93 183.1 27.7 78.2 184 36.7
SE 1.18 1.76 1.01 0.35 3.1 0.7 1.5

Table 2. The value of urho Kaleva Kekonen (uKK) test param-
eters and body mass index (BMI) of overweight subjects

UKK, Urho Kaleva Kekonen test; BMI, body mass index; HRmax, 
maximum heart rate;VO2max, maximal aerobic capacity, maximal 
oxygen consumption

The mean BMI value of the second group (27.7 
± 1:09) correspond to the category of people be-
ing overweight and average fitness index (78.2 ± 
9.79) belongs to the fitness category 2 (slightly 
below average) (Table 2). 
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In the third group of subjects, mean BMI value 
was 32.2 ± 1.31, and this group belongs to the ca-
tegory of obese I degree (moderate) obesity, and 
they, according to the mean fitness index (66.9 ± 
6.02) are in the fitness category 1 (significantly 
below average) (Table 3).

physically inactive or active person in Hungary, 
aged 24-62 years in order to determine VO2max 
using the UKK test using the Bland-Altman’s anal-
ysis, a good matching between the methods has 
been found, with a mean prediction error 0.05 mL/
min/kg. In another study, Kang, Laukkanen, Baek 
(18), examined physically untrained individuals in 
Korea and subjected them to the UKK test before 
and after a 12-week exercise program, taking into 
account the accuracy of the UKK test as much as 
on its sensitivity to detect fluctuations in VO2max.  
The UKK test was not only found reliable for 
VO2max, but it had a reliable sensitivity for the 
detection of fluctuations in the value of VO2max. 
Comparing our results with those of Laxmi’s 
study in which Queen’s College Step Test was 
used (21), or results of the study in which Pe-
ter Pribis and colleagues used the Astrand test 
(22), there is an inverse dependence (an increa-
se in one variable decreases the other variable) 
between the values of VO2max and BMI. Com-
mon fact for the previously listed studies is that 
in all of them submaximum tests were applied. 
Poor aerobic capacity in young people who have 
a tendency for weight gain can cause cardiovas-
cular comorbidity in the middle age (23,24).
In the last years, there have been several studi-
es about indirect indications of physical activity, 
such as walking during the day or any active par-
ticipation in physical activities (24-27).
Physical activity causes certain positive effects on 
the entire body. It has an influence on body weight 
and body composition by causing weight loss and 
loss of body fat (25). It has effects on the cardiovas-
cular system as though better mobility causes a de-
crease of blood pressure and lowering of heart rate. 
Flexibility increases, as well as coordination and 
strength. It also leads to increased self-esteem, de-
creased depression and improved socialization (26).
Physical activity reduces the metabolic risk factors 
(improving lipid profile, reducing hyperinsuline-
mia, improving insulin action and glucose toleran-
ce) (27). Physical activity that increases endurance 
is recommended, rather than the one that increases 
the power, and priority is given to activities carried 
out in the open air (27). Among them a walk is in 
the first place, so that we can recommend frequ-
ency, intensity and duration of these activities in a 
simple way by using the UKK test (28). 

Subject Age Weight 
(kg)

Height 
(cm) BMI 

UKK
Fitness 
index

Predicted 
HRmax

Predicted 
VO2max

1 35 108 190 30 77 184 36.1
2 36 104 185 30.4 75 183 34.6
3 33 101 179 31,5 66 182 32.9
4 37 102 180 31.5 68 181 31.2
5 35 110 184 32.1 74 182 34.2
6 35 100 175 32.6 61 180 30
7 38 98 172 33.1 63 179 31
8 39 108 180 33.3 63 179 29.4
9 37 99 172 33.4 63 177 29.2
10 40 99 170 34.2 59 177 28.6
x 36.5 102.9 178.8 32.3 66.9 180.4 31.7
SE 0.64 1.3 1.97 0.41 1.9 0.72 0.78

Table 3. The value of urho Kaleva Kekonen (uKK) test parameters 
and body mass index (BMI) of subjects with I degree of obesity

UKK, Urho Kaleva Kekonen test; BMI, body mass index; HRmax, 
maximum heart rate; VO2max, maximal aerobic capacity, maximal 
oxygen consumption

A high value BMI 32.2 and the mean predicted 
VO2max 31.72 according to UKK test were re-
corded for the third group (ten males aged 35-40 
years) as measures of cardiovascular (aerobic) 
capacity. Since that group of subjects represented 
a target category of this research, the correlation 
analysis and Student-test were performed with a 
corresponding probability and degree of freedom.  
After a correlation analysis of values of VO2max 
obtained by UKK test and BMI for the third gro-
up of subjects, the negative correlation coeffici-
ent was obtained (r = - 0,904 p<0.001), which 
means that there was a statistically significant 
correlation between VO2max and BMI(Table 3).

DISCuSSION

Several studies dealt with the issue of the asses-
sment of the relationship between BMI and VO-
2max values   that were obtained by the UKK test, 
as well as with checking the validity of the UKK 
walking test as an accurate indicator of capacity 
VO2 max in healthy individuals (17-20). They con-
cluded that the UKK test could be used as an im-
portantly reliable test to predict changes, VO2 max 
and that it is suitable for aerobic training of heal-
thy adults who are not professionally involved in 
sports. In one of these works, Zakariás, Petrekanits, 
and Laukkanena (19), which examines the average 
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Between the values of VO2max and BMI, an in-
verse correlation was found suggesting a nece-
ssity to maintain body mass in the optimal range, 
18.5 - 24.9, due to its impact on cardiovascular 
capacity. Poor aerobic capacity in young people, 
who have a tendency to weight gain, can cause 
cardiovascular comorbidity in middle age of life. 
In the third group of respondents, the first fitness 
category dominated.
The aim is to improve VO2max values, so that the 
Fitness index values   belonging to Fitness cate-

gory III dominate, meaning that the Fitness index 
values are   in the range 90-100 (mean).
Considering the frequency, duration and inten-
sity, physical activity should be adjusted to VO-
2max values   and appropriate Fitness category.
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Zavisnost aerobne sposobnosti od telesne mase
Snežana Radovanović1,2, Sanja Kocić1,2, Gordana Gajović3, Svetlana Radević1,2, Mirjana Milosavljević1,2, 
Jovan Nićiforović4
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SAŽETAK

Cilj  Utvrditi odnos indeksa telesne mase (BMI) i predviđenih vrednosti VO2max dobijenih  Urho Ka-
leva Kekonenovim (UKK) testom za I stepen gojaznosti. 

Metode  U istraživanju su učestvovale tri grupe od po deset ispitanika, muškog pola, različite staro-
sne dobi i različite fizičke kondicije, odabrane metodom slučajnog uzorka iz opšte populacije grada 
Kragujevca. Nakon što je određen BMI, na tredmilu je urađen UKK-ov test da bi se dobile vrednosti 
kardiovaskularne sposobnosti (VO2max) ispitanika. Na taj način, u laboratorijskim uslovima, dobijene 
su vrednosti predviđenog VO2max. Za prikupljene kontinualne varijable najpre je određena srednja 
vrednost i standardna devijacija, a zatim je urađena korelaciona analiza uz određivanje koeficijenta 
korelacije, kao i testiranje koeficijenta korelacije na osnovu Studentovog testa. 

Rezultati  Posle korelacione analize vrednosti VO2max, dobijenih po UKK-ovom testu, i BMI-a za 
treću grupu ispitanika (deset muškaraca starosti od 35 do 40 godina s prosečnim BMI od 32.2 ± 1.31 
) dobijena je negativna vrednost koeficijenta korelacije (r = - 0.904; p<0.001), pa je time utvrđena in-
verzna zavisnost ove dve veličine, odnosno s porastom vrednosti BMI-a opadaju vrednosti VO2max i 
obratno. U trećoj grupi ispitanika dominirala je I fitnes-kategorija (fitnes-indeks < 70, značajno ispod 
prosečne vrednosti). Cilj je bio da se poboljšaju vrednosti VO2max, tako da dominiraju vrednosti fi-
tnes-indeksa koje pripadaju III fitnes-kategoriji, odnosno da imaju vrednosti u rasponu od 90 do 100 
(prosečna vrednost).

Zaključak  Postojala je značajna negativna korelacija između BMI-a i VO2max (ml/kg/min). Ovo su-
geriše mogućnost uticaja telesne masti na kardiorespiratornu funkciju. 

Ključne reči: BMI, VO2max, UKK.
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ABSTRACT

Aim To analyze differences in quality of life between smokers and 
non-smokers in relation to socioeconomic factors. 

Methods This study was conducted on a sample of 600 respon-
dents equally divided in two groups, smokers (300) and non-smo-
kers (300). Former smokers were excluded. The study included 
both sexes equally further distributed into age groups: 19-34, 35-
49, 50-64 and 65-70 years. A questionnaire SF-36 to test the qu-
ality of life (36 questions measuring eight dimensions of quality 
of life) and questionnaire EuroQoL to examine the socioeconomic 
status was used. For the assessment of a given factor impact multi-
variant and univariant analyses of variance were used.  

Results A significant difference in the quality of life between smo-
kers and non-smokers according to the gender was found, but only 
at the subscales of physical functioning and bodily pain (p=0.000). 
An analysis of individual dimensions of quality of life in relation 
to marital status of smokers and non-smokers showed significant 
differences on the subscales of physical functioning (p=0.032), vi-
tality (p=0.0430) and mental health (p=0.016). An analysis of life 
quality in relation to smoking status of respondents and the ave-
rage monthly income showed that the average scores on all subs-
cales were higher in non-smokers compared to smokers (p=0.000) 
and they were increased with the average monthly income. 

Conclusion The results of this study prove that there are signifi-
cant differences in quality of life according to the smoking status. 
Also the socioeconomic factors which include age, gender, the 
surrounding, marital status, employment, total monthly income 
and level of education are of great influence on the quality of life 
with significant differences in relation to smoking status. 

Key words: EuroQoL, SF-36, smoking
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INTRODuCTION

Quality of life is a broad term that refers to total 
wellbeing of an individual in terms of physical, 
psychological, emotional, mental and social heal-
th. It is influenced by many factors such as age, 
gender, socioeconomic status, behavioral risk fac-
tors, environment and the absence or presence of 
the disease (1-3). Until 1988, smoking was consi-
dered to be only a harmful lifestyle habit (1). After 
1988, the World Health Organization (WHO) has 
launched a range of evidence to define smoking as 
an addiction and a disease that requires serious tre-
atment (1). Scientifically many harmful consequ-
ences such as respiratory diseases, heart diseases 
and cancer due to smoking have been confirmed 
(4). In addition, they reflect on the health of in-
dividuals, populations and community as a whole 
(4). Numerous studies have shown that the effects 
of smoking on individuals health directly depend 
on multiple factors such as bodily constitution of 
a smoker, hereditary traits, age, gender, duration 
of smoking, number of cigarettes smoked per day 
and presence of other risk behavior factors (4-6). 
Bosnia and Herzegovina is on the top of the list 
of countries in the region with the highest presen-
ce of smoking habit (5). 
The aim of this study was to examine differences 
in quality of life of persons who consume tobacco 
compared to those who are non-smokers in order 
to determine the effects of smoking on the indivi-
dual level as well as the connection between soci-
oeconomic factors and the quality of life of these 
groups. The purpose of this research was to point 
out the influence of smoking on quality of life, 
which could be of assistance both to clinicians in 
their everyday work with the patients and to the 
researchers in more comprehensive evaluation of 
the respondents’ life quality. 

EXAMINEES AND METhODS

The study was conducted on a sample of 600 
examinees who were divided into two groups. 
The first group consisted of regular smokers (300 
subjects) and the second group consisted of non-
smokers (300 subjects). Former smokers were 
not included in the study.
The study represents both genders equally, as 
well as respondents by their place of residence, 
rural and urban areas. Both groups of respon-
dents were further distributed into age groups: 

19-34 years, 35-49 years, 50-64 years and 65-70 
years. In each age group there were equally dis-
tributed 75 smokers and 75 nonsmokers. 
The inclusion criteria were smokers, permanent 
residence in the Canton of Sarajevo, continuous 
tobacco use for the last 5 years, not taking other 
narcotic substances. Inclusion criteria for the con-
trol group were non-smokers, permanent residence 
in the Canton of Sarajevo, persons who had never 
used tobacco, not taking other narcotic substances.
A self-reporting questionnaire designed for this re-
search was used. The questionnaire was developed 
in two parts, SF-36 to test the quality of life (36 
questions measuring eight dimensions of quality of 
life) and the EuroQoL questionnaire to test socio-
economic status (gender, age, place of residence, 
marital status, education level, average monthly 
income, employment status). For this investigation 
the approval of the Ethics Committee of the School 
of Medicine,University of Sarajevo was obtained, 
and all examinees signed informed consents.
All data obtained from the survey were entered into 
a database. In the analysis, methods of descriptive 
statistics were applied measuring central tendency 
(arithmetic Mean), measures of variability such as 
the interval of variation (min-max) and standard de-
viation (SD) including relative numbers. To assess 
the impact of these factors on quality of life, anal-
ytical statistics univariate and multivariate analysis 
of variance AMOVA and MANOVA were used.
Results of all used test were considered as stati-
stically significant if the p value was below 0.05, 
or at the significance level of 95%.

RESuLTS

By analyzing the mean scores of quality of life on 
individual subscales compared to gender and smo-
king status, it can be seen that non-smokers had a 
higher quality of life scores compared to smokers in 
all subscales (Table 1), but there was a statistically 

Parameter
Quality of life score (Mean)

pSmoker Non Smoker
Males Females Males Females

Physical functioning 77.80 74.70 79.77 73.03 .024
Physical role 4.05 3.95 4.11 3.97 .081
Emotional role 3.94 3.96 4.22 4.00 .272
Vitality 57.77 57.50 60.30 57.95 .200
Mental health 58.39 60.27 60.93 61.87 .272
Social functioning 73.75 69.08 74.75 72.67 .077
Physical pain 80.23 74.32 80.58 75.53 .001
General health 60.97 58.67 64.17 60.70 .083

Table 1. Quality of life of subjects in relation to their smoking 
status and gender
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significant difference on the subscales of physical 
functioning and bodily pain (p=0.000) (Table 1). 
The analysis   of the quality of life score mean valu-
es between smokers and nonsmokers in relation to 
the age (age groups) showed a statistically signifi-
cant difference (p=0.000) (Table 2). Analyzing the 
scores for individual dimensions of quality of life 
in relation to marital status of smokers and non-
smokers significant differences existed on the su-
bscales of physical functioning (p=0.032), vitality 
(p=0.0430) and mental health (p=0.016). 

The analysis of the individual subscale scores 
mean values of quality of life between smokers 
and non-smokers in relation to their level of edu-
cation showed a statistically significant diffe-
rence between smokers and non-smokers in all 
observed subscales (Table 3).
The analysis   of the individual subscale score 
mean values of quality in relation to smoking 
status of respondents and the average monthly 
income showed significant differences between 
smokers and non-smokers. Average scores on all 
subscales of quality of life were higher in smo-
kers compared to non-smokers and they increa-
sed with the average monthly income (p=0.000) 
(Table 4). By analyzing the mean scores of in-
dividual sub-scales of quality of life in terms of 
employment of the respondents, the employed 
respondents had higher scores in all sub-scales of 
quality of life and smokers had lower scores than 
non-smokers with confirmed statistically signifi-
cant differences (Table 5) (p=0.000).
In the domain of abilities for performing various 
physical activities and degree of limitation in the-

Quality of life score (Mean)
p

Parameter Smoker age group (years) Non-smokers age group (years)
19-34 35-49 50-64 65-70 19-34 35-49 50-64 65-70

Physical functioning 89.27 86.07 72.47 57.20 96.00 89.33 69.07 51.20 .000
Physical role 4.44 4.38 3.88 3.29 4.59 4.38 3.82 3.24 .000
Emotional role 4.22 4.16 4.03 3.40 4.43 4.45 3.96 3.60 .000
Vitality 61.73 59.73 59.13 49.93 64.60 63.40 53.60 53.27 .000
Mental health 61.92 61.12 58.81 55.47 64.59 66.77 57.23 57.01 .000
Social functioning 76.33 79.33 73.17 56.83 81.50 79.17 72.50 61.67 .000
Physical pain 86.07 80.90 78.30 67.83 91.67 83.03 72.83 64.70 .000
General health 68.80 67.27 57.20 46.00 76.67 67.20 55.13 50.73 .000

Table 2.  Quality of life of subjects in relation to their smoking status and age

Parameter

Quality of life score (Mean)

pEducation level 
(years) of smokers

Education level (ye-
ars) of non-smokers

8 8-12 12+ 8 8-12 12+
Physical functioning 55.41 78.71 82.60 56.38 73.64 91.36 .000
Physical role 3.20 4.07 4.26 3.40 3.93 4.45 .000
Emotional role 3.25 4.09 4.09 3.59 4.17 4.35 .000
Vitality 49.29 58.74 60.00 51.15 58.84 63.05 .000
Mental health 50.86 61.52 60.23 54.58 62.08 64.65 .000
Social functioning 58.42 71.15 73.68 66.54 73.00 78.75 .000
Physical pain 62.86 72.5 82.74 67.69 75.92 86.61 .000
General health 48.47 60.78 63.80 53.00 59.40 71.45 .000

Table 3. Quality of life of subjects in relation to their smoking 
status and level of education

Parameter

Quality of life score
F pSmoker average monthly income (KM) Non-smokers’ average monthly income (KM)

<500 500-1500 >1500 <500 500-1500 >1500

Physical functioning
Mean 67.72 76.46 83.61 62.54 76.78 86.47

36.599 .000
Std. Deviation 28.46 25.33 19.71 32.95 27.45 21.57

Physical role
Mean 3.90 3.98 4.15 3.67 3.97 4.36

12.564 .000
Std. Deviation 1.09 1.12 1.00 1.13 1.10 .98

Emotional role
Mean 3.88 3.89 4.20 3.90 4.04 4.50

16.445 .000
Std. Deviation 1.15 1.09 .88 1.18 1.04 .75

Vitality
Mean 56.49 56.46 62..001 55.59 58.34 67.00

9.099 .003
Std. Deviation 16.23 16.24 13.56 18.96 17.01 13.75

Mental health
Mean 57.82 58.54 63.08 56.07 61.18 66.08

16.045 .000
Std. Deviation 17.22 15.52 11.74 17.30 16.65 11.75

Social functioning
Mean 64.25 71.84 76.84 68.64 72.44 80.50

17.144 .000
Std. Deviation 24.14 22.73 22.80 27.40 23.09 23.99

Physical pain
Mean 72.11 79.78 79.55 67.80 77.58 87.20

18.968 .000
Std. Deviation 27.50 24.19 22.76 32.87 25.23 16.58

General health
Mean 56.14 60.08 62.46 53.98 63.37 67.00

13.736 .000
Std. Deviation 20.00 19.59 19.74 23.85 21.06 20.57

Table 4. Quality of life of subjects in relation to their smoking status and average monthly income



213

se activities during the day (physical function), hi-
gher average scores showed non-smokers in urban 
than in the rural environment.  In terms of encoun-
tering difficulties in performing professional tasks 
or other regular activities (physical role) higher 
average scores showed non-smokers of urban en-
vironment but not in rural environment (p=0.000). 
Observing vitality (feeling that things are going 
easy) higher scores showed non-smokers in both 
urban and rural areas compared to smokers. The 
same finding was found when it comes to the re-
ference of “mental health”. Socially functioning 
scores of non-smokers both in urban and rural are-
as showed higher mean values than the total score, 
in relation to smokers from both environments. 
In the area of opportunities for performing various 
physical activities and degree of limitation in these 
activities during the day, with the health state on 
the day of polling, higher average scores occurs in 
non-smokers age groups of 50-64 and 65-70 years 
(Table 2). In terms of facing difficulties in perfor-
ming professional tasks or other regular activities 
the higher average scores showed non-smokers 
compared to smokers only in the age group from 
19-34 years. By observing the subscale of vitality 
(feeling that things are going easy) higher scores 
were found in non-smokers compared to smokers 
in all age groups except the age group of 50-64 ye-
ars (p=0.000) (Table 2). The mental health subscale 
scores showed that non-smokers compared to smo-
kers had higher scores in all age groups except the 
group of 50-64 years (p=0.000) (Table 2).  The so-
cial functioning subscale scores were higher among 
non-smokers compared to smokers in all age gro-
ups except the group from 34-49 and from 50-64 
years (p=0.000) (Table 2).  Analyzing the subscale 
of physical pain we found higher scores in non-
smokers at the age groups from 19-34 and from 
35-49 years and on the subscale of general health 

only the oldest respondents showed higher scores 
associated with non-smoking status (Table 2).

DISCuSSION 

Very few studies have been done assessing the 
quality of life of smokers (1-3). Studies that were 
done investigated the quality of life of smokers but 
did not take into account the multifactorial influ-
ence on their quality of life, which is partly done 
in this study (3). Among the first studies that have 
examined the quality of life of smokers it was the 
Helsinki study in which the comparison of indivi-
dual subscale scores for quality of life of respon-
dents showed that heavy smokers had the lowest 
scores on all subscales and live 10 years less than 
non-smokers (6). In the Helsinki study, the sample 
was homogenized with regard to socio-economic 
characteristics so that it could not exclude the in-
fluence of socioeconomic factors on quality of life 
of subjects. Our study took into account socioeco-
nomic factors and carried out the comparison of 
quality of life in relation to the age of the respon-
dents, their gender, economic status, employment, 
education level, the place of origin but also regar-
ded the quality of life in relation to health and di-
sease. Castro study (7) shows that smokers have 
lower scores in four basic dimensions of quality 
of life in relation to non-smokers and these are 
the physical health, mental health, social relati-
ons, and vitality. Measuring quality of life in our 
study compared to the surrounding in which the 
respondents lived showed statistically significant 
differences only in the dimension of general health 
where the significantly higher average scores were 
recorded in urban areas. A study in the general po-
pulation of Spain in 2003 proved that there were 
significant differences in quality of life according 
to the smoking status between males and females. 
Lifestyles (smoking tobacco, obesity) were nega-
tively associated with social functioning and gene-
ral health as well as subscales of quality of life (8).
A study conducted in Singapore 2002 (9) mea-
suring quality of life of respondents from rural 
and urban populations in relation to gender, age 
and living environment, showed significant diffe-
rences in quality of life in all dimensions among 
respondents from rural and urban areas. In our 
research we have carried out a comparative anal-
ysis of quality of life scores of subjects from the 
aspect of tobacco smoking and numerous diffe-

Parameter

Quality of life score (Mean)

pSmoker Non-smoker
Unem-
ployed Employed Unem-

ployed Employed

Physical functioning 53.71 82.12 48.72 87.52 .000
Physical role 3.16 4.22 3.04 4.39 .000
Emotional role 3.34 4.11 3.44 4.38 .000
Vitality 44.76 60.99 44.88 67.28 .000
Mental health 51.94 61.27 49.91 66.02 .000
Social functioning 60.69 74.21 57.70 80.14 .000
Physical pain 66.53 81.33 57.47 86.33 .000
General health 40.89 64.75 40.29 71.33 .000

Table 5. Quality of life of subjects in relation to their smoking 
status and employment
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rences have been found, both in relation to certa-
in dimensions of quality of life, and in relation to 
gender and living environment.
The comparison of quality of life in the populati-
on of permanent smokers with the quality of life 
of non-smokers and socio-economic characteri-
stics and their quality of life in a study conducted 
on Asian population showed that there was no si-
gnificant correlation between better overall quali-
ty of life on one hand and higher incomes, higher 
levels of education and social support within fa-
milies, on the other (9). In our research, however, 
the analysis of the relationship of education level 
and quality of life suggests that the higher level 
of education leads to higher score in almost all 
dimensions of quality of life. 
Very similar to our study (by the sample and rese-
arch goals) was the study carried out in Lebanon 
2003 in which significant influence of socioeco-
nomic status of respondents in their quality of 
life was found. Our results showed statistically 
significant negative correlation between quality 
of life and age of the respondents from both so-
cioeconomic status environment, and the biggest 
impact of age, as expected, was observed in the 
case of physical functioning and lowest one on 
mental health. Research conducted in Croatia in 
2003 showed that the increasing age significantly 
decreases the score of general health in the sub-
group of smokers. Smokers older than 65 years 
show significant differences in quality of life in 
relation to their gender so that female smokers 
have better overall quality of life scores, while 
male smokers show a significant decline (10). In 
our research the analysis of the impact of total 
household income on certain dimensions of fun-
ctioning in rural and urban areas showed a po-
sitive impact of income at all subscales but was 
more pronounced in urban than in rural areas. For 
respondents from urban areas there was a stati-
stically significant positive correlation of total 
income in the household for all scales with the 
most pronounced for physical functioning  and 
lowest for physical pain. A study conducted in 
Lebanon 2003 showed very low and low inco-
me in about 25.5% of the surveyed families, and 
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SAŽETAK 

Cilj  Analizirati razlike u kvalitetu života između pušača i nepušača u odnosu na njihov socioekonomski 
status.

Metode  U studiju je bilo uključeno 600 ispitanika, podijeljenih u dvije grupe, 300 pušača i 300 nepu-
šača. Bivši pušači bili su isključeni iz studije. U studiju je bio uključen jednak broj ispitanika oba spola, 
koji su bili podijeljeni u četiri dobne skupine: od 19 do 34 godine, od 35 do 49, od 50 do 64 i od 65 do 
70 godina. Korišteni su upitnici SF-36 za testiranje kvaliteta života (36 pitanja kojima se evaluira osam 
dimenzija kvaliteta života), te EuroQol upitnik za evaluaciju socioekonomskog statusa.

Rezultati  Ustanovljena je značajna razlika u kvalitetu života između pušača i nepušača u odnosu 
na spol, ali samo na podljestvicama fizičkog funkcioniranja i tjelesne boli (p=0,000). Analiza pojedi-
nih dimenzija kvaliteta života u odnosu na bračni status pušača i nepušača pokazala je značajne razli-
ke na podljestvicama fizičkog funkcioniranja (p=0,032), vitalnosti (p=0,0430) i mentalnog zdravlja 
(p=0,016). Analiza kvaliteta života u odnosu na pušenje i prosječni mjesečni prihod pokazala je kako 
su prosječni rezultati svih testova bili veći u nepušača u usporedbi s pušačima (p=0,000), te kako su se 
povećavali s povećanjem prosječnih mjesečnih prihoda.

Zaključak  Rezultati ovog istraživanja još su jednom dokazali postojanje značajne razlike u kvalite-
tu života između pušača i nepušača. Također su ukazali na veliki utjecaj socioekonomskih faktora, 
uključujući dob, spol, okruženje, bračni status, status zaposlenja, ukupna mjesečna primanja i nivo 
obrazovanja, koji su se značajno razlikovali u odnosu na pušački status.

Ključne riječi: EuroQoL, SF-36, pušenje
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ABSTRACT

Aim To investigate outpatient consumption of antibiotics during 
the 2006-2010 period in the City of Zagreb and compare it with 
other European countries.

Methods Data on outpatient consumption of antibiotics were 
obtained from all pharmacies in the City of Zagreb. Based on the 
data obtained, the number of defined daily doses per 1000 inhabi-
tants per day (DDDs/TID) were calculated for each ATC subgro-
up. Drug Utilization 90% (DU90%) method and ratio indicators 
were used for the assessment of drug prescribing quality.

Results During the period of five years total antibiotics consump-
tion has declined from 37.38 DDDs/TID in 2006 to 33.28 DDDs/
TID in 2010. The most frequently prescribed subgroup was peni-
cillins (J01C). DU90% segment included 10 out of a total of 32 
antibiotics in the year 2006 and 10 out of a total of 23 antibiotics 
in the year 2010.  Leading position in the consumption, in 2006 
and 2010, was held by broad-spectrum antibiotics, moreover their 
consumption increased in 2010.

Conclusion Consumption of antibiotics in Zagreb is still very 
high and is similar to the consumption in European countries with 
the highest consumption of antibiotics. Reduced consumption of 
narrow-spectrum antibiotics and unjustified increase in the con-
sumption of broad-spectrum antibiotics suggess that physicians do 
not follow clinical guidelines.

Key words: drugs, utilization, ACT/DDD methodology, ambula-
tory care
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INTRODuCTION

Antibiotics are among the most widely prescri-
bed drugs. Their discovery brought many benefits 
and because of that they are often called “miracle 
drugs” (1). However, with the beginning of their 
use, resistance to them started to develop. Today, 
resistance has become a global threat because all 
the benefits that antibiotics have brought could be 
irretrievably lost (1-3). Furthermore, infections 
caused by resistant microorganisms are difficult 
and often recurrent, leading to the need for new 
drugs, more clinical trials and for longer hospital 
stayg which is an enormous economic problem 
(1-4). For these reasons antibiotic consumption 
and resistance have become a topic of numerous 
studies whose data allow detection of crisis are-
as. It also influenced the development of many 
national programs aimed at tracking antibiotic 
resistance and its prevention (1-3). In Europe in 
2009, Croatia was ranked 12th by antibiotic con-
sumption among 32 countries. Therefore, Croatia 
is one of the countries with a high consumption 
of antibiotics (5). The aim of this study was to 
investigate outpatient consumption of antibiotics 
during the 2006-2010 period in the City of Zagreb 
and comparison with other European countries.

METhODS

Data on the outpatient utilisation of antibiotics in 
the City of Zagreb were collected during the years 
2006-2010. Data were obtained from all pharma-
cies in Zagreb. To calculate antibiotics consump-
tion Anatomical Therapeutil Chemical Classifi-
cation System With Defined Daily Doses, (ATC/
DDD) methodology of the World Health Organi-
zation (WHO) was used (6-10). Based on the data 
obtained  the number of DDD and DDD per 1000 
inhabitants per day (DDDs/TID) was calculated 
for each individual drug using ATC indexes with 
DDDs for 2006-2010 as the standard rate for the 
monitoring of drug consumption and in that way 
data obtained become comparable between moni-
tored years and different communities. Using the 
ATC/DDD methodology, the total consumption of 
systemic antibiotics (J01) for each reference year 
was calculated and the consumption of each sub-
group and for each antibiotic by the generic name 
was also calculated. As a measure of rationality of 
antibiotics prescribing ratio indicators were cal-
culated: beta-lactam antibiotics / antibiotics for 

systemic use (J01D/J01), quinolone antibiotics / 
antibiotics for systemic use (J01M/J01), penicillin 
/ antibiotics for systemic use (J01C / J01), amoxi-
cillin / amoxicillin + amoxicillin in combination 
with clavulanic acid (J0CA04/J0CA04 + J0CR02) 
(11). Drug Utilisation 90% (DU90%) method was 
used for the assessment of drug prescribing quality 
at the population level and total cost/DDD, cost/
DDD within DU 90% segment, cost/DDD outside 
DU 90% segment were calculated (12). 

RESuLTS

Total consumption of antibiotics in the period from 
2006 to 2010 have decreased from 37.38 DDDs/
TID in 2006 to 33.28 DDDs/TID in 2010. During 
the study period the most prescribed subgroup was 
penicillins (J01C). Penicilins also had the greatest 
decreasenin the consumption from 18.53 DDDs/
TID in 2006 to 15.68 DDDs/TID with lowest 
consumption in 2008 (13.71 DDDs/TID). Slighy 
decrease in the consumption was recorded in tetra-
cyclines (J01A), sulphonamides and trimethoprim 
(J01E) and quinolons (J01M). During all 5 years 
cephalosporins (J01D) were the second most pres-
cribed subgroup. Their highest consumption was 
recorded in 2010 with 7.83 DDDs/TID and the 
lowest in 2007 with 4.95 DDDs/TID (Table 1). 

Therapeutic
subgroup 
code

Name of therapeutic 
subgroup

DDDs/TID*

2006 2007 2008 2009 2010

J01A Tetracyclines 2.54 1.44 1.44 2.08 1.91

J01C Beta-lactam antibacte-
rials, penicillins 18.53 14.00 1371 16.98 15.68

J01D Other beta-lactam 
antibacterials 7.65 4.95 5.39 7.67 7.83

J01E Sulfonamides and 
trimethoprim 1.39 1.26 1.13 0.86 0.75

J01F Makrolides, lincosami-
des and streptogramins 4.04 3.24 3.15 4.33 4.19

J01G Aminoglycoside anti-
bacterials 0.15 0.16 0.27 0.38 0.19

J01M Quinolone antibac-
terials 2.16 1.34 1.44 1.90 1.71

J01X Other antibacterials 0.91 0.44 0.63 0.93 1.03
J01 Antibacterials for systemic 
use total: 37.38 26.82 27.17 35.12 33.28

Table 1. Outpatient utilization of antibiotics by ATC code in 
Zagreb during the period 2006-2010

*Number of defined daily doses per thousand inhabitants per day

Table 2 presents drugs within the DU 90% segment 
for 2006 and 2010, share of their consumption wit-
hin the group J01 (antibiotics for systemic use), cost 
per defined daily doses (cost / DDD) expressed in 
HRK within the DU 90% segment outside DU 90% 
segment and the overall cost/DDD. DU 90% se-
gment included 10 out of a total of 32 antibiotics in 
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the year 2006 and 10 out of a total of 23 antibiotics 
in the year 2010. Lower total cost/DDD, cost/DDD 
within DU 90% segment, cost/DDD outside DU 
90% segment was recorded in 2010. The greatest 
increase in the consumption was showd by amoxi-
cillin in combination with clavulanic acid, with 
6.6% increase in 2010 and cefurixime with 3.3% 
increase in 2010 as compared with 2006. Consump-
tion increase was also recorded in clarithromycin 
and nitrofurantion. The greatest consumption dec-
line was observed for amoxicillin whose share in 
the consumption of drugs in 2010 was lower for 
4.69% and benzathine penicillin whose share in the 
consumption of drugs in 2010 was lower for 4% 
as compared with 2006. Also consumption of azit-
hromycin, doxycycline, cephalexin and norfloxacin 
was lower in 2010 than in 2006.  
The ratio indicators for the period 2006-2010 are 
presented in Table 3. Included ratios were J01D/

J01, J01M/J01, J01C/J01, J0CA04/J0CA04 + 
J0CR02. Ratio indicators showed decrease in the 
consumption of penicilins and amoxicillin, in-
crease in the consumption of cephalosporins and 
amoxicillin in combination with clavulanic acid, 
while index account for quinolones did not chan-
ge significantly during the five years.

DISCuSSION

Southern European countries have the highest 
antibiotic consumption in Europe (13). Croatia is 
partially a south European country and it has high 
antibiotic consumption. Due to high antibiotics 
consumption Croatia monitors bacterial resistance 
to antibiotics and their consumption. Besides that, 
Croatia is trying to rationalize the use of antibioti-
cs through various activities (14). Comparison of 
antibiotics consumption for 2009 between Zagreb, 
Croatia and other European countries revealed 
that City of Zagreb has a higher consumption than 
Croatia and that antibiotic consumption in Zagre-
biwas like antibiotic consumption in France, Gree-
ce and Italy, which are European countries with 
the highest antibiotic consumption in Europe (5). 
High antibiotics consumption in Zagreb might be 
explained by the fact that Zagreb is the biggest city 
in Croatia with 790 017 inhabitants. Due to daily 
migration about 100 000 people come to Zagreb 
every day. Moreover 43% of the Croatian health 
care resources are located in Zagreb and Zagreb 
has highest number of pharmacies in Croatia. 
Consequently a great deal of people takes their 
prescription drugs in Zagreb pharmacies and visit 
physicians (15). Also acute respiratory tract infec-
tions in the City of Zagreb are on the first place of 
morbidity in all age groups and forasuct infections 
physicians prescribe large amounts of antibiotics 
(16, 17). As in Zagreb and Croatia penicillins have 
been a leading group by consumption in Europe 
for years. Comparison of penicillins consumption 
for 2009 between Zagreb and Croatia revealed it 
to be almost 2 times greater in Zagreb (5). Compa-
rison of distribution of cephalosporin consumpti-
on in 2009 showed to be 2 times greater in Zagreb 
than in Croatia and it is like tha consumption in 
European countries, which have the highest anti-
biotic consumption in Europe (5). Irrational use of 
ceohalosporines does not only induce resistance 
but also represents an economic burden. In Croa-
tia one of the problems of resistance is high rate of 
invasive Klebsiella pneumoniae strains resistant 

Rank
2006 year 2010 year

Drug name %* Drug name %*

1. Amoxicillin +
clavulanic acid 27.16 Amoxicillin +

clavulanic acid 33.79

2. Cefuroxime 14.71 Cefuroxime 18.04

3. Benzathine-ben-
zylpenicillin 11.42 Benzathine-

benzylpenicillin 7.42

4. Amoxicillin 10.60 Amoxicillin 5.91
5. Doxycycline 6.22 Azithromycin 5.82
6. Azithromycin 5.10 Doxycycline 5.72
7. Norfloxacin 4.03 Doxycycline 5.02
8. Doxycycline 3.90 Nitrofurantoin 3.08
9. Cephalexin 3.86 Cephalexin 2.88

10. Sulfamethoxazole 
+ trimethoprim 3.72 Norfloxacin 2.78

Total (%) 90.71 90.46
No. of drugs within 
DU 90% segment 10 10

Total number of  
drugs† 32 23

Total cost/DDD 6.13 5.24
Cost/DDD within 
DU 90% segment 6.12 4.95

Cost/DDD outside 
Du 90% segment 10.69 7.92

Table 2. Antibacterials for systemic use (J01) within drug 
utilization (DU) 90% and cost per Defined Daily Doses (DDD) 
in HRK total, within and beyond DU 90% segment in Zagreb 
for the years 2006 and 2010

*share of total drug consumption of group J01 issued against a 
prescription; †total number of drugs of group J01 obtained from 
pharmacies in the City of Zagreb issued against a prescription HRK, 
currency of Croatia 

Year
2006 2007 2008 2009 2010

J01D/J01 20.46 18.44 19.83 21.83 23.53
J01M/J01 5.78 5.00 5.31 5.40 5.13
J01C/J01 49.61 52.20 50.48 48.36 47.12
J0CA04/J0CA04+J0CR02 28.07 31.74 29.67 18.23 14.89

Table 3. Trend of ratio indicators (J01D/J01, J01M/J01, J01C/
J01, J0CA04/J0CA04+J0CR02) in Zagreb during the period 
2006-2010
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to third-generation of cephalosporins (14, 15). In 
2009, besides subgroup J01C and J01D, consump-
tion of all other subgroups in Zagreb was similar 
to the consumption in Croatia and in Europe (5).
Differences between DU 90% segment in 2006 and 
2010 could be result of a smaller total number of 
drugs within J01 group issued on prescription in 
2010 and the reduction in the price of certain dru-
gs. Increased consumption of amoxicillin in com-
bination with clavulanic acid cefuroxime in 2010 
could be driven by their larger number on the basic 
list of drugs in 2010 and their lower price in 2010. 
Reduced consumption of amoxicillin and benzat-
hine penicillin in 2010 was not caused by the price 
because there has been a reduction in the price of 
amoxicillin while the price of benzathine penicillin 
was the same in 2006 and 2010s. Furthermore, the-
re were no changes in their number in the basic list 
of drugs. A cause of this condition may have been 
irrationality and non-compliance with clinical gu-
idelines that have also been recorded in other Eu-
ropean countries (18). In 2006 nitrofurantion was 
not among the drugs that made DU 90% segment, 
while in 2010 it was in 8th place. It is an effective 
drug with a low rate of resistance recommended 
for urinary tract infections (19). Its use restricts the 
use of quinolones which are known to induce re-
sistance (20). European countries have a problem 

with a high rate of resistance to quinolones, while 
in Croatia, resistance to quinolones is still not high, 
but slowly growing (14,21). It has been proved that 
individuals prescribed an antibiotic in primary care 
develop bacterial resistance to that antibiotic which 
can last up to a year after the treatment (22). Pre-
venting the growth of resistance is possible through 
rational use of antibiotics, which can be achieved 
through a complex intervention aimed at physici-
ans and patients (23). As an additional help in the 
assessment of quality of prescription drugs, ratio 
indicators have been developed. Calculated ratio 
indicators for Zagreb have confirmed the status of 
antibiotic consumption. 
The results of this study have shown that physicians 
have uncritical attitude towards the use of antibioti-
cs and that they do not comply with easily accessi-
ble clinical guidelines. Therefore, in the City of Za-
greb education of physicians and patients about the 
hazards of using antibiotics should be intensified. 
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Izvanbolnička potrošnja antibiotika u gradu Zagrebu u razdoblju 
od 2006. do 2010. godine
Anja Golub¹, Danijela Štimac²,3

¹Ordinacija obiteljske medicine “Zdenka Orlović, dr. med., spec. obit. med.”, Velika Gorica; 2Zavod za javno zdravstvo Zagreb; 
3Sveučilište u Zagrebu, Medicinski fakultet, Zagreb; Hrvatska

SAŽETAK
Cilj  Istražiti izvanbolničku potrošnju antibiotika u razdoblju od 2006. do 2010. godine u gradu Zagrebu 
i usporediti je s drugim europskim zemljama.
Metode  Podaci o izvanbolničkoj potrošnji antibiotika dobiveni su od svih ljekarni u gradu Zagrebu. Na 
temelju dobivenih podataka, za svaku ATK skupinu, izračunat je broj definiranih dnevnih doza na 1000 
stanovnika na dan (DDD/1000 stanovnika/dan). Za procjenu kvalitete propisivanja antibiotika korišteni 
su Drug Utilization 90% (DU 90%) i ratio indikatori.
Rezultati  Ukupna potrošnja antibiotika, u toku pet godina, smanjila s 37,38 DDD/1000 stanovnika/
dan u 2006. godini na 33,28 DDD/1000 stanovnika/dan u 2010. godini. Najpropisivanija skupina u toku 
svih pet godina bila je skupina penicilina (J01C). DU 90% segment 2006. i 2010. godine činilo je deset 
lijekova, dok je ukupan broj lijekova skupine J01 2006. bio 32, a 2010. godine bio 23. Prva dva mjesta 
po potrošnji, 2006. i 2010. godine, zauzeli su antibiotici širokog spektra, uz povećanje njihove potrošnje 
u 2010. godini.  
Zaključak Potrošnja antibiotika u gradu Zagrebu još uvijek je vrlo visoka, te je slična potrošnji u 
europskim zemljama koje imaju najvišu potrošnju antibiotika. Smanjenje potrošnje antibiotika uskog 
spektra, te neopravdano povećanje potrošnje antibiotika širokog spektra, ukazuje na to da se liječnici ne 
pridržavaju kliničkih smjernica.
Ključne riječi: lijekovi, potrošnja, ACT/DDD metodologija, ambulantno liječenje
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ABSTRACT

Aim Information disseminated by medicines information systems is 
not always easy to apply. Nowadays internet provides access to enor-
mous volume and range of health information that was previously ina-
ccessible both for medical specialists and consumers. The aim of this 
study is to assess internet as a source of drug and health related infor-
mation and to create test methodology to evaluate the top 10 visited 
health-related web-sites in Bulgaria.

Methods Using existing scientific methodologies for evaluation 
of web sources, a new algorithm of three-step approach consisting 
of score-card validation of the drug-related information in the 10 
most visited Bulgarian web-sites was created. 

Results In many cases the drug information in the internet sites 
contained errors and discrepancies. Some of the published mate-
rials were not validated; they were out-of-date and could cause 
confusion for consumers. 

Conclusion The quality of the online health information is a cause 
for considerable information noise and threat to patients’ safety 
and rational drug use. There is a need of monitoring the drugs in-
formation available online in order to prevent patient misinforma-
tion and confusion that could lead to medication errors and abuse. 

Key words: Internet, health, health information, drugs, patients
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INTRODuCTION

The Internet is an important channel and mass 
media for people seeking information about al-
most any subject including information about 
health and drugs (1-3). The number of patients/
consumers who draw on the Internet for their 
personal needs is continuously growing (4). Ac-
cording to previous studies, one of the key rea-
sons for this is the variety of information sources 
and the anonymity and confidentiality of Inter-
net consultations (5). A major issue relevant to 
public health is the quality of health information 
on the Internet and the impossibility to control 
it. Despite the efforts for standardization of in-
formation, the health information on the global 
net remains unregulated and varies substantially 
in terms of quality, accuracy and readability (6).
The concept of data quality is a critical issue in 
relation to online information and has been wi-
dely discussed in the literature. From the softwa-
re point of view the accepted quality standard is 
ISO/IEC 9126.  However, a number of attribu-
tes (intrinsic, operational, contextual, and repre-
sentational) is relevant to the portal data quality 
(7). The data quality depends also on the point 
of view – inherent or system dependent (8). The 
automatic tools for assessing the data quality of 
web-portal permits to improve the quality of on-
line information and provide the necessary gui-
delines for this amelioration (9).  
The risk for patients could be mitigated by intro-
ducing precise and critical methods for evalua-
tion of health information on Internet sites, thus 
assisting the users in finding reliable and verified 
online sources (10). There is a substantial number 
of approaches and tools for evaluation of infor-
mation on web sites, nevertheless, many of them 
are difficult to use, since they consist of complex 
elements which make their use inefficient (11). 
Some of them involve electronic filtering of web-
based information, creating of ethical codes of 
conduct for suppliers of web-based information 
(so far on voluntary basis) and assessment of the 
Internet sites by medical professionals (12). One 
additional approach is creating and publishing 
tools for evaluation of reliability and usefulness 
of Internet information. This allows the users to 
evaluate themselves information available on 
the Internet (12). The DISCERN tool is a brief 
questionnaire which provides users with valid 

and reliable way of assessing the quality of writ-
ten information on treatment choices for a health 
problem (13). This tool permits appraisal of on-
line information from the users’ point of view as 
done by Hargrave et al. (14).
Usefulness, reliability and validation of the cur-
rently available tools are quite limited (15). The 
WHO publication “Medical products and the In-
ternet, a guide to finding reliable information” 
contains descriptions of important aspects of the 
process of using the Internet as information me-
dium for health, medicine and medications, as 
well as ways to evaluate such information (16). 
There is a description of the minimum of infor-
mation that a web site should contain: clear in-
dication of the name and the contact data of the 
site owner, clear indication of the organization(s) 
providing assistance for financing, servicing or 
other type of support, an explicit statement con-
cerning advertisement or sponsorship form and 
the source of financing, target audience of the 
site – consumers, medical professionals or other 
category of audience, date of the last update of 
information.
Some of the likely problems may be a failure to 
recognize lack of inclusion of important informa-
tion (17), failure to distinguish objective infor-
mation from biased information (18), failure to 
differentiate data and statements based on evi-
dence, from such not based on evidence (19), and 
misinterpretation of health information intended 
for medical professionals (19).
The aim of this study is to assess the Internet as a 
source of medicine and health related information 
using a created test methodology and to evaluate the 
top 10 visited health-related web-sites in Bulgaria.

MATERIALS AND METhODS

Instrument development 

We have created evaluation criteria based on the 
existing methodologies for the purposes of esti-
mation of the quality, credibility and reliability of 
information about health and medicines on web 
sites. The requirement for objective evaluation 
is dictated by the availability of large quantities 
of diverse information of the Internet (Table 1). 
The tool was created on the basis of the existing 
methodology of the Health on the Net Founda-
tion HON code principles which include criteria 
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for accuracy, privacy and authorship of the infor-
mation (19).
The evaluation method was based on criteria set 
in three groups of five questions each. The three 
groups were: scope, organization and design of 
the web-site; authorship, sources and objectiv-
ity; and time, accuracy and precision. Each of 
the group criteria addressed a specific issue in 
the quality of online health information – hidden 
advertising, objectivity of information and its rel-
evance (Table 2). An answer “Yes” was assumed 
to carry one point, a neutral answer zero points, 
and a negative answer minus one (-1) point. The 
exceptions were question 5 of the first group of 
criteria, question 2 of the second group of crite-
ria and questions 4 and 5 of the third group of 
criteria. For those questions the answer “No” 
carried 1 point, and the positive answer carried 
minus one (-1) point, as relevant to the nature of 
the questions. 

Tool validation

The content of the questionnaire was validated by 
a test phase. A medical doctor with background 
and expertise in dermatology and allergology was 
asked to assess 3 random health-related web-sites 
by his choice, to test the consistency and the appro-
priateness of the tool. Several problems were iden-
tified: insufficient clarity of some questions, ambi-
guous questions and lack of logical order. Due to 
the reviewer’s recommendations the criteria were 
divided in three groups: (1) scope, organization and 
design, (2) authorship, sources and objectivity of 
the information, (3) time, accuracy and precision.
The aggregate amount of points provided the re-
sults for each evaluated site and allowed us to make 
rankings by quality, credibility and reliability of in-
formation. The evaluation criteria were applied to 
sites shown by web search engines to be the most 
used by Bulgarian users in Bulgarian language 
only (Table 1).

RankGemius SA Description of the 
web-site Тyxo.bg Description of the 

web-site Zdrave.vbulgria.info Description of the web-site

1. puls.bg

Web portal with 
information about 
health, medicines, 

lifestyle, fitness and 
cosmetics

pharmacy-bg.com

Web-site focused 
mainly on informa-
tion about drugs and 
other pharmaceutical 

products

puls.bg
Web portal with information 
about health, medicines, life-
style, fitness and cosmetics

2. bb-team.org
Internet media 

focused on healthy 
lifestyle

vitaherb.bg

Commercial 
website focused on 

advertising food 
supplements

hapcheto.com Web-site focused mainly on 
health issues and medicines

3. pharmacy-bg.com

Web-site focused 
mainly on informa-
tion about drugs and 
other pharmaceutical 

products

biotrade-bg.com

Commercial 
website focused on 

advertising cosmetic 
products

lekar.bg Web-site focused mainly on 
health issues and medicines

4. zdrave.bg

Web-site with 
information about 

diseases, treatments, 
medicines, health 

centres

bg.medipharmwiki.com
Web-site focused 

on health news and 
innovations

zdrave.bg
Web-site with information 
about diseases, treatments, 
medicines, health centres

5. doctoronline.bg

Web-site with infor-
mation on medicines, 

health conditions, 
hospitals

erekciata.com
Commercial web-

site focused on 
advertising

medical.bg
Web-site with information on 
medicines, health conditions, 

hospitals

6. health.bg
Web-site with infor-
mation about health 

issues
jdmedicals.com

Commercial web-
site focused on 

advertising
pramed.com

Web-site with information 
about diseases and their 

treatment

7. zdravenchas.org
Web-site with infor-

mation about diseases 
and their treatment

zdravenchas.bg

Web-site with 
information about 
diseases and their 

treatment

doctorbg.com Information on medicines, 
lifestyle, herbs

8. krasota.tialoto.bg
Information mainly 

on lifestyle and 
cosmetic products

kalo-bg.com Not relevant to heal-
th information pharmacy-bg.com

Web-site focused mainly 
on information about drugs 
and other pharmaceutical 

products

9. medicine.bg
Information on 

medicines and health 
conditions

effekt-2.com
Commercial web-

site focused on 
advertising

zdrave.rozali.com
Information mainly on he-
althy lifestyle and cosmetic 

products

10. framar.bg

Web-site focused 
on selling drugs and 
other pharmaceutical 

products

spartakhadjiev.com
Information on a 

specific treatment for 
cancer (advertising)

e-apteka.bg Information on drugs

Table 1.The top 10 sites with health and medicines information in Bulgarian, ranked by number of visits
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Evaluation technique

Official data were used for the top ten Internet 
sites containing health and/or medicines infor-
mation ranked by number of visits estimated on 
01 July 2011. Data were collected from three 
sources – officially published by an international 
internet research agency –GemiusSA (20), and 
also provided by two web-counters Тyxo.bg and 
Zdrave.vbulgaria.info (Table 1).

Inclusion/exclusion criteria

The web sites included in the survey offered 
health and/or medicines information as well as 
possibilities/alternatives for treatment. The only 
inclusion criterion was that the sites should be 
in the Bulgarian language. Web sites “for profit” 
were excluded from ranking, if their purposes 
were related to selling products, if they promised 
rather fast and unrealistic results or treatment of 
various conditions by scientifically untested and 
unconventional methods.
Each of the sites was evaluated autonomously 
by 2 persons – an academic researcher with bac-
kground in pharmacy, pharmacovigilance and 
drug safety and a trained volunteer – a student 
in pharmacy. All sites presented in Table 1 were 
visited twice on a random principle – once by an 
academic researcher and once by a volunteer wit-
hin the months of July and October 2011. 
A content analysis was used to analyse the infor-
mation content of the web pages (21). Each of the 
researchers individually evaluated each of the sites. 
The level of agreement between them was evalu-
ated by calculation of Kappa coefficient (Κ) (22). 
The site content and the published information 
about medicines were evaluated in detail accor-
ding to the criteria formulated in Table 2.

RESuLTS

Seven sites were in full agreement and three si-
tes showed substantial agreement (values of K 
between 0.62 and 0.91). In order to attain a more 
critical attitude in the process of data analysis, in 
the case of criteria where disagreement had been 
encountered the analysis focused on a parameter 
which could lead to more inauspicious results.
The detailed review and analysis of the most visi-
ted health sites, as indicated by the web counters, 
revealed that they prevailed also in information 

about medicines. The evaluation made on the basis 
of the criteria showed that some of the sites were 
maintained by companies from the pharmaceuti-
cal sector or by companies offering healthcare pro-
ducts. The application of the formulated criteria 
demanded continuous review of information and 
verification of its credibility and currency through 
collation and analysis (Table 2). Table 3 presents 
the data from the expert evaluation and comments 
on the content of each of the top 10 sites with in-
formation about medicines. The main quality issu-
es with the drug information were the lack of con-
tact information, unnamed authors of the materials 

Que-
stion 
No

Criteria Yes*
Insuf-
ficient 
data†

No‡

Group one: Scope, organization and design

1 Is there a clear purpose for making and 
maintaining the site? 1 0 -1

2 Is there a clear identification of the target 
audience? 1 0 -1

3 Is it easy to find the requested medicines? 1 0 -1

4

Is there a published warning that the site 
contains health information which may not 
be used as a substitute for consultations 
with a medical professional?

1 0 -1

5 Does the site contain any concealed 
advertisement? -1 0 1

Group two: Authorship, sources and objectivity of information

1 Is there clear information about contacts with 
the authors of the site: e-mail, telephone, etc.? 1 0 -1

2 Are there any visible biases and/or con-
flicts of interest? -1 0 1

3 Is there any clear indication of the sponsors 
(advertisers) of the site? 1 0 -1

4
Are there any data about the author(s) 
qualifications and/or the sources of infor-
mation about medicines?

1 0 -1

5 Is it possible to verify the source of  infor-
mation about medicines? 1 0 -1

Group three: Time/accuracy/precision

1 Is there a clear indication of the last update 
of information? 1 0 -1

2
Are there any active links to other sites with 
independent and/or up-to-date information 
approved by the regulatory authorities?

1 0 -1

3 Is it possible to ascertain that the published 
information about medicines is reliable? 1 0 -1

4 Are there any errors in information about 
medicines published on the site? -1 0 1

5 Is there any tendency to manipulate 
consumer’s opinion? -1 0 1

Table 2. Content of criteria for evaluation of Internet sites 
with information relevant to health and medicines

*Positive answer of the question carried 1 point. The exceptions 
were question 5 of the first group of criteria, question 2 of the second 
group of criteria and questions 4 and 5 of the third group of criteria. 
For those questions the positive answer carried minus one (-1) point, 
as relevant to the nature of the questions.
†There were not enough data on the website for the reviewers to give 
either positive or negative answer.
‡Negative answer carried minus 1 (-1) point. The exceptions were 
question 5 of the first group of criteria, question 2 of the second 
group of criteria and questions 4 and 5 of the third group of criteria. 
For those questions the answer “No” carried 1 point, as relevant to 
the nature of the questions.
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and unstated last update of information. Tendency 
to manipulate consumers’ opinion was observed in 
several sites, mainly those with advertising mate-
rials present. All of the top 10 sites were assessed 
as user-friendly. However, only in the first 3 sites 
in the ranking covered all the criteria in the aut-
horship, sources and objectivity of the information 
group. Information on authors, their qualifications 
and sources of information was often missing. 
Information about medicines of the highest quali-
ty, credibility and accuracy is available on the site 
www.pharmacy-bg.com, which was indicated as 
most visited by only one of the web counters. The 
site indicated by the other two web counters – 
www.puls.bg had very poor parameters.  

DISCuSSION 

According to the results of this study the lack of 
clear differentiation between sites with informa-
tion about medicines and all sites containing any 
information relevant to medicines and health 
hindered the correct comparison and evaluation 
following the suggested method. Still, the final 

Internet site

Scope/
Organi-
zation/ 
Design

Author-
ship/

Sources/ 
Objecti-

vity

Time/
Accu-
racy/ 
Preci-
sion

Total Comment

pharmacy-bg.com 5 5 3 13

Information available on the site is extremely rich and covers a number of subjects from the 
fields of pharmacy, medical science and health. Easy access and possibility to find information, 
additional articles for different types of users, etc., inclusive of detailed medicinal guide with in-
dication of the source of information and a direct link to the site of the regulatory authority. This 
allows users to access the most up-to-date information about any particular product at present.

doctoronline.bg 3 5 3 11 This site ranked second according to the criteria. It has a separate field on the home page 
for search of any particular medicine.

zdravenchas.org 3 5 2 10
This site contains mostly abundant information about various ailments and their treatment, 
with indication of the pharmacological group/ and the medicines used, but without naming 

specific products and information about them.

medicine.bg 5 3 1 9

A very detailed and well organized site, easily obtained information, in particular informa-
tion about medicines. A quite visible warning is posted, requiring mandatory consultation 

with a pharmacist, a physician of another medical professional before any use of medicines. 
No information is available for contacts with the authors of the site nor links to other sites 

with more up-to-date information.

zdrave.bg 5 3 1 9

The site offers rich and detailed information about health and medicines, but the review of 
the posted information about some medicinal products revealed that the data had not been 

updated to reflect the latest changes in the product information – patient leaflet and the 
summary of product characteristics.

hapcheto.com 5 0 3 8
This site contains the most up-to-date information about medicines, using and quoting data 
from sources approved by the regulatory authorities, but there is no clear information about 

contacts with the authors of the site and about the advertisers.

doctorbg.com 5 1 0 6
The site contains abundant information about medicines, but the random review of medici-
nal products revealed that the information about them was obsolete; there was no indication 

of sources of more up-to-date information in the event of required update.

puls.bg 3 1 -1 3
The site contains information about various pharmacological groups of medicines, without 
reference to trademarks and particular medicinal products. The sources of medicinal infor-

mation have not been indicated nor any dates of posting and/or last update.

medical.bg 5 -2 0 3 This site contains incomplete and fragmented medicinal information, with no indication of 
the date of last update.

framar.bg 1 -3 -3 -5
A proprietary site of wholesale trader in medicines. The source of medicinal information 
has not been indicated and thus it could not be verified. No clear indication of the date of 

the last update. The issue of bias and/or conflict of interests is also pressing.

Table 3. Top 10 sites with information about medicines, evaluated in line with the suggested method

result of the evaluation employing the above 
mentioned criteria formed a representative rank-
ing that could be used for comparison and com-
ments on the content. The application of the 
method could allow users to find their way more 
easily in the process of use of Internet sources 
for information about medicines. This could also 
help medical professionals to recommend sourc-
es of such information to patients.
This survey and the evaluation revealed that none 
of the studied sites focused on a specific target 
group of users. This may result in difficulties in 
understanding and use of information by peo-
ple without medical background (1). The use of 
specialized terms favours medical professionals, 
but it may be quite confusing for patients and 
users (1). This requires evaluation of the presen-
tation of information, as well to ensure its ease 
of understanding by the general public (23). In 
the evaluated web-sites quite often no sources 
of information were quoted, information itself 
was not updated or there was no data about au-
thors and date of origin. In such cases it would 
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be appropriate to put in links to sites approved 
by the regulatory authority, containing the most 
up-to-date information about medicinal products. 
This would allow avoiding the use of obsolete or 
inaccurate information leading to wrong interpre-
tations and wrong decisions on treatment, dosa-
ge regimens and adverse reactions. The exigent 
evaluation of the sites data is a factor of major 
information in the context of the incontrollable 
nature of the Internet (23).
The surveys show that users who seek health 
information on the Internet most often seek ma-
terials relevant to some ailment (24). The infor-
mation they find may eventually influence the 
decision making on their own health and/or help 
them cope more successfully with therapy (24). 
The warning that the site contains information 
about health and/or medicines, which may not 
substitute consultations with a medical profes-
sional, is very important, but in our study it was 
available only on the sites with leading positions 
in the ranking.
Another issue was the quality of health informa-
tion presented. The quality of health information 
is important because of the ability of the general 
public to choose on their own valid information 
only. The poor quality of health information on 
the web has been suggested by previous studies 
(25). In medical science the ability to critically 
peruse scientific literature, to identify the key 
shortcomings of any research and to properly in-
terpret the clinical significance of results involve 
skills acquired through appropriate training and 
education (19). Users may fail to evaluate cor-
rectly the information provided; they may be 
confused or misguided. One should keep in mind 
that the search for and the use of any medical in-
formation and data about medicineseis intended 
to improve the health state of the patient and the 

healthy lifestyle, but not to deprecate the major 
role of medical doctors and other medical profes-
sionals (15). 
The results of the Bulgarian online sources eva-
luation suggest that the risk of using online sites 
for health information is a combination of two 
variables – the amount of inadequate and ina-
ccurate information on the web and the level of 
competence and knowledge of the population, 
who have to screen off the sites for the lack of 
reliability and validity.
The model survey of Internet information about 
medicines in Bulgarian revealed that the most 
common omissions were related to lack of up-
to-date information, lack of information about 
the authors, no contacts for feedback, concealed 
advertisement and sales of medicinal products 
subject to medical prescription via Internet.
The major limitation of the study is that the tool 
has been tested only by two researchers. Future 
studies should be more patient focused to deter-
mine the application of the tool among patients/
caregivers/consumers.
The obtained results and the analysis showed that 
there is no control to ensure the qualitative, ex-
haustive and accurate Internet information about 
medicines. Some of the Internet sources contain 
information about medicines for advertisement 
purposes, which may be misleading and havs a 
harmful potential for the users. Strict and scien-
ce-based criteria as well as legislative measures 
are required in order to ensure the reliability of 
information about medicines on the Internet.
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ABSTRACT 

The oldest library in Istria (Croatia) is  located in the Franciscan 
Monastery of Pazin, with a rich fund of worthy old books. Our 
attention was attracted by the book “Chirurgie” written by the 
German physician, surgeon and anatomist Lorenz Heister in the 
first half of the 18th century. This worthy book is relatively scanty 
known in Croatian history of surgery. By studying the contents 
of the book written in the 18th century, numerous surgical instru-
ments, as well as surgical operations may be found, many of them 
being used even today with little modifications. Among the instru-
ments different types of pincers, needles, scissors, knives, saws, 
hammers, chisels and others can be found. The description of dif-
ferent surgical procedures reveals great advancement in the surgi-
cal technique. The book was very popular in Europe for a century.

Key words: German surgeon, 18th century, surgical instruments, 
surgical procedures
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INTRODuCTION 

The first greater libraries in Istria appeared during 
the Middle Ages or at the beginning of the Renai-
ssance originating from the Benedictine, Francis-
can or Pauline monasteries. The oldest library in 
Istria, Croatia, is that of the Franciscan monastery 
in Pazin, founded in 1481 and remained open until 
nowadays (1). The Franciscan monastery of the Vi-
siting Blessed Virgin Maria in Pazin was founded 
after the Bulla of Pope Sixtus IV “Inter cetera”, 
on recommendation of the emperor Frederick III. 
It was constructed near an old little church in the 
old Gothic style.  In 1704 the monastery suffered 
damage during the French rule, and transformed to 
a military depot. It was renewed during the years 
1986-1989 (2). The monastery had a little hospi-
tal, a drugstore, and the library that was at disposal 
only for the friar, and the books can be used out 
of the monastery only by the Franciscans. Books 
in the library  mostly come from personal legacy 
of friars, and consists of the old books catalogu-
ed from 1891to 1913 containing books published 
from 1482 to 1913, and new books, which are not 
catalogued. The majority of books deal with theo-
logy and philosophy, but a number of the are rela-
ted to literature, church laws, rhetoric, geography, 
history, linguistics, and medicine. Among the ol-
dest books is an incunabulum written by Nicolaus 
de Lyra “Postilla in Vetus et Novum testamentum 
“, Venetiis 1482, in four volumes (3,4).
In the library we have found a rare old book “Chi-
rurgie “(Surgery) written by Lorenz Heister, an 
outstanding physician, surgeon and anatomist of 
the 18th century (5). Because the history of this 
surgeon and his book being rather unknown in  
surgical history, we believe it will be of interest to 
describe shortly his life and the book’s contents.

LORENZ hEISTER

Lorenz Heister was born on 19 September 1683 in 
Frankfurt am Main, and became one of the most 
famous German physicians, anatomists, surgeons 
and botanists. He finished the gymnasium in his 
town, went to study  medicine first at the Universi-
ties of Giessen (Germany) and Wetzlar, from 1702 
to 1706, then continued his studies in Leiden and 
Amsterdam (Holland), where his professors were 
Frederick Ruysch, Hermann Boerhaave  and Ber-
nard S. Albinus. During his study in Giessen he 
already had a possibility to dissect a corpse under 

the supervision of Georg T. Berthold. In 1707 he 
became an assistant physician in field dressing 
hospitals in the war of Spanish succession. In 1708 
he obtained his doctor’s degree at the University of 
Harderwijk, and the next year he rejoined the army 
of the Netherlands gaining great experience on the 
wound surgery (5-7). In 1710 he was appointed 
professor of anatomy and surgery at the Universi-
ty of Altdorf near Nurnberg (Germany). There he 
did not only lecture to the students, but wrote his 
“Compendium anatomicum” (1717), and  in 1719 
he published his famous book ”Chirurgie” (Surge-
ry) in German. Garrison in his book on the history 
of medicine erroneously wrote  that the book had 
been published in 1718 (8).  The book gave a sy-
stematic view of all aspects of surgery of that time. 
In 1720, soon after the first edition of this book, 
he was appointed as a professor of anatomy, me-
dicine, and surgery in Helmstadt (Germany), and 
later taught botany too. There he created a famo-
us botanical garden. In Helmstadt he taught and 
worked continuously for 38 years (9,10).
Heister had a great personal library with about 
12,000 books, and spoke fluently a few langu-
ages.  Heister was the first who described  the 
inflammation of the appendix (appendicitis) in 
a corpse, and he presumed that the alteration in 
crystalline is a cause of cataract rather than a 
change in the cornea as it was believed before. 
He also made the first successful thyroidectomy, 
introduced the term ‘’tracheotomy’’ in medici-
ne, and described the spiral valve in the ductus 
cysticus. As regard to botany he was acquainted 
with the  classification work of Carolus Linnae-
us (Carl von Linne), and his herbarium consisted  
more than 90 volumes, and the  genus of plants 
Heisteria was termed in his honor. Heister was 
a fellow of the Royal Society of London and of 
the Royal Academy of Paris. He died on 18 April 
1758 during a consultation in Bornum, and was 
buried in the cemetery of Helmstadt. 

LORENZ hEISTER’S ChIRuRGIE  

Lorenz Heister’s most important book is “Chirur-
gie”. It was the first book  which  presented the 
surgery clearly and systematically, encompassing 
all surgical instruments, bandages, and surgical 
operations step by step including possible com-
plications. In 1719 the text was published first in 
German and was entitled “Chirurgie, in “welcher 
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alles was zur Wundartznei gehőrt, nach den neu-
sten und bester Art, grűndlich abgehandelt”, beca-
use the author knew that the majority of the stu-
dents were uneducated and had poor knowledge of 
the Latin language (11). The book attracted great 
interest and  popularity with good illustrations in 
copper plates, so it was soon sold out and new edi-
tions followed. Later, the book was translated in 
Latin as Institutiones Chirurgicae for all students 
and surgeons, and it was translated into English, 
French, Italian, Dutch, Spanish and even Japanese.
In the monastery there is a German edition of the 
book printed in 1739, which  had a few correcti-
ons and was enlarged. It is a rather voluminous 
book with 896 pages including 22 pages of the 
introduction and 44 of the index. Introductory  
pages include a picture of the author (Figure 1) 
and the Privilegium (consent) in which Carl of 
Hapsburg allowed  typographer Matthias Wolff 
to print the book Chirurgie written by professor 
Lorenz Heister. 

tures, dislocations, tumors and ulcers. The second 
part is dedicated to different surgical operations, and 
necessary instruments, according anatomic regions 
of the body. The third part describes bandages.
The first part contains five books. 
The first book is divided in 16 chapters. The first 
chapter is dedicated to wounds. At the beginning 
the author explains what a wound is, i.e. a violent 
dissolution of continuity of an external part of the 
body caused by outer factors such as violent falls, 
knives, gun shots, blunt tools, arrows, animals 
bites. In cases originating from some alterations 
from internal parts of the body it was an ulcer.  The 
author explained causes (etiology) of the wounds 
and possible injuries of deeper structures, such as 
blood vessels, nerves, bones and others. 
The second chapter describes possible complicati-
ons of the wound, such as bleeding, pain, convul-
sions, fever.  The wounds are described according 
to their anatomic localization, so they are charac-
terized as the wounds of the head, forehead, eyes, 
ears, nose, mouth, neck, chest, belly, extremities. 
The 15th chapter describes contusions, their clini-
cal aspect and treatment. The 16th chapter is dedi-
cated to poisoned wounds (from poisoned arrows, 
snakes, animal bites). Their treatment and neces-
sary surgical instruments are also described here.  
On page 82, there is an illustration (Figure 2) of a 
table with numerous instruments (11): tourniquet 
to stop  bleeding, pincers (or tongs) called “crane’s 
beak”, pincers termed “duck’s beak”, pincers 
called” Goose’s beak”, hook for the extraction of 
bullets, and a boring tool used for the extraction of 
bullets invented by Bartolomeo Maggio.  

Figure 1. Portrait of Lorenz heister (Heister L. Chirurgiae, p.1) 
(Tomić D, 2012) (with permission of fra Alfons Orlić, Franciscan 
Monastery in Pazin)

Figure 2. Instruments and princers (Heister L. Chirurgiae, Part 
1, Chapter 1, p. 82) (Tomić D, 2012) (with permission of fra Al-
fons Orlić, Franciscan Monastery in Pazin)

The consent was dated 12 January 1739. The 
Prologue was set after the Privilegium.  Heister 
wrote the Prologue for the first edition in 1719  
”After the  God choose me for this profession 
besides other sciences associated with the noble 
medicine, I had to learn surgery that is a noble 
profession, the most necessary to mankind”. The 
author continued delineating brief history of the 
development of this art and science from ancient 
Egyptians, Greeks, Romans to his days. 
The next, special part of this book of surgery is divi-
ded in three parts.  The first comprises  wounds, frac-

The second book of the first part of Heister’s Sur-
gery is dedicated to different types of fractures 
and comprised 12 chapters, with the description 
of  their clinical aspects in different bones and 
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regions: head, jaw, sternum, ribs, spine (which 
was a serious problem, nevertheless, the surgeon 
dedicated  his maximal attention to remove the 
eventual fragments), extremities, and other, as 
well as the necessary treatment.
The third book is  divided  into 12 chapters, whe-
re the author explains various types of luxations 
in different articulations, and possible reparation 
and adequate interventions.
The fourth book with 19 chapters presents tu-
mors in various parts of the body, and it can be 
seen that the author did not describe them here 
only „sensu stricto“, but also inflammations, ve-
nereal buboes, ulcers, boils, burns, edemas and 
other. Heister was among the first surgeons who 
treated malignant tumors with radical operations.
The Fifth Book is dedicated to ulcers describing 
fistular ulcers, venereal ulcers, chronic ulcers of 
legs and their treatment.
The second part of the „ Chirurgie“ is dedicated 
to the surgical operations and it was divided in 
six parts or sections, that comprised 175 chapters. 
In the first section Heister describes surgical ope-
rations on different parts of the body: head, eyes, 
forehead, thorax, abdomen, penis, foreign bodi-
es. In the 14th chapter (on page 402) he writes  
about bleeding, necessary instruments, whereas 
on page 403 the necessary instruments are illu-
strated (tubes, bladders, syringes). A primitive 
mode of transfusion from a hand of  one man 
to another man (Figure 3) and amputation of an 
extremity (Figure 4) are also illustrated.
The second section describes the interventions on 
the head.
The third section is about surgical operations on 
the neck. In Chapter 151  Heister paid special 
attention to the operation that permitted breat-
hing, such as laryngotomy, tracheotomy (he in-

troduced those names) and thyroidectomy.
The fourth section presents an operation on the 
chest, and especially interesting is  the descrip-
tion of operations on breasts and nipples: lum-
pectomy and radical mastectomy with removal of 
the axillary lymph nodes and the pectoralis major 
muscle in cases of cancer. 
In the fifth section the author describes an ope-
ration on the abdomen for hernias, hydrocele, 
phimosis and paraphimosis and operation of the 
womb, prolapse of the uterus or vagina, and in 
Chapter 156 interventions during the parturition 
(delivery), problems with the fetus  transversal 
position (Figure 5), and other gynecological or 
obstetrical disorders (11,12). 

Figure 3. Instruments and mode of transfusion (Heister L. 
Chirurgiae, Part 2, Chapter 14, p. 403 (Tomić D, 2012) (with 
permission of fra Alfons Orlić, Franciscan Monastery in Pazin)

Figure 4. Instruments for amputation of an extremity (Heister 
L. Chirurgiae, Part 2, Chapter 32, p.456, (Tomić D, 2012) (with 
permission of fra Alfons Orlić, Franciscan Monastery in Pazin)

Figure 5. Position of fetus in uterus and instruments for delivery 
(Heister L. Chirurgiae, Part 2, Chapter 156, p.790 (Tomić D, 2012) 
(with permission of fra Alfons Orlić, Franciscan Monastery in Pazin)

The sixth section demonstrates various surgical 
treatments on upper and lower limbs.
The third part of the ”Chirurgie” deals with the 
bandages; the materials are exposed in eight chap-
ters describing their application on the head, neck, 
chest, abdomen and on upper and lower extremiti-
es. In this part there is also a description of various 
types of surgical needles and sutures (11).

DISCuSSION 

Between the 15th and the 18th century surgery 
had developed slowly without any revolutionary 
progress (13). Physicians were frequently derided 
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because of their better education, humoral the-
ory, knowledge of Latin; surgeons were mostly 
without knowledge of anatomy, illiterate practi-
tioners. Therefore, barber-surgeons tried  to or-
ganize a guild to obtain  greater importance. Ne-
vertheless, some surgeons were “self-made“, like 
Ambroise Pare’, who introduced the ligature of  
vessel during amputation, rose oil instead of boi-
led oil for wounds,  demonstrating that medicine 
and diet cannot cure everything, and the practice 
was  more important of  dictum (14). Heister had 
a clear vision of these problems at the beginning 
of his carrier. His “Chirurgie“ represented a met-
hodical and complete book of surgery. In this 
book one can find all the necessary materials for 
surgical operation on any type of wounds, or for 
a disease of any organ. Heister described new 
surgical techniques, new instruments, important 
ideas about cataract, decisions during problema-
tic deliveries (15). The description of different 
types of fractures either simple or complicated 
was accurate, and a prognosis depended on the 
type of fracture (near or far from an articulation), 
transversal or oblique. Information on fracture of 
one or more bones, age of the patient, association 
with or without injuries and other structures was 
important for the prognosis. The author describes 
all possible interventions in cases with hemorrha-
ge: compression, turpentine, use of cautery, tour-
niquet, ligature, and use of dry or bloody suture 
(16).  Particular attention is dedicated to venereal 
ulcers and their treatment. It should be remem-
bered that after Heister,the famous surgeon John 
Hunter,believed that gonorrhoea and syphilitic 
ulcer were the same disease on the basis of unfor-
tunate experiments of inoculation in 1767 (17). 
So Heister’s book represented an important mi-
lestone for the new generations of surgeons not 
only in Germany but in Europe.  Some people 
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Udžbenik kirurgije Lorenza Heistera u franjevačkom samostanu 
u Pazinu
Danijela Tomić1 i Stanislava Laginja2

1Odjel za anesteziologiju, 2Odjel za dermatologiju; Opća bolnica Ogulin, Ogulin, Hrvatska

SAŽETAK 

U franjevačkom samostanu u Pazinu postoji najstarija knjižnica u Istri (Hrvatska) s bogatim fondom 
vrijednih starih knjiga. Našu pažnju privukla je knjiga Chirurgie njemačkog liječnika, kirurga i anato-
ma, Lorenza Heistera, pisana u prvoj polovici 18. stoljeća. Ovaj vrijedni primjerak knjige je zapravo 
nedovoljno predstavljen u hrvatskoj povijesnoj građi kirurgije. Proučavanjem sadržaja udžbenika, na-
pisanog u 18. stoljeću, uočava se zastupljenost brojnih medicinskih instrumenata i različite kirurške 
tehnike, od kojih se neki, uz određene modifikacije, upotrebljavaju i u današnje vrijeme. To su različita 
kliješta, igle, škare, noževi, pile, čekići, dlijetla i sl. Opis operativnih tehnika ukazuje na napredak u 
kirurškoj djelatnosti koji je bio vrlo cijenjen kroz jedno stoljeće. 

Ključne riječi:  njemački kirurg, 18. stoljeće, kirurški instrumenti, operativni zahvati
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ABSTRACT

The study was aimed at assessing eating habits 
of adolescent population, diagnosed with one or 
more cardiovascular risks (CVR) before and two 
months after the individual dietary intervention. 
Food frequency questionnaire, anthropometric 
measurements, blood pressure and biochemical 
measurements with individual nutrition educati-
on were conducted on a group of 17 adolescents 
aged 14.5 years. Total calorie intake, proteins, to-
tal and saturated fats, cholesterol, total and sim-
ple carbohydrates and sodium decreased, while 
fiber intake increased significantly. Significant 
decrease showed mean body mass index, total 
cholesterol, LDL, TAG, and blood pressure. The 
individual dietary education resulted in a positive 
shift in eating habits as well as CVR values.

Key words: eating habits, individual interventi-
on, nutrition education, FFQ, biochemical blood 
values

INTRODuCTION

Since cardiovascular risks (CVR) (hypertension, 
overweight/obesity, dyslipidemia) increasingly 
occur in childhood and adolescence, their early 
recognition and treatment are of utmost impor-
tance in cardiovascular diseases (CVD) preven-
tion. Adolescence is the period of acquisition 
of one’s attitudes and gaining life-style habits 
that have a significant and long-term effect on 
person’s health, therefore it is very important at 
this age to recognize and correct pre-existing ha-
bits that could represent a basis for the appearan-
ce of one or more CVRs (1,2).

Since no study of individual dietary intervention 
on Croatian adolescent population had ever been 
conducted, we wanted to determine its feasibility 
and the level of measurable impact on CVRs, if 
any. Therefore, we hypothesized that the inciden-
ce of earlier annotated CVR factors in adolescent 
population from Eastern Croatia, i.e. hyperten-
sion and dyslipidemia, are mainly caused by 
inadequate eating habits. Also, we hypothesize 
that present CVRs in observed population can be 
modified via individual dietary intervention, de-
fining it as a feasible and suitable intervention for 
this population. Overall, the final outcome would 
result in significant measurable changes in CVRs 
expressed as anthropometric and biochemical 
measurements and blood pressure, as well as in 
slight positive changes in eating habits.
Therefore, the aim was to assess eating habits 
of adolescent population, diagnosed with one or 
more CVRs (increased blood lipids, blood pressu-
re and BMI), before and two months after the in-
dividual education intervention, and to determine 
the influence of changes in eating habits on CVRs.

EXAMINEES AND METhODS

The research included a group of 17 adolescents 
aged 14.5 years (12 boys and 5 girls). Inclusion cri-
teria for this intervention study was previously dia-
gnosed one or more CVRs (family history of CVD, 
increased blood pressure and BMI). General prac-
titioners or after the regular physical examination 
at high school entry referred the adolescents to a 
specialist cardiologic examination at the cardiolo-
gy office  of the Pediatrics Clinic, General Hospital 
„Dr Josip Benčević“ in Slavonski Brod. Labora-
tory diagnosis included blood glucose level, lipid 
status (HDL, LDL, TAG and total cholesterol). 
Blood pressure was also measured. Anthropome-
tric measurements included body weight and hei-
ght measurement on medical scale, and body mass 
index (BMI) was calculated. For the assessment of 
nutritional status the 5th, the 85th and the 95th centile 
of CDC-curves for age (3) were used.
Initial investigation also included evaluation of 
nutritional habits, and for that purpose semi-qu-
antitative food frequency questionnaire (FFQ) 
was developed. FFQ was created by the research 
team, combining different findings of earlier stu-
dies (1,2) with special emphasis on specific cha-
racteristics of nutrition related to CVR, such as 
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TV viewing, snacking, fast-food and sweetened 
beverages consumption, fruit and vegetables con-
sumption etc.. Serving sizes were presented using 
pictures of a particular dish. The adolescents par-
ticipated in the 120-minute individual education 
session, which included dietary recommendations 
related to diagnosed CVR. Two months after the 
intervention all of the measurements and dietary 
assessment were repeated as described. 
The research was approved by the Ethical Co-
mmittee for testing on humans of the Faculty of 
Food Technology Osijek. The presence of one or 
both parents was required during investigation.
Statistical calculations were done with software 
tool Statistica 8.0 (StatSoft, Tulsa, OK, USA). 
Parametric statistics was used. Descriptive sta-
tistics was combined with t-test for dependent 
and independent samples, with statistical signi-
ficance at p≤0.05.

RESuLTS

Changes of dietary habits in the two-month pe-
riod after the individual education resulted in a 
decrease of total energy intake and changes in 
intake of particular nutrients (Table 1). The dif-
ference in intake on initial and control examina-
tion was statistically significant. For total energy 
intake p=0.002, total fat and saturated fats in-
take p<0.001, intake of proteins p=0.018, total 
carbohydrates p=0.025, simple carbohydrates 
p=0.008, intake of sodium p=0.013 and fiber in-
take (in grams per 1000 kcal) p=0.006.
Changes in observed cardiovascular risk factors 
on control examination, after conducted indivi-
dual education can be observed via individual 
progress presented in Table 2. The mean BMI 
of examinees significantly decreased by 0.9 or 
2.9% from 30.3 kg/m2 on initial to 29.5 kg/m2 on 
control examination (p=0.004). All blood lipid 

 Total energy
(kcal)

Total fat
(g)

Saturated fat 
(g)

Cholesterol 
(mg)

Proteins 
(g)

Total 
carbohydrates (g)

Simple 
carbohydrates (g)

Sodium 
(mg)

Fiber 
(g/1000 kcal)

Ei 3 570 155.5 55.9 375 123.8 426.4 135.1 7 574 8.4
Ec 2 812 116.8 41.8 297 104.4 342.0 108.9 6 147 9.8
∆Ec-Ei -758 -38.7 -14.1 -78 -19.4 -84.4 -26.2 -1 426 1.5
% -21.2 -24.9 -25.2 -20.8 -15.7 -19.8 -19.4 -18.8 17.8
p 0.002 <0.001 <0.001 0.446 0.018 0.025 0.008 0.013 0.006

Table 1. Dietary intake of energy, macronutrients and sodium on initial (Ei) and control (Ec) medical examination after the indi-
vidual dietary education intervention

EXAMINEE TC 
Ei

TC 
Ec ∆TC LDL 

Ei
LDL 
Ec ∆LDL TAG 

Ei
TAG 
Ec ∆TAG BPS 

Ei
BPS 
Ec ∆BPS BPD 

Ei
BPD 
Ec ∆BPD BMI 

Ei
BMI 
Ec ∆BMI

1 5.0 4.9 -0.1 3.2 3.1 -0.1 1.9 1.7 -0.2 115 115 0 70 80 10 35.3 33.1 2.1
2 4.0 4.2 0.2 2.8 2.5 -0.3 1.1 0.9 -0.3 160 120 -40 100 80 -20 37.2 36.6 0.7
3 5,0 4.8 -0.2 3.1 3.0 -0.1 2.4 2.0 -0.5 125 125 0 90 90 0 24.3 23.7 0.6
4 4,9 4.1 -0.8 3.3 3.2 -0.1 2.5 1,5 -1.0 150 120 -30 90 80 -10 34.6 33.3 1.3
5 5,6 5.1 -0.5 3.7 3.2 -0.5 1.3 1.3 -0.1 115 120 5 75 80 5 18.6 18.9 -0.3
6 4,5 4.4 -0.1 2.9 2.4 -0.5 1.1 1.2 0.0 190 140 -50 100 85 -15 27,7 27.3 0.4
7 4,5 3.5 -1.0 3.1 2.5 -0.7 1.5 1.5 -0.0 150 115 -35 90 80 -10 31,9 30.9 1.0
8 4,7 4.0 -0.7 3.3 2.8 -0.5 1.0 0.9 -0.1 120 120 0 80 80 0 30.8 27.2 3.6
9 5,0 4.6 -0.4 3.5 3.2 -0.3 1.1 1.1 -0.0 150 120 -30 80 60 -20 28.9 28.4 0.5
10 6,5 6.0 -0.5 4.8 4.5 -0.3 1.2 1.2 -0.0 155 140 -15 100 100 0 36.9 35.9 1.0
11 3,5 3.5 0.0 2.3 2.2 -0.1 1.0 0.9 -0.1 150 125 -25 100 80 -20 38.7 35.6 2.6
12 2,1 2.1 0.0 1.6 1.6 0.0 1.0 1.0 0.0 135 135 0 85 85 0 31.2 31.2 0.0
13 3,9 3.9 0.0 2.9 2.9 0.0 1.2 1.2 0.0 140 140 0 90 90 0 36.9 36.9 0.0
14 6,6 5.1 -1.5 3.5 3.2 -0.3 0.5 0.5 0.0 100 110 10 60 70 10 17.2 17.3 -0.2
15 3,9 3.9 0.0 2.2 2.2 0.0 1.6 1.6 0.0 115 115 0 80 80 0 38.6 38.6 0.0
16 5,1 4.8 -0.3 3.1 2.8 -0.3 1.0 0.8 -0.2 115 115 0 70 75 5 26.8 25.0 1.8
17 5,4 5.3 -0.1 3.4 3.2 -0.2 2.0 1.0 -1.0 120 115 -5 80 80 0 20.7 20.7 0.0
mean value 4.7 4.4 0.4 3.1 2.9 0.3 1.4 1.2 0.2 135.6 122.9 12.7 84.7 80.9 3.8 30.3 29.5 0.9
% decrease in CVR 7.6 8.1 14.5 9.3 4.5 2.9
p 0.005 <0.001 0.019 0.012 0.137 0.004

Table 2. Observed cardiovascular risk factors (CVR) values on initial (Ei) and control (Ec) medical examination after the individual 
dietary education intervention

TC Ei, total cholesterol on initial examination; TC Ec, total cholesterol on control examination; LDL Ei, LDL cholesterol on initial examination; 
LDL Ec, LDL cholesterol on control examination; TAG Ei, triacylglycerols on initial examination; TAG Ec, triacylglycerols on control exami-
nation; BPS Ei, systolic blood pressure on initial examination; BPS Ec, systolic blood pressure on control examination; BPD Ei, dyastolic blood 
pressure on initial examination; BPD Ec, dyastolic blood pressure on control examination; BMI Ei, body mass index on initial examination; BMI 
Ec, body mass index on control examination.
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values also decreased significantly: TC by 0.4 
mmol/ L or 7.6% with p=0.005, LDL decreased 
by 0.3 mmol/ L or 8.1% with p<0.001 and TAG 
decreased by 0.2 mmol/L or 14.5% with p=0.019. 
Systolic blood pressure was also statistically si-
gnificantly reduced by 12.7 mmHg or 9.3% with 
p=0.012, while reduction of diastolic blood pre-
ssure by 3.8 mmHg or 4.5% did not show stati-
stically significant reduction (p=0.137) (Table 2).

DISCuSSION

The efforts of institutions at all levels, focused 
on CVR prevention, are mostly based on the 
adoption of regular life-style and dietary habits 
in childhood and adolescence, considering their 
repeatedly proved relationship with CVR deve-
lopment and the fact that the habits acquired in 
early life periods are most commonly transmitted 
in the later life periods (4). Two recent studies 
(2,5) showed that the intervention program, in-
cluding changes in dietary and life-style habits, 
significantly affected the values of certain CVR 
parameters in adolescents. Education on proper 
dietary habits and promotion of physical activi-
ty resulted in increased intake of fruit, reduced 
fat intake (average of 6 g), sugar and sweetened 
beverages, and a decrease in total energy intake 
for an average of 200 kcal. These changes resul-
ted in significant changes in CVR values (2,5). 
Our individual intervention resulted in signifi-
cant changes, or specifically in increased levels 
of HDL by 8.0% (results not shown), reduction in 
total cholesterol by 7.6%, lowering levels of LDL 
by 8.1%, lowering triacylglycerol by 14.5%, re-
duction in systolic by 9.3% and diastolic pressure 
4.5%. Also, total energy intake decreased by 758 
kcal, total fat intake for an average of 39 g.
Dietary recommendations for children with 
dyslipidemia, older than two years, according 
to the National Cholesterol Education Program 
(NCEP) include reduction of total and saturated 
fat, cholesterol and simple sugars as well as in-
creased intake of complex carbohydrates without 
restriction of protein intake (6). Replacing satu-
rated fats with unsaturated in quantities of 3 ser-
vings a day in the diet with reduced intake of total 
fat, according to some authors, may be related to 
reduced level of LDL by 10 to 15% in adults (7). 
Evidence of the effectiveness of these dietary 
principles for children are provided by two large 

randomized studies, STRIP and DISC (8,9). Both 
studies confirmed LDL reduction and it has not 
been observed that the change of dietary habits 
and the application of the diet principles had un-
desirable effects on growth and development of 
children (10).
Although the value of certain nutrient intake on 
the control examination in this study still excee-
ded recommended levels of daily intake, redu-
ced total cholesterol, LDL, triacylglycerols, and 
elevated HDL on the control examination can be 
satisfying, considering the relatively short period 
between the initial and control examination, as 
well as extremely high total energy and intake of 
certain nutrients before applying given dietary 
advices. A significant reduction in total and sa-
turated fat intake achieved in this period was a 
result of a serious approach to education and par-
ticipants cooperation, appointing it as a possible 
intervention model for other age groups of pati-
ents with CVR. Surely, a remark has to be made 
to findings of several studies (11-13) showing 
that the improvement of the lipid profile and ot-
her CVRs reduction were not conditioned by the 
influence of individual nutrients, but their inte-
raction. Still, the hypothesis of significant mea-
surable changes in CVRs expressed as anthropo-
metric and biochemical measurements and blood 
pressure was confirmed, accenting the individual 
dietary intervention as a feasible and useful met-
hod in CVRs improvement.
Increased protein intake, without compliance on 
plant-animal-protein ratio recommendations, of-
ten result in high intake of saturated fat (14). In 
this study, the total protein content in the energy 
intake increased on the control examination com-
pared to the initial. Still, significant increase in fru-
it and vegetables intake on the control examination 
may be considered favorable for reducing the risk 
of hypertension. But the relationship between pro-
teins of plant and animal origin remained negative 
(1:1.5). Increased intake of simple carbohydrates, 
according to other studies (12,13) can present the 
risk of increased triglycerides and decreased HDL, 
while increased intake of complex carbohydrates, 
within the recommended energy intake, has the 
opposite effect. The share of total carbohydrates 
on the control examination in this study was si-
gnificantly reduced, as well as the intake of simple 
carbohydrates. Reduced intake of simple carbohy-
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drates was notably contributed by a reduced intake 
of sweetened beverages. Significant reduction in 
total energy intake is mostly resulted by reduced 
frequency of this food group, and correlation was 
found between intake of simple carbohydrates and 
triacylglycerol. Our results clarify clear decrease 
in sodium (18.8%), and saturated fats (by 25.2%) 
intake after the individual education, despite ma-
nifestation of typical eating habits of Eastern Cro-
atia (high intake of meat and products). A study 
conducted in 2008 in Croatia showed that the 
increase of 1 g of salt in daily intake in children 
and adolescents increased blood pressure by 0.4 
mmHg (15). The initiative for salt intake reduction 
in some European countries resulted in 10% lower 
sodium intake (16).
According to several recent studies (10,17,18), an 
increased intake of fiber as a result of increased 
intake of fruit, vegetables and grains, has stronger 
impact on the BMI reduction and improved lipid 
profiles in obese children and adolescents than the 
share of total and saturated fats, carbohydrate and 
protein. Study results show more adequate daily in-
take of fibers on the control examination (average of 
9.8 g/1000 kcal). The reason lies in increased avera-
ge daily intake of vegetables by 23%, fruit by 60%, 
and due to increased intake of cereals and cereal 
products, as well as half wholemeal bread, whole-
wheat and whole-grain bread (results not shown).
The hypothesis of improvement in eating habits 
after the individual dietary intervention through 
education was confirmed. Even though the im-
pact was low in some particular components, it 
was significant and should be considered as an 
important tool in prevention studies as well as a 
part of usual medical treatment procedure.
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Ima li individualna intervencija na 
prehrambene navike pozitivne rezultate 
u adolescenata s kardiovaskularnim 
rizicima?
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SAŽETAK

Cilj ovog istraživanja bio je utvrditi prehrambe-
ne navike adolescenata kojima je dijagnosticiran 
jedan ili više kardiovaskularnih rizika (CVR), 
prije i dva mjeseca nakon individualnog savje-
tovanja o pravilnoj prehrani. Upitnik o učestalo-
sti konzumiranja hrane (FFQ), antropometrijska 
mjerenja, krvni tlak i biokemijski parametri, uz 
individualno savjetovanje, provedeni su na sku-
pini od 17 adolescenata, prosječne starosti 14,5 
godina. Ukupan kalorijski unos, unos proteina, 
ukupnih i zasićenih masti, kolesterola, ukupnih 
i jednostavnih ugljikohidrata i natrija se značaj-
no smanjio, dok je unos prehrambenih vlakana 
značajno porastao. Značajno smanjenje utvrđeno 
je za prosječan indeks tjelesne mase, ukupan ko-
lesterol, LDL, TAG i krvni tlak. Individualni sa-
vjeti o prehrani rezultirali su pozitivnim promje-
nama prehrambenih navika, kao i na vrijednosti 
kardiovaskularnih rizičnih čimbenika.

Ključne riječi: prehrambene navike, individu-
alna intervencija, edukacija o pravilnoj prehrani, 
FFQ, biokemijski parametri

CASE REPORT
Challenges in the diagnosis and treat-
ment of recurrent non-resolving pneumo-
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ABSTRACT 

Foreign-body tracheobronchial aspiration in 
adults is fairly rare, and it is caused mostly by 
the failure of airway protective mechanisms. The 
symptoms of this clinical entity can mimic many 
other respiratory diseases, such as recurrent or 
non-resolving pneumonia, asthma, lung neopla-
sm etc. Flexible bronchoscopy was indicated in 
this situation, both for diagnostic and therapeutic 
purposes. We are reporting on a case of a fifty-
three-year old women with recurrent, non-resol-
ving pneumonia, recurrent hemoptysis, dyspnea, 
fiver, chest pain and radiological presentation of 
middle lobe neoplasm caused by aspirated chic-
ken neck bone. 

Kay words: foreign body, aspiration, pneumo-
nia, pulmonary neoplasm, bronchoscopy

INRODuCTION

Unlike foreign-body tracheobronchial aspiration 
in young children and in the elderly (1,2), this 
clinical entity is fairly rare in adults. In the adult 
population, such aspiration is most commonly 
secondary to unconscious accidental aspiration 
during general anesthesia, sedation, intoxica-
tion, seizures or neurologic disorders affecting 
the oropharynx or impairment in the swallowing 
reflex, poor dentition. (1,3). The severity of the 
symptoms of an aspirated foreign body can vary 
depending on the site of impact, as well as the 
nature of the foreign body (1,4). Organic mate-
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rials such as nuts, seeds, and bones are most co-
mmonly aspirated (1,2,4,5). The symptoms may 
range from acute asphyxia with or without com-
plete airway obstruction in the case of occlusion 
of the larynx with an aspirated large object, cou-
gh, dyspnea, choking, or fever (2,3,5). In adults, 
many other medical conditions mimic respiratory 
abnormalities similar to those associated with fo-
reign body aspiration (1-3). We are reporting on a 
case of a middle-age women with recurrent, non-
resolving pneumonia and recurrent hemoptysis, 
progressive dyspnea, fiver, chest pain and radio-
logical presentation of middle lobe neoplasm. 

CASE REPORT

A 53-year old female patient, who was treated for 
insulin independent diabetes in the last four years, 
was hospitalized for the second time with hemop-
tysis, chest pain, fever, cough and wheezing. The 
symptoms of dry irritating cough, fever and brea-
thlessness, started two years before. According to 
the medical records, the patient was treated initially 
for right-sided bronchopneumonia with antibiotics, 
bronchodilatators and antipyretics at a local out-
patient medical facility, but with partial symptom 
relief. Then she was hospitalized in local hospital, 9 
months before the current hospitalization, and tre-
ated for the recurrent right-sided middle lobe pne-
umonia. In previous hospitalizations she had had 
elevated inflammatory parameters, pathological 
causes and alcohol-acid resistant bacilli (AARB) 
had not been proven in the sputum. The radiologi-
cal finding showed inhomogeneous infiltration of 
the middle pulmonary lobe, with incomplete radio-
graphic regression on discharge. Flexible bronchos-
copy was suggested to indirect signs of neoplasm 
for intermediate bronch - swelling of the bronchial 
mucosa with extramural compression, as well as 
intense mucosal inflammation and very abundant 
secretion. Fiberaspirat remained sterile, and histo-
logical biopsy finding was chronic bronchitis with 
squamous mucosal metaplasia. The patient refused 
the proposed further diagnostic procedure for per-
sonal reasons, and she left the treatment in good 
clinical condition, but with incomplete radiological 
improvement. On actual admission her vital signs 
were as follows: temperature 38 °C, blood pressu-
re of 140/75 mmHg, heart rate 98/min, respiratory 
rate 22/min, SAT O2 94% on room air. Physical exa-
mination revealed crackles at the right lung base. 
Her white blood cell count (WBC) on admission 

was 6 700 cells/mm3 (neutrophils 65%, lympho-
cytes 29%), SE 23/55, RBC 4.2x1012, hemoglobin 
141 g/L, hematocrit 37.1 vol%, platelets 347 x 103 
/mm3, glycemia 9.4 mmol/L, serum creatinine 98 
mmol/L, serum urea nitrogen 6.5 mmol/L, and C-
reactive protein was 7 mg/L (reference: <5 mg/L). 
The gas analysis of arterial blood on room air 
showed pH 7.38, PCO2 38.1 mm/Hg, HCO3 23.9 
mmol/L, the base excess was 2.2mmol/L, PaO2 

66mmHg and SAT O2 was 94%. Spirometric lung 
function parameters was: FVC 71.9% of predicted, 
FEV1 83.8% of predicted, FEV1/FVC  96.2% of 
predicted FEF25 59.4%, FEF50 58.3%, FEF75 40.1%, 
without significant reversibility after 200 mcg of 
salbutamol inhaler. Chest radiography in posterio-
anterior projection showed right hilar enlargement, 
with non-homogeneous opacity in pulmonary pa-
renchyma on the right heart border. Computed to-
mogram of the thorax in sagital projection demon-
strated consolidation of the rough edges in middle 
lobe in close contact with the heart. Clinical evalu-
ation of the patient did not indicate inflammatory 
nature of pulmonary consolidation and considering 
recurrent pneumonia with hemoptysis, suspected 
lung neoplasm; it was necessary to do flexible bron-
choscopy under local anesthesia, with the consent 
of the patient and consent for invasive testing by 
cardiologist. Endoscopic findings confirmed parti-
al obstruction of intermediate bronch with a mass, 
irregular edges, vulnerable, fragile bleeding mu-
cosa (Figure 1), and the physician who performed 
the bronchoscopy suspected a foreign body in the 
intermediate bronchus; a chicken neck bone of the 
diameter 1x 0.9 x 1.2 cm was successfully pulled 
out, with consecutive minor bleeding (Figure 2). 
This female patient was discharged after 10 days in 
good general condition, without any complications 
of flexible bronchoscopy removal of foreign body 
from intermediate bronchus. Subsequent updating 
of medical history revealed that the patient did not 

Figure 1. Endoscopic findings confirmed partial obstruction of 
intermediate bronchus with a mass, irregular edges, vulner-
able, fragile, bleeding mucosa (Stanojević D, 2012)
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Izazovi u dijagnostici i terapiji rekurent-
nih nepotpuno izlečivih pneumonija – pri-
kaz aspiriranog stranog tela kod odrasle 
osobe koje imitira neoplazmu pluća
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SAŽETAK 
Traheobronhijalna aspiracija kod odraslih prilič-
no je retka i najčešće uzrokovana oštećenjem od-
brambenih mehanizama disajnih puteva. Simptomi 
ovog kliničkog entiteta mogu imitirati simptome 
mnogih drugih respiratornih bolesti kao što su re-
kurentna ili nepotpuno izlečiva pneumonija, astma, 
neoplazma pluća i slično. Kod postojanja sumnje 
na aspiraciju stranog tela indikovana je fleksibil-
na bronhoskopija, kako iz dijagnostičkih, tako i 
iz terapijskih razloga. U radu prikazujemo slučaj 
pedesettrogodišnje žene s rekurentnom, nepotpuno 
izlečenom pneumonijom i hemoptizijama, bolom u 
grudima, kašljem, progresivnom dispnejom i radi-
ološkim nalazom neoplazme srednjeg režnja pluća, 
uzrokovane aspiracijom pileće kosti. 

Ključne reči: strano telo, aspiracija, pneumonija, 
neoplazma pluća, bronhoskopija

Figure 2. Extracted foreign body - chicken neck bone diameter 
1x0.9 x 1.2 cm (Stanojević D, 2012)

remember any accidental aspiration during eating, 
followed by choking, coughing, or chest pain two 
years before, when  her first symptoms began. 
However, she admitted that she often and gladly ate 
mostly chicken necks. Medical examination after 
six months showed normal chest x-ray, just like the 
CT findings and the female patient was without any 
respiratory symptoms. 
This unusual case of recurrent and non-resolving 
pneumonia in the adult older than 50 who had had 
two years of evolution, without proven infecti-
ve cause of parenchimal consolidation in middle 
lobe, with radiological and endoscopic findings of 
indirect signs of lung neoplasm, represents a gre-
at clinical challenge during the second hospitali-
zation. Malignancy is one of the common causes 
of non-resolving pneumonia or slowly resolving 
pneumonia (6) and was diagnosed in 11%-27% of 
patients (6-8). Critical assessment of unusual en-
doscopic findings by the doctors during the second 
bronchoscopy indicated a possible presence of a 
foreign body in the intermediate bronchus, which 
was due to their skills that indicated correctly both 
the diagnosis and treatment. Most of the foreign 
bodies are radiolucent, but x-ray film, as well as 
computed tomography should be performed in 
cases with suspected foreign body aspiration (3). 
Although foreign bodies in the tracheobronchial 
tree are rare in adults with incidence from 0.33% 
to 1.17% (1-5), the clinician must be aware of their 
likelihood (2,7,8,9). The success rate of the flexi-
ble bronchoscope in removing foreign bodies can 
be as high as 100% in experienced hands when a 
careful case selection is made (3,5,8,9).
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ABSTRACT

The larynx and thyroid gland are the most com-
mon sites for head and neck malignancies. The 
existence of two primary cancers are rare and es-
pecially if they are in the same region, and both 
are very invasive. Subglotic laryngeal cancer is 
the rarest, with only 1% frequency of all larynge-
al cancers. We are reporting on a case of a forty-
seven-year-old female urgently admitted to the 
Ear, Nose and Throat (ENT) Clinic in Tuzla, with 
severe respiratory insufficiency. The patient un-
derwent total laryngectomy, total thyreoidecto-
my, radical and functional neck dissection. Histo-
logical examination showed laryngeal squamous 
cell carcinoma and papillary thyroid carcinoma. 

Key words: head and neck malignancies, collisi-
on tumor, neck metastasis

INTRODuCTION

The larynx and thyroid gland are the most com-
mon sites for head and neck malignancies. Squ-
amous cell carcinomas (SCC) are dominating 
laryngeal cancers with prevalence in males, but 
in past years there has been an increasing number 
of female patients with laryngeal carcinoma (1).  
Laryngeal carcinomas are most common in the 
glottic region (glottic tumors) with incidence of 
59% , supraglottic tumors are somewhat rarer with 
an incidence of 40% , subglottic laryngeal cancer 
is rarest with the incidence of 1% (2). There are 
many risk factors for laryngeal carcinoma, some 

of them are being smoking, alcohol consumption, 
GERD, irradiation of head and neck, HPV espe-
cially  types 16 and 18 (2). Thyroid carcinomas 
are rare tumors with the range of 1% of all mali-
gnomas, but they are the most common endocrine 
carcinomas and include about 5% of all thyroid 
nodules (2). Papillary thyroid carcinoma (PTC) 
is the most common type of thyroid gland tumors 
with notable female dominance (3). Also, inciden-
ce of thyroid carcinoma is on the continuing rise 
in the last 20 years (3). In general population it 
is considered that 20-50% of people have nodules 
in the thyroid gland (2). Some statistics indicate 
that one quarter of the population (13-35%) has 
papillary thyroid carcinoma, detected in 3-9 cases 
per 100000 yearly, mostly by accident (2). The in-
cidence ranges from 1.2-2.6 per 100000 men and 
2.0-3.8 per 100000 women (2). Risk factors for 
thyroid carcinoma are genetics, obesity (women), 
low alimentary iodine intake, certain familial syn-
dromes (e.g. familial polyposis coli, Gardners syn-
drome), reproductive and hormonal status (higher 
risk associated with high parity and late menar-
che), ionising radiation (especially in childhood, 
children tend to get papillary cancer) (2). This case 
report described a metastasis of Papillary thyroid 
carcinoma in lymph nodes in the patient with squ-
amous cell carcinoma of larynx. 

CASE REPORT

A forty-seven-year-old female was urgently ad-
mitted to the Ear, Nose and Throat (ENT) Clinic 
Tuzla, with severe respiratory insufficiency. The 
patient underwent tracheotomy and biopsy of the 
left-sided subglottic laryngeal tumor. The patient 
had had history of hoarseness and occasional respi-
ratory difficulties in past several months. Histologi-
cal examination showed laryngeal SCC. After pre-
operative assessment, the patient underwent a total 
laryngectomy. The tumor was localized in left side 
of the subglottic region of larynx with infiltration 
and erosion of cricotracheal membrane, and infil-
tration of left side infrahyoid muscles and corres-
ponding part of thyroid gland isthmus (T4a, NX, 
M0, stage IVA ) (Figure 1). Pathological examinati-
on showed laryngeal SCC and PTC in lymph nodes 
as well as in the removed infrahyoid muscles. 
Histopathological findings after the first operati-
on were as follows: 1) Carcinoma planocellula-
re invasivum laryngis et infiltrativum glandulae 
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thyreoideae, textus fibroadiposi et musculi striati 
(T4aN1Mx); Carcinoma planocellulare laryngis 
metastaticum unius et textus adiposae perinoda-
lis, 2) Carcinoma papilare invasivum glandulae 
thyreoideae et infitrativum texus fibroadipose et 
musculi stiati (T4aN1aMx), Carcinoma papillare 
glandulae thyreoideae metastaticum lymphono-
dorum IV et textus adiposae perinodalis et infil-
trativum musculi striati. 
Subsequently, total thyreoidectomy with right-
sided radical neck dissection and left-sided fun-
ctional neck dissection was performed (T1, N2, 
MO, stage III). Histological and immunohisto-
chemical examination showed PTC in the right 
lobe of the thyroid gland with metastasis in right-
side neck lymph nodes (Table 1).
The patient was presented at the Council for 
Thyroid Diseases and Council for Oncologic Di-
seases of the University Clinical Center (UCC) 
Tuzla, who gave recommendations for chemot-

herapy and radiotherapy. The patient was fo-
llowed-up every 3 months and there were no si-
gns of recurrence. 
This report presented an interesting and rare case 
of the female middle-aged patient with simultane-
ous presence of two primary cancers. Both of them 
were diagnosed during laryngeal surgery, and both 
of them had given lymph nodes neck metastases 
and infiltrated surrounding tissues. It should be 
noted that females have less frequent incidence 
of laryngeal cancer than males (1). Also, subglottis 
localization of laryngeal cancer has the lowest in-
cidence (1%) in the group of laryngeal cancers 
(2). Several studies described the presence of PTC 
in lymph nodes of patients with primary laryngeal 
SCC (1, 4-8).  The incidental discovery of thyro-
id cancer in patients with squamous cell laryngeal 
carcinoma is an unusual and rare clinical entity 
(4). The term “collision tumors” refers to coexi-
stence of two histologicallly distinct malignant 
tumors within the same mass (5). Collision tumors 
involving the thyroid gland and/or neck region are 
especially uncommon (5). Incidence of metastatic 
thyroid tissue in a patient with head and neck car-
cinomas treated with neck dissection is 1.6% (9).
Mettioli et al described a case of metastatic SCC 
with occult primary site, and metastatic PTC in 
the same lymph node (6). Eight patients with 
SCC had incidental findings of thyroid metasta-
ses in a study by Vassilopolou-Sellin in the group 
of 2855 patients (0.3%) (8). Incidence of thyroid 
metastases during neck dissections of head and 
neck SCC could be higher (8). Neck dissection in 
such cases does not usually include central neck 
compartment, which is the most common site for 
lymph nodes metastases of PTC (7-9). 
Management of patients with metastatic thyroid 
cancer remains controversial, and several cases 
undoubtedly showed a necessity of finding a thera-
peutic strategy which should have a scientific con-
sensus (8,9). This case report presents a rare clini-
cal phenomenon. There is a need for strict control 
of SCC, but rapid progressive loco-regional recu-
rrence of PTC should be considered as well. 
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Preparation for PH 
analysis Histopathological findings

Resected material, right 
side of the neck

Carcinoma papillare glandulae thyreoi-
deae metastaticum lymphonodorum III, 
sinus histiocytosis lymphonodorum VIII

Infrahyoid musculature

Infiltratio carcinomatis planocellularis 
textus fibrosae et musculi striati, Fibrosis 

et granuloma corporis alieni textus 
fibrosae et musculi striati

Resected material, left side 
of the neck

Carcinoma papillare glandulae thyreo-
ideae metastaticum lymphonodi unius, 
Sinus histiocytosis lymphonodorum VI

Right paratracheal node to 
the mediastinum

Sinus histiocytosis et anthracosis lymp-
honodi unius

Right lobe of the thyroid 
gland with partially resec-
ted cervical trachea

Carcinoma papillare invasivum glan-
dulae thyreoideae cum infiltratio textus 

fibrosae periglandularis (T4a)

Suspicious left lobe of the 
thyroid gland

Carcinoma papillare invasivum glandu-
lae thyreoideae, Carcinoma papillare et 
squamosum infiltrativum textus fibrosae 
et musculi striati periglandularis (T4a), 
Hyperplasia nodularis glandulae parat-

hyreoideae

Table 1. Histopathological findings after the second operation

Figure 1.  Preoperative CT of the neck, subglottic area of lar-
ynx (subglottis) (Kamberović R, 2011)
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Papilarni karcinom štitne žlijezde kod 
pacijentice sa skvamocelularnim karci-
nomom larinksa
Hrnčić Nermin1, Ramaš Almedina2, Altumbabić 
hasan2, Hodžić Ðenad1, Hatibović Haris1 , 
Šehanović Emir2, Salkić Nedžad2

1ORL odjel, Kantonalna bolnica Zenica; 2ORL klinika, Univerzitet-

ski klinički centar Tuzla; Bosna i Hercegovina

SAŽETAK

Larinks i štitna žlijezda su najčešća sjela mali-
gniteta glave i vrata. Postojanje dva primarna 
karcinoma u jednom organizmu su rijetkost, a 
pogotovo ako se nalaze u istoj regiji, te su uz to 
oba jako invazivna. Subglotični karcinomi la-
rinksa su najrjeđi laringealni karcinomi sa svega 
1% učestalosti. U ovom radu je prikazan slučaj 
četrdesetsedmogodišnje žene koja je primljena 
kao hitan slučaj na ORL kliniku u Tuzli zbog 

teške respiratorne insuficijencije. Urađena joj je 
totalna laringektomija, totalna tireoidektomija, te 
radikalna i funkcionalna disekcija vrata. Patohi-
stološki nalaz je pokazao skvamocelularni karci-
nom larinksa i papilarni karcinom štitne žlijezde.

Ključne riječi: malignomi glave i vrata, kolizio-
ni tumori, metastaze na vratu
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ABSTRACT 

The report presents a case of a 46-year-old male 
patient, previously treated because of dysphagia, 
pyrosis, vertigo while standing up and impotency. 
Manometric and pH-metric analysis showed pres-
ence of gastroesophageal reflux disease (GERD) 
caused by transient relaxation of  lower esopha-
geal sphincter (TRLES). Heart-rate variability 
showed decreased sympathetic function. Electro-
myoneurography showed a neurological lesion in 
muscles of upper extremities. The patient received  
midodrine and clonazepam which resolved this 
condition. These findings suggest that a neurologi-
cal disorder can be a cause of GERD.

Key words: dysphagia, vertigo, manometry, 
pH-metry

INTRODuCTION

Gastroesophageal reflux disease (GERD) is a 
condition which develops when the reflux of 
stomach content causes troublesome symptoms 
and/or complications (the Montreal definition of 
GERD) (1). Lower esophageal sphincter (LES) 
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can show decreased resting pressure, but in 
many patients with GERD the resting pressure 
is normal. Reflux occurs in these patients during 
transient relaxations of LES (TRLES) (1) as a 
result of autonomic dysfunction (2).
The aim of this case report was to show the 
necessity of performing analysis of autonomic 
nervous system in patients with proton pump 
inhibitors (PPI)-resistant GERD associated with 
postural hypotension. 

CASE REPORT

A 46-year-old male patient presented to the Clini-
cal Hospital Center Bežanijska kosa complaining 
of pyrosis, dysphagia, vertigo while getting in a 
stand up position, and impotency. The patient had 
had these symptoms for the last three years and 
although he was taking PPI he did not feel better, 
especially during the summer.
Upper gastrointestinal endoscopy showed casca-
de stomach and hyperemic changes in the distal 
esophageal mucosa. Barium-swallow analysis 
showed normal peristalsis. Esophageal scinti-
graphy showed mild transit disorder. Abdominal 
ultrasonography and radiological examination of 
heart and lungs were normal. Laboratory findings 
were within normal range. 
On 24-hour ambulatory pH-metry (Medtronic 
Digittraper device, Minneapolis, USA) DeMee-
ster score was 15.3, which is above upper limit of 
normal value (Figure 1). Esophageal manometry 
(Medtronic water-perfused equipment, Minne-
apolis, USA) showed normal resting pressure 
of LES with complete relaxation during wet-
swallow. Esophageal body showed normal am-
plitude peristaltic contractions. Resting pressure 
of upper esophageal sphincter was within normal 
range with complete relaxation and good coordi-
nation with pharyngeal swallowing phase.

Spectral analysis of heart rate variability (Task 
Force Monitor device, CNSystems Medizintec-
hik, Graz, Austria) showed decreased sympathe-
tic function (Figure 2). 

Figure 1. PH-metric analysis of gastroesophageal reflux disease

Figure 2. Spectral analysis of heart rate variability

On electromyoneurography (Medtronic Keypon, 
Minneapolis, USA neurological lesion in muscles of 
upper extremities was found: lesion of front moto-
neurons in cervical and thoracic part of spinal cord.
The patient received midodrine and clonazepam. 
After two weeks of therapy he had no longer 
dysphagia and pyrosis, after three weeks erectile 
dysfunction was resolved.
The Bradbury-Eggleston syndrome (primary au-
tonomic failure) is rare, progressive, adult onset, 
degenerative disorder of the autonomic nervous 
system characterized in most of the cases clini-
cally by orthostatic hypotension, bladder, sexu-
al and sudomotor (stimulation of sweat glands) 
dysfunction (3-6). The Bradbury-Eggleston syn-
drome is one of the three diseases classified as 
primary autonomic failure. The others are Shy-
Drager syndrome and Parkinson disease (7). It is 
believed that the cause of this syndrome is deple-
tion of the sympathetic nerve endings and their 
ability to take up norepinephrine (3-6).
Our patient had practically normal esophageal 
manometric finding with established GERD by 
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24-hours ambulatory pH-metry. Therefore, the 
only mechanism for GERD is transitory relaxati-
on of lower esophageal sphincter (TRLES), whi-
ch usually cannot be recorded during esophageal 
manometry (8) as trigger for TRLES is gastric 
dilation (8).  Esophageal manometry examinati-
on is performed on patients with empty stomach; 
therefore, we were unable to record TRLES. Ha-
ving in mind that sympathetic nervous system is 
responsible for tonic effect on sphincteric musc-
les (6) we assumed that reason for great number 
of TRLES was a decreased sympathetic function, 
so we performed heart rate variability analysis 
and electromyoneurography on the patient who 
showed sympathetic dysfunction (decreased 
sympathetic function). 
This case report is a unique example of esopha-
geal functional disorder with normal esophageal 
manometry finding. In cases like this we strongly 
recommend analysis of autonomic nervous system 
in order to establish proper diagnosis and therapy. 
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– neuobičajen uzrok gastroezofa-
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SAŽETAK 

U radu je prikazan slučaj pacijenta muškog pola, 
starog 46 godina, lečenog više godina zbog dis-
fagije, piroze, ortostatske vrtoglavice i impoten-
cije. Manometrijska i pehametrijska analiza uka-
zala je na gastroezofagealnu refluksnu bolest 
(GERB), uzrokovanu tranzitornom relaksaci-
jom donjeg ezofagealnog sfinktera, što je post-
avilo sumnju na smanjenu funkciju simpatikusa. 
Varijabilitet srčanog ritma potvrdio je smanjenu 
funkciju simpatikusa, a elektromioneurografija je 
ukazala na neurološku leziju mišića ruku. Paci-
jent je dobio midodrin i klonazepam što je dovelo 
gubitka tegoba. Ovi nalazi ukazuju da neurološki 
poremećaj može biti uzrok GERB-a.

Ključne reči:  disfagija, vrtoglavica, manometri-
ja, pehametrija
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Dear Editor,
We read with interest the article by Muračević et al. 
regarding the effect of alpha-methyldopa on um-
bilical artery Doppler findings in pregnant women 
with hypertensive disorders (1). The authors des-
cribed that there were no changes in fetal umbilical 
artery Doppler velocimetry in singleton pregnant 
women with hypertensive disorders between 36 
and 40 weeks of gestation. However, even in consi-
deration of circumstances in various countries, the 
use of antihypertensive agents after 36 gestational 
weeks is less beneficial to pregnant women with 
hypertensive disorders (2–5). We wish to discu-
ss the usefulness or necessity of antihypertensive 
drugs for pregnant women depending on the se-
verity of the hypertensive disease (≥36 gestational 
weeks). Further, we present the case of a pregnant 
woman with severe preeclampsia, where in chan-
ges in maternal blood pressure (BP) during anti-
hypertensive drug therapy was rapidly reflected on 
fetal umbilical artery Doppler velocimetry.
Sibai reported that expectant management of wo-
men with severe preeclampsia occurring at <32 
gestational weeks may improve new-born outco-
mes but requires careful in-hospital maternal and 
fetal surveillance (2). Because severe preeclamp-
sia is associated with increased rates of maternal 
morbidity and mortality, and with significant risks 
for the fetus (growth restriction, hypoxemia, and 

death), there is a universal agreement that all such 
patients should deliver if the disease develops af-
ter 34 gestational weeks; patients with gestational 
ages of 33–34 weeks are administered corticoste-
roids and then deliver after 48 hours (2). In additi-
on, Vigil-De Gracia et al. have recently shown that 
expectant management of severe preeclampsia 
after treatment with corticosteroids in women at 
28 to 33 weeks of pregnancy is ineffective in re-
ducing perinatal mortality and morbidities, even in 
developing countries with limited health resources 
(3). They also concluded that severe preeclamp-
sia occurring after 28 weeks of pregnancy should 
be managed with prompt delivery after corticoid 
administration (3). Therefore, in conclusion, we 
do not agree with the use of antihypertensive drug 
therapies for pregnant women with severe preec-
lampsia after 36 weeks of gestation.
National hypertension societies in the US and 
Canada have listed methyldopa, labetalol, and 
long-acting nifedipine as acceptable oral anti-
hypertensive agents when drug therapy is requ-
ired in pregnant women with mild-to-moderate 
hypertension (4). However, there is no clear con-
sensus on the management of non-severe hyper-
tension during pregnancy for optimizing pre-
gnancy outcomes (4). Furthermore, the review of 
46 trials involving 4282 women did not provide 
enough evidence to show the benefit of anti-
hypertensive drugs for mild-to-moderate hyper-
tension during pregnancy (5). Abalos concluded 
that it remains unclear whether antihypertensive 
drug therapy for mild-to-moderate hypertension 
during pregnancy is worthwhile (5). The use of 
antihypertensive agents in pregnant women with 
mild-to-moderate hypertension may not be fea-
sible, especially after 36 weeks’ gestation (4,5).
We present the case of a pregnant woman with 
severe preeclampsia. A 38-year-old pregnant 
woman with severe hypertension (BP, 190/110 
mmHg) and severe proteinuria (urinary protein, 
8.2 g/day) was referred to our facility at 23 ge-
stational weeks; hydralazine hydrochloride and 
magnesium sulphate combination therapy was 
immediately initiated. No abnormalities were 
observed on fetal umbilical artery Doppler velo-
cimetry when the patient’s blood pressure (BP) 
decreased to 150/88 mmHg. However, when the 
patient’s BP further declined to 120/80 mmHg, 
the diastolic umbilical blood flow became absent. 
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Upon discontinuation of hydralazine therapy, the 
BP was restored to 150/100 mmHg, and fetal di-
astolic umbilical blood flow promptly improved.
The use of hydralazine or labetalol is recom-
mended in the expectant management of women 
with severe preeclampsia before 32 gestational 
weeks, because these drugs are not related to 
any significant changes in fetal Doppler findings; 
therefore, drugs such as alpha-methyldopa (1,4) 
are considered safe (2,6). Nevertheless, in the 
present case, the effect of hydralazine on mater-
nal BP was reflected directly on fetal umbilical 
artery Doppler velocimetry. The use of hydrala-
zine does not always appear safe for the fetus in 
patients with severe preeclampsia, where in the 
regulatory mechanism of uteroplacental and feto-
placental circulation is insufficient. 
In conclusion, although we are academically in-
terested in the effect of antihypertensive agents 
on umbilical artery Doppler findings in pregnant 
women with hypertensive disorders, the use of 
these drugs, including alpha-methyldopa, after 36 
gestational weeks is not practical. Because the use 
of antihypertensive agents (including hydralazine, 
labetalol, or alpha-methyldopa) is not always safe 
for the fetus, careful attention is needed when ad-
ministering those drugs to pregnant women.
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