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Introduction

Atherosclerosis is a process that simultane-
ously affects the carotid and coronary arter-
ies. It is estimated that these two conditions 
can coexist within a range of 2-20%,  with 
an average incidence of 8% (1-8). Numerous 
statements confirm this fact. Hedelbad and 
associates (8) proved that more than 50% 
of patients, suffering from carotid arteries 
stenosis, simultaneously show symptoms of 
ischemic or coronary heart disease (9, 10). 
Also, it was found that in 19% of patients, 

with the need for coronary revascularization 
(coronary artery bypass grafting – CABG), 
carotid arteries stenosis simultaneously ex-
ists, which is of hemodynamic significance, 
60% of patients undergoing carotid endar-
terectomy (CEA) show signs of angina pec-
toris and in 18% of cases coronary angiog-
raphy confirmed a significant degree of cor-
onary disease (11, 12). Patients with a sig-
nificant coronary stenosis requiring CABG, 
with a significant simultaneous stenosis of 
the carotid arteries, are a major therapeu-
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Objective. The aim of this study was to show perioperative complica-
tions of CABG procedure with and without cardiopulmonary bypass 
(CPB) in patients with combined coronary and carotid disease. Pa-
tients and methods. This retrospective survey included patients with 
left main stenosis greater than 50% and carotid stenosis over 50%, 
who had undergone CABG without carotid endarterectomy at the BH 
Heart Centre, from May 2009 to May 2014. The patients were divided 
into two groups according to the surgical method used. Group A con-
sisted of 50 patients who underwent surgery without CPB and the sec-
ond group of 50 patients with CPB, conformed according to gender, 
ejection fraction values, EuroSCORE and the number of bypass grafts 
performed. Results. Analysis of the basic results indicates significant 
differences between the groups in the time spent on a respirator or 
time in the ICU, the amount of postoperative bleeding or compensat-
ed blood, as well as subsequent complications. The overall incidence 
of neurological complications showed a difference in the observed 
groups. Conclusion. With ever easier technical performance, com-
plete planned revascularization and the quality of performed grafts, 
the conditions have been created for a comparative analysis. Accord-
ing to the results we can say that CABG without CPB has a number 
of advantages over the other method, in patients with the combined 
disease.
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tic challenge. The reason for this is primarily 
the incidence of stroke or cerebrovascular in-
sult (ICV) as one of the most serious CABG 
complications (13). Numerous studies have 
shown that the risk of occurrence of ICV dur-
ing CABG is in direct correlation with the de-
gree of carotid stenosis (14). As a consequence 
a common strategy for the treatment of such 
patients was „carotid before coronary“ that 
is, first, an operation on the carotid arteries 
(CEA) and only then CABG in two parts, or as 
a simultaneous operation (15). However, in pa-
tients with significant stenosis of the main tree 
of the left coronary artery, „left main stenosis“  
(LMS) and carotid stenosis, priority is given to 
CABG, primarily because of the seriousness of 
the location of the stenosis, the symptoms, the 
possibility of hemodynamic instability, which 
is rather frequent in those patients, as well as 
because of the operation itself.   

The main objective of this study was to 
show the perioperative complications of 
CABG procedure in surgically treated popu-
lations, with and without cardiopulmonary 
bypass.

Patients and methods 
The survey included patients with LMS 
greater than 50% and carotid artery steno-
sis greater than 50%, who had undergone 
CABG at the BH Heart Center in the town 
of Tuzla, Bosnia and Herzegovina, within 
the period from May 2009 to May 2014. 

Regarding the surgical method, the pa-
tients were divided into two groups. Group 
A consisted of 50 patients who underwent 
surgery without cardiopulmonary by-
pass (CPB), and group B 50 patients who 
had CPB, conformed according to gender, 
ejection fraction values (group on-pump: 
51.5±11.4 and group off-pump 55.2±10.1), 
EuroSCORE (group on-pump: 3.7±1.5, 
group off-pump 3.5±1.1), and the number 
of bypass grafts performed.

These perioperative results in both 
groups were analyzed and compared: a) total 

duration of surgery (expressed in  minutes); 
b)  time spent on a respirator (expressed 
in hours);  c) time spent in the Intensive 
Care Unit (ICU) (expressed in hours);  d) 
the amount of postoperative bleeding (ex-
pressed in milliliters); e) the amount of com-
pensated blood (expressed in milliliters) f) 
basic perioperative complications and their 
frequency (postoperative bleeding requir-
ing revision, atrial fibrillation, myocardial 
infarction, deep wound infection), which 
was monitored within the same hospitaliza-
tion;  g) basic postoperative neurological 
complications (cognitive deficits,  transient 
ischeamic attack (TIA), cerebrovascular in-
sult (ICV) which were monitored within the 
same hospitalization; and h) length of hospi-
talization (expressed in days).

Statistical analysis 

Distribution of the continuous variables 
was expressed as the mean ± standard de-
viation and compared by means of the un-
paired two-tailed T-test or the Fisher exact 
test. Categorical variables were tested by χ2. 
Statistical significance was considered as p 
value less than 0.05. 

Results

In both analyzed groups there were no sig-
nificant differences between either the sexes 
or average age values, ejection fraction and 
EuroSCORE. Examination of preoperative 
risk factors showed that hypertension, hyper-
cholesterolemia, heredity and smoking were 
most common in both groups. Also, a com-
parative analysis of the territorial distribution 
of bypass grafts between the groups showed 
an insignificant difference in the number of 
grafts in a particular coronary area. 

An analysis of basic perioperative results 
is given in Table 1.

Analysis of basic perioperative results 
indicates significant differences between the 

Acta Medica Academica 2017;46:1-6
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groups in the time spent on a respirator, the 
length of time spent in intensive care, the 
amount of postoperative bleeding and the 
amount of compensated blood. The dura-
tion of surgery was insignificantly shorter 
in the off-pump group. Also, the total num-
ber of hospitalization days was significantly 
lower in the off-pump group.

An analysis of the frequency of periop-
erative complications, such as rhythm disor-
der, wound infection, bleeding reoperation 
and myocardial infarction, for both groups 
is presented in Table 2. 

In both groups the most frequent periop-
erative complication was rhythm disorder as 
a type of atrial fibrillation, then prolonged 

bleeding requiring reoperation exclusively 
in the off-pump group, myocardial infarc-
tion, and wound infection was noticed in 
the on-pump group. Analysis of death fre-
quency in both groups leads to similar con-
clusions. Mortality insignificantly lower in 
the off-pump group. 

An analysis of the frequency of periop-
erative complications in terms of cognitive 
and motility disorders or occurrence of 
milder cognitive deficits, then TIA and ICV 
in both groups is presented in Table 3.

The analysis indicates a smaller number 
of milder cognitive deficites in the off-pump 
group, also the occurrence of a stroke, no-
ticed only in the on-pump group. In both 

Table 1  Perioperative results for both groups

Monitored variables Group A* Group B† p‡

Operation (min; x– ± SD) 248.0±34.2 237.6±38.2 0.155

Respirator (h; x– ± SD) 12.1±6.7 9.1±4.2 0.009

Stay in ICU (h; x– ± SD) 59.5±88.1 31.3±14.9 0.028

Bleeding (ml; x– ± SD) 584.0±232.8 456.4±168.0 0.002

Blood compensation (ml; x– ± SD) 358.8±351.7 187.4±253.9 0.006

Total hospitalization (d; x– ± SD) 8.4±3.5 7.1±2.1 0.033

*Surgery performed on-pump; †Surgery performed off-pump; ‡Two-tailed unpaired student’s t-test; ICU=Cardiac intensive care unit.

Table 2 Perioperative complications for both groups

Complication Group A* Group B† p

Rhythm disorder‡, n (%) 17 (34.0) 15 (30.0) 0.668§

Wound infection, n (%) 2 (4.0) 0 (0.0) 0.495||

Bleeding-reoperation, n (%) 3 (6.0) 0 (0.0) 0.242||

Myocardial infarction, n (%) 1 (2.0) 2 (4.0) 1.000||

Mortality, n (%) 3 (6.0) 0 (0.0) 0.242||

*Surgery performed on-pump; †Surgery performed off-pump; ‡By type of atrial fibrillation; §χ2 test; ||Fisher exact test.

Table 3 Neurological complications

Neurological complications Group A* Group B† p‡

Milder cognitive deficit, n (%) 4 (8.0) 3 (6.0) 1.000

TIA, n (%) 4 (8.0) 1 (2.0) 0.362

ICV, n (%) 4 (8.0) 0 (0.0) 0.117

Overall incidence of neurological complications, n (%) 12 (24.0) 4 (8.0) 0.054

*Surgery performed on-pump; †Surgery performed off-pump; ‡Fisher exact test. TIA=Transient ischeamic attack; ICV=Cerebrovascular insult.
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groups the most frequent perioperative 
complication was transitory consciousness 
disturbance by type of TIA, and mild cog-
nitive deficit. The overall incidence of neu-
rological complications showed a difference 
in the observed groups in terms of the more 
frequent occurrence of neurological deficits 
in the on-pump group. 

Discussion
The results indicate the wide benefit of using 
the off-pump method in our study and bring 
us to the conclusion that CABG without 
CPB has certain advantages over the other 
method, in patients with a combined disease.

Numerous studies have shown that the 
risk of CVI during CABG is concommitant to 
the degree of carotid stenosis (14). In distinc-
tion from patients without a significant carot-
id disease in which the incidence of ICV after 
CABG is only 1.9%, in patients with signifi-
cant stenosis it increases significantly, so that 
it was 3% in patients with unilateral stenosis of 
50-90%, 5% in patients with bilateral 50-90% 
stenosis and 7-11% in patients with carotid 
occlusion (16). Given the well-known fact 
that for the occurence of ICV during CABG 
the most responsible are manipulation of the 
changed atherosclerotic aorta during cannu-
lation, and the clamping necessary to establish 
the cardiopulmonary bypass (CPB)  (17, 18) 
a logical solution in reducing the incidence 
of ICV appears to be operations avoiding the 
use of CPB. That is why CABG without CPB, 
so-called „beating heart surgery“ could rep-
resent an acceptable alternative to conven-
tional CABG with CPB, in order to reduce 
the incidence  of adverse events in patients 
with significant stenosis of the carotid arter-
ies, which, as is already well-known, have an 
increased incidence of ICV. However, still 
today in the technical performance of com-
plex cardiosurgical surgery primacy is given 
to the use of CPB and data from 2006 show 
that in the USA only 20%  operations were 
performed on a „beating heart“.

With the increasing ease in the technical 
performance of surgery, a complete planned 
revascularization and the quality of bypass 
grafts performed, the conditions have been 
created for a comparative analysis of the 
results obtained with these two operating 
methods, primarily in high-risk patients 
who, theoretically, should benefit the most 
from surgery without CPB.

According to the results shown by Lanc-
ey and associates (19) in a sample of 76 pa-
tients, matched  in terms of preoperative 
status and with the same surgeon, the choice 
of surgical technique itself determines the 
postoperative recovery, primarily in the 
prolongation of the total duration of me-
chanical ventilation. This fact is even more 
significant when the conclusions are added 
of the study conducted by Natarajan and as-
sociates (20) on a group of 470 patients who 
underwent surgery on CPB, according to 
which there was a significant difference in 
the duration of mechanical ventilation be-
tween patients with shorter or longer use or 
duration of CPB itself.  Our results indicate 
similar conclusions. Namely, this study, too, 
shows a signifficant difference in the time 
spent on a respirator, that is the time spent 
on mechanical ventilation was shorter in pa-
tients who underwent surgery without CPB. 
On the other hand, the undoubted influence 
of CPB was shown in the study by Rosenfeld 
and associates (21). In 9869 patients divided 
into two groups, in terms of the length of 
stay in the ICU, a direct connection with the 
length of stay on CPB was shown. Patients 
with a prolonged stay in ICU also experi-
enced 11 additional complications during 
that stay. The results of our study show that 
the time spent in ICU is significantly shorter 
in patients who did not have CPB.

The results of our study also correspond 
with the majority of studies pointing to the 
advantage of surgery without CPB related to 
hospitalization duration. Namely, this study 
too indicates a significant difference in hos-

Acta Medica Academica 2017;46:1-6



5

pitalization duration in favour of patients 
who did not have CPB.

Our study also indicates a significantly 
lower amount of postoperative bleeding in 
patients who did not have CPB. The amount 
of postoperatively compensated blood was 
significantly lower in patients without CPB. 
A clear conclusion may be drawn that the off-
pump method is the best choice in patients 
with a higher risk of operative and postopera-
tive bleeding and an increased tendency for 
bleeding. Particularly significant is the group of 
patients, like the one included in this study, in 
which it was necessary to perform two surger-
ies, either simultaneously or with a time inter-
val. Analysis of the overall incidence of postop-
erative complications in both groups indicates 
there were fewer in the off-pump group, but 
without statistical significance. In both groups 
the most frequent perioperative complica-
tion was rhythm disorder in terms of the type 
of atrial fibrillation, then prolonged bleeding 
requiring reoperation, solely in the on-pump 
group, myocardial  infarction, and wound in-
fection, noticed exclusively in the on-pump 
group. Analysis of the frequency of deaths in 
both groups leads to similar conclusions. The 
mortality was insignificantly lower in the off-
pump group. Following the indicated differenc-
es between the groups it was obvious that the 
incidence of events was lower in the group of 
patients operated without CPB. In addition we 
noticed a decreased number of neurological 
complications in patients operated without 
CPB. The greatest difference was noticed in 
the incidence of ICV, which was also lower 
in patients operated without CPB.

In our study there were no registered 
cases of ICV in the group of patients oper-
ated without CPB, while in the other group, 
4 cases of ICV were registered. The overall 
incidence of cerebrovascular neurological 
complications wasnot statistically signifi-
cant. The reason why it is not statistically 
significant should be primarily sought in the 
small sample size.

Limitation of the study

This study was performed with a limited 
number of patients. Patients’ comorbidi-
ties, such as obesity, previous insults, arte-
rial wall thickness and many others, could 
possibly have influenced the results. No 
scale was used for detailed quantification of 
cerebrovascular neurological complications. 
Considering the cerebrovascular neurologi-
cal complications, it is also important to no-
tice the small sample size regarding signifi-
cant differences.

Conclusions

According to the results of this study we can 
say that CABG without CPB has certain ad-
vantages over surgery using it, in patients 
with diseases of the coronary and carotid ves-
sels. This is shown by the shorter operation 
time and the time spent on a respirator, the 
shorter stay in the ICU, as well as the short-
er overall hospitalization time, the smaller 
amount of postoperative bleeding and blood 
compensation. The off-pump cardiac surgi-
cal method of treatment of angiopatic dis-
eases of coronary and carotid blood vessels 
proved to be probably the better treatment 
method. The same method undoubtedly 
resulted in a statistically significant shorter 
stay on the mechanical ventilation regime 
in patients operated without CPB, a shorter 
stay in ICU, as well as in overall hospitaliza-
tion duration and in the amount of bleeding 
and compensation of blood and blood de-
rivatives.  It turned out that other basic peri-
operative results were better in the patients 
operated without CPB, although without a 
statistically significant value. Also, the pre-
sumption that the frequency of neurological 
complications would be lower in patients 
operated without CPB proved true, even this 
is probably not statistically valid because of 
the sample size.

Edin Kabil et al.: Surgery in stenosis of the left coronary artery and carotid stenosis
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What is already known on this topic
Patients with a significant coronary disease requiring CABG, 
with a significant simultaneous stenosis of the carotid arter-
ies, are a major therapeutic challenge, mainly because of the 
incidence of stroke or cerebrovascular insult as one of the most 
serious cardac surgical complications. It is well known strategy 
to perform surgery „carotid before coronary“  usually in two 
phases, or as a simultaneous operation, however, in patients 
with significant stenosis of the main tree of the left coronary 
artery (left main stenosis – LMS) priority is given to CABG.

What this study adds
This study clarifies the perioperative complications of the 
CABG procedure with and without cardiopulmonary bypass. 
The results indicate significant differences between the groups 
in the time spent on a respirator or time in the ICU, and the 
amount of postoperative bleeding or compensated blood. The 
overall incidence of neurological complications showed a dif-
ference between the observed groups. CABG without CPB has 
a number of advantages over the other method.

Conflict of interest: The authors declare that they 
have no conflict of interest. 
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Introduction

Neonatal infections currently cause about 
1.6 million deaths per year in developing 
countries. Sepsis and meningitis are respon-
sible for most of these deaths (1). Late-on-
set sepsis (LOS) is a challenging compli-
cation that affects other morbidities, length 
of hospitalization, cost of care, and mortal-
ity rates (2). Improvements in outcome and 
successful treatment depend largely on early 
initiation of appropriate antibiotic therapy. 

The aetiology of neonatal sepsis in devel-
oping countries differs from that in devel-
oped countries in the pattern of etiological 
bacteria and their antibiotic susceptibility 
(3). In developed countries Group B Strep-
tococcus, (GBS) is a common aetiological 
agent, but the burden in the developing 
world is less clear (4). Ampicillin and gen-
tamicin are used as the first-line empirical 
treatment and the decision is traditionally 
based on the pathogenic flora commonly 
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Objective. The aim of the study was to evaluate the incidence, mortal-
ity, risk factors, aetiology and the susceptibility to antibiotics of the 
bacteria responsible for sepsis. Material and methods. A single cen-
tre, prospective, observational study, involving 200 neonates admitted 
over 12 months to the NICU of the University Children’s Hospital, Tu-
zla, Bosnia and Herzegovina. Results. The crude incidence of all neo-
natal sepsis was 68.0% (136/200) and that of late-onset sepsis (LOS) 
was 48.5% (97/200), yelding an incidence density of LOS of 41.6/1000 
patient days. LOS represented the most frequent infection and was sig-
nificantly more frequent than early-onset sepsis (EOS) (71.3% versus 
28.7% p<0.001). The overall mortality was 14.0%, and 18.4% among 
infected neonates. Risk factors associated with LOS were: mechanical 
ventilation,  intravascular catheter, surgical procedures, birth weight 
≤1500 g, gestational age ≤ 28 weeks and Apgar score ≤ 3 at 5 min-
utes. Culture proven sepsis developed in 43.4% of neonates. Klebsiella 
pneumoniae and Enterococcus faecalis were the predominant bacteria. 
Gram-negative bacteria were susceptible to amikacin, imipenem and 
meropenem; gram-positive bacteria to vancomycin and amikacin. 
Conclusion. Neonatal sepsis in our NICU showed a high incidence 
rate, and gram-negative bacteria were predominant. Low gestational 
age, mechanical ventilation and an intra-vascular catheter were sig-
nificantly associated with sepsis. It is necessary to develop a multidis-
ciplinary approach for routine surveillance of nosocomial infections, 
to improve the asepsis of therapeutic procedures, and to implement 
the more appropriate use of antibiotics.

Original article
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responsible in each neonatal unit. Anti-
microbial susceptibility may vary between 
units and there is an increasing resistance 
rate of gram-negative bacteria to ampicillin, 
gentamicin and cefotaxime worldwide (5). 
Suspected bacterial infection is the main 
cause of neonatal admissions to hospitals in 
developing countries. Hospital-based stud-
ies suggest that most infections beyond the 
age of 72 hours are due to gram-negative 
pathogens, and the majority are likely to be 
environmentally rather than maternally-
acquired. Moreover, there is a significant 
similarity between the causative organisms 
for early and late-onset sepsis in developing 
countries. The key pathogens are: Klebsiella 
species, Escherichia coli, Staphylococcus au-
reus and Streptococcus pyogenes (6).

Since in the literature there are no epi-
demiological data on neonatal sepsis and on 
the antibiotic susceptibility of the responsi-
ble bacteria in Bosnia and Herzegovina, this 
study was undertaken to describe the situ-
ation in a tertiary care hospital, providing 
neonatal intensive care services.

Methods

Clinical setting

The University Clinical Centre is a teaching 
hospital with 1373 beds, serving a popula-
tion of 510,353. It is the referral centre for 
all inborn neonates (about 4500 deliveries 
annually) and for those born in the nearby 
hospitals, serving also for paediatric surgery 
when indicated. The NICU of the Depart-
ment of Paediatrics provides intensive care 
for up to 18 patients. It has an area of 293 m2, 
has one common and two single isolation 
rooms. Visitation of mothers and visitors 
is limited to once per day. There is a hand - 
washing station adjacent to the NICU, where 
all visitors are required to wash their hands. 
For all newborns, prophylactic antibiotics 
are routinely used (ampicillin and gentami-

cin) before entering the NICU or surgery, 
regardless of the presence of risk factors for 
infections, although it is questionable.

Study design and data collection 

This single centre, observational study was 
carried out from July 1, 2012 to June 30, 
2013 and included a total of 200 critically 
ill hospital-born neonates, admitted to the 
Neonatal Intensive Care Unit (NICU) at 
the Children’s Hospital in Tuzla, Bosnia and 
Herzegovina. This study had a prospective 
design. The study was approved by the Ethi-
cal Committee of the University Clinical 
Centre, Tuzla. For each enrolled neonate the 
demographic variables collected included: 
sex, birth weight (BW) and gestational age 
(GA). Intrauterine growth restriction was 
defined as birth weight for GA (BW less 
than 10th percentile for GA). Other demo-
graphic data included the clinical condition 
of the neonates at the time of admission to 
the unit [the presence of major congenital 
malformations (7)], 5-minute Apgar score, 
age at admission, rectal temperature on en-
try; need for intubation, mechanical ven-
tilation or exogenous surfactant, venous 
catheterization, lipid-containing parenteral 
nutrition, peripheral venous lines, continu-
ous enteral feeding by tube, need for blad-
der catheterization for surgery; maternal 
risk factors were: fever, prolonged rupture 
of membrane, meconium stained-amniotic 
fluid, clinical signs, laboratory tests and ob-
stetric procedures.

Definitions of sepsis

Sepsis was defined as confirmed or clini-
cally suspected. Confirmed sepsis was de-
fined as the presence of at least two clinical 
signs and/or two laboratory findings with a 
positive blood culture. Sepsis was defined as 
suspected (or clinical sepsis) when the same 
clinical or laboratory signs were present 
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with a negative blood culture. Clinical signs 
of sepsis included: fever (rectal temperature 
>38°C), tachycardia (heart rate >180 beats 
per minute) or bradycardia (heart rate <100 
beats per minute), apnoea lasting >20 sec-
onds, lethargy, feeding problems, gastric 
billiary stasis, hemodynamic abnormalities, 
convulsions, and hypotonia. Laboratory 
signs: leucopoenia (white blood cell count 
<5.000 mm3) or leucocytosis (white blood 
cell count >20.000 mm3), low platelet count 
(platelets <100.000 mm3), blood C-reactive 
protein level >1.5 mg/dL, fibrinogen >150 
mg/dL, white blood cell immature/total 
ratio ≥0.2, metabolic acidosis (base excess 
≥7 mmol/L). Sepsis acquired in the hospi-
tal that became symptomatic after hospital 
discharge or after the first 72 hours of life 
is defined as late-onset sepsis (LOS) (8).  
Early-onset sepsis (EOS) presented within 
72 hours of life with clinical and laboratory 
symptoms, in the presence or absence of 
maternal risk factors. 

Microbiological analysis

Blood culture was obtained for each neo-
nate with signs of sepsis, by the method 
described by Buttery (9). The blood speci-
men was further inoculated into a BACTEC 
Peds plus/F culture vial (BACTEC, Becton 
Dickinson, USA) and the inoculated cul-
tures were incubated as soon as possible in 
the BACTEC 9120 instrument for up to five 
days as recommended by Becton Dickinson 
Microbiological Systems (10). Sensitivity of 
isolated bacteria to various antibiotics was 
assessed by the modified Kirby and Bauer 
method on Mueller-Hilton agar, according 
to the Clinical and Laboratory Standard In-
stitute guidelines, using an automated Vitek 
2 Compact system (11). 

Statistical analysis

Continuous variables were described with 
mean ± standard deviation or as medians 

and interquartile ranges - IQR. Inferences 
about categorical data were analyzed using 
the chi-square or Fisher exact test, as ap-
propriate. The main outcome measure of the 
analysis was LOS onset (suspected or con-
firmed) during hospitalization in the NICU, 
in relation to the other variables recorded. 
Rates of infection were calculated dividing 
the number of infections occurring during 
time of exposure by the total of exposure 
time. For each specific procedure the time of 
exposure was the time of administration of 
the procedure. The incidence density (ID) of 
infection was the ratio between the number 
of episodes of infection divided by the total 
sum of days at risk during the hospital stay 
(PD: person-days at risk), and the relative 
risk of infection associated with each vari-
able was the ratio between the incidence rate 
in the risk-based group and the incidence 
rate in the reference group. Analyses were 
performed by IBM SPSS Statistics 22 and 
MedCalc statistical software for Windows 
Version 13 – 14.10.2; p values were consid-
ered statistically significant at a value of 0.05.

Results  

Two hundred infants were admitted to the 
NICU.  Mean BW was 2915 ± 968.74 g; of 
these 200 infants, 31 were very low birth 
weight (VLBW). The numbers of infants in 
each gestational age and birth weight cat-
egory are shown in Table 1.

Among the 200 neonates observed in the 
NICU, 136 had at least one episode of neo-
natal sepsis. The organisms responsible for 
early and late onset sepsis and their antibi-
otic sensitivity patterns are shown in Tables 
2 and 3. 

The incidence of early-onset neonatal 
sepsis was 28.7% (39/200) and the incidence 
of LOS was 71.3% (97/200). There were 110 
episodes of LOS, yielding an incidence den-
sity of 41.6 per 1000 patient days (110/2646). 
Seven of 200 neonates (3.5%) had two epi-

Izeta Softić et al.: Epidemiology of neonatal bacterial sepsis
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Table 1 Demographic characteristics of newborns

Demographic characteristic

Newborn (n=200)

<1500 g (n=31) >1501 g (n=169)

Range Mean±SD Range Mean±SD

Gestational age (Weeks) 25-36 29.71± 3.24 30-42 36.74±2.75

Birth weight (g) 580-1500 1181.32±292.09 1550-4600 2877.72±773.04

Table 2 Distribution of bacteria associated with 
sepsis

Pathogens n (%)

Gram-positive bacteria

Enterococcus faecalis               10 (16.9)

Staphylococcus epidermidis      7 (11.9)

Staphylococcus species              5  (8.5)

Streptococcus -group B              3  (5.1)

Listeria monocitogenes              2  (3.4)

Gram-negative bacteria

Klebsiella pneumoniae           10 (16.9)

Pseudomonas aeruginosa         7 (11.9)

Escherichia coli                        7 (11.9)

Acinetobacter baumanni                     6 (10.2)

Enterobacter cloacae    2 (3.4)

Total 59 (100.0)

sodes of sepsis and 6/200 (3.0%) had three 
episodes, yielding a total number of episodes 
of infections of 149/200 newborns. In VLBW 
neonates LOS was observed in 25/31 neo-
nates, with a crude incidence of infection of 
80.6% and incidence density of 52.7 (31/588), 
versus an incidence density of LOS in heavier 
neonates (>1500 grams) of 38.4 (79/2058) 
(p<0.25; RR 1.37; 95% CI 0.91-2.06).

The total number of hospital days spent 
in the NICU was 2646, while this number for 
the group of 136 infected babies was 2112. 

The mean length of hospital stay was 13.23 
± 9.33 days for all 200 newborns. It was sig-
nificantly higher in the 97 infants with LOS, 
than in the 64 infants that never developed 
sepsis, as expected (p<0.0001, mean 18.97 ± 
15.49 days; median 17, IQR 5 - 27.5 days).  

Mortality associated with sepsis (EOS 
and LOS)  was 12.5% (25/200), account-
ing for 89.3% of overall neonatal mortality 
(25/28), p<0.001. The risk of death was sig-
nificantly higher among infected neonates 
compared to the uninfected. Twenty-five of 
136 infected neonates died, yielding a crude 
mortality rate of 18.3% versus 4.6% among 
uninfected neonates, (p<0.02, RR 3.92, 95% 
CI 2.89-10.28) and also compared to the 
mortality observed in the entire group of 
neonates enrolled (p<0.03; RR 1.31; 95% 
CI 0.80-2.15). The risk of death was signifi-
cantly higher in the VLBW infected infants 
compared to the others (48% versus 12.2%, 
RR: 3.40; 95% CI 1.71-6.64; p<0.004).

The incidence density of sepsis in NICU 
by selected clinical characteristics and inva-
sive procedures is shown in Table 4. VLBW, 
extreme prematurity (<28 gestational age), 
5-minute Apgar score ≤3, assisted ventila-
tion, the presence of a central venous cath-
eter and surgical intervention were all sig-
nificantly associated with a higher incidence 
of LOS sepsis 
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Table 3 Antibiotic susceptibility for of Gram-negative and Gram-positive bacteria isolated from blood cultures 

Antibiotics

Gram-negative bacteria (n=32)

Klebsiella pneumoniae 
(n=10)

Escherichia coli 
(n=7)

Enterobacter
cloace (n=2)

Pseudomonas 
aeruginosa (n=7)

Acinetobacter
baumanni (n=6)

 n (%) n (%) n (%) n (%) n (%)

Ampicillin R R R R R

AMC 1 (10) R R R R 

Ceftriaxone 4 (40) 6 (85.7) 1 (50) 5 (71.4) R 

Cefotaxime 4 (40) 3 (42.8) 1(50) 4 (57.1) R

Ceftazidime 4 (40) 6 (85.7) 1(50) 5 (71.4) R

Cefepime 4 (40) 7 (100) 1 (50) 5 (71.4) R

Imipenem 10 (100) 6 (85.7) 2 (100) 6 (85.7) R

Meropenem 10 (100) 27 (100) 2 (100) 6 (85.7) R

Amikacin 10 (100) 4 (57.1) 1(50.0) 7 (100) R

Gentamicin 2 (20) 3 (42.8) 1 (50.0) 7 (100) R

Tobramycin 10 (100) 7 (100) 2 (100) 7 (100) 6 (100)

Ciprofloxacin 1 (10) 4 (57.1) 1 (50.0) 5 (71.4) -

Tigecycline 10 (100) NT 1 (50.0) 7 (100) 6 (100)

TMP/SMX 5 (50) R 1 (50.0) R R

Antibiotics

Gram-positive bacteria (n=27)

Staphylococcus
epidermidis
(n=7)

Enterococcus
faecalis
(n=10)

Streptococcus
Spp.
(n=5)

Streptococcus
agalactiae
(n=3)

Listeria
monocitogenes
(n=2)

n (%) n (%) n (%) n (%) n (%)

Ampicillin NT 2 (20) 1 (20) 3 (100) 2 (100)

Penicillin R R 2 (40) 1 (33.3) 2 (100)

Oxacillin R NT R NT NT

Ciprofloxacin 3 (42.8) NT NT NT NT

Gentamicin 2 (28.5) 3 (30)* 5 (100) 3 (100) 2 (100)

Amikacin 7 (100) 10 (100) 5 (100) NT NT

TMP/SMX 2 (28.5) NT 1 (20) 1 (33.3) 2 (100)

Clindamycin 6 (85.7) 1 (10) 1 (20) 3 (100) NT

Rifampin 6 (85.7) NT 5 (100) 3 (100) NT

Vancomycin 7 (100) 10 (100) 5 (100) 3 (100) NT

NT=not tested for susceptibility; R=Resistance; AMC=Amoxicillin/Clavulanic Acid; TMP/SMX=Trimethoprim/Sulfamethoxazole; *Gentamicin 
disk 120 mg.
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Discussion

To our knowledge, this is the first prospec-
tive observational study that describes the 
rate, aetiology and some of the risk factors 
of neonatal sepsis in an NICU in Bosnia and 
Herzegovina. The sudy by Hadzimuratovic 
et al. was limited to premature infants  with 
congenital heart disease, and found a higher 

risk of acquiring sepsis during hospitaliza-
tion in an NICU (12). 

 The high incidence and overall mortality 
rate from sepsis, especially among VLBW 
infants, and  the high incidence density of 
LOS  are in line with investigations from de-
veloping countries (13-15). The most com-
mon causes of death in the neonatal period 
in developing countries are infections (1). 

Table 4: Incidence density of sepsis in NICU by selected clinical characteristics and invasive procedures

Characteristics No. of patients ID† RR‡ 95% CI

Birth weight (g)

≤ 1500 31 52.7 1.37
0.91-2.06

>1500 169 38.4 1

Gestational age§

< 28 8 85.1 2.29 0.81-5.81

28-31 25 39.0 1 0.59-1.70

> 31-36 84 43.5 1.12
0.73-1.68

≥ 37 83 39.1 1

Gender

Male 115 41.8 1.02
0.70-1.47

Female 85 41.2 1

MCM║

Present 14 48.2 1.18
0.64-2.16

Absent 186 40.9 1

Apgar score¶

≤ 3 7 98.0 2.45 1.04-5.76

4 - 6 17 44.4 1.11
0.60-2.04

7 -10 176 40.1 1

Assisted ventilation††

With 67 196.4 4.36
3.05-6.23

None 133 45.0 1

CVC‡‡

With 84 95.9 3.44
2.39-4.93

None 116 27.9 1

Surgical intervention

With 9 80.3 2.03
1.12-3.70

None 191 39.5 1

Total 200 41.6 - -

†Incidence density (the ratio between the number of episodes of infection divided by the sum of days at risk during the hospital stay); ‡Rela-
tive risk (ID1/ID0); §Weeks; ║Major congenital malformations; ¶At 5 minutes; ††Continuous Positive Airway Pressure-Orotracheal tube; ‡‡Central 
venous catheter.
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Timely microbiological surveillance and 
assessment of antimicrobial resistance is 
a key component in decreasing the rate of 
neonatal sepsis and the associated mortality. 
There are a number of important gaps in our 
knowledge and a lack of studies looking at 
simple and sustainable interventions to re-
duce the burden of neonatal sepsis. The lack 
of culture driven antimicrobial therapy and 
limited consistent infection control prac-
tices are likely responsible for the high inci-
dence rates of neonatal sepsis and mortality. 

There are no comprehensive studies 
available in developing counties, because 
no National Nosocomial Infection Surveil-
lance Systems (NNISS), which develop sur-
veillance and preventive strategies to break 
down nosocomial infections, have been 
implemented.  To implement such NNISS 
could be critical in abating this clinical and 
public health problem. 

There is a general lack of precision in 
defining sepsis in developing countries.  
Micribiological results   in many develop-
ing countries  may require several days to 
become positive. Moreover, in neonates the 
incidence of positive blood cultures in the 
course of sepsis  often does not reach 50% 
of samples (16). In our unit, rates of resis-
tance for gram-negative and gram-positive 
bacteria were high, leading to a great deal 
of concern with respect to infection control 
and antibiotic prescribing practices. Gram-
negative bacterias were more frequently 
isolated, which is a common finding from 
countries with low resources, overcrowd-
ing and poor staffing patterns in hospitals 
(17, 18). They were even highly resistant to 
ampicillin and gentamicin.  In our unit there 
has been a questionable routine practice to 
start antibiotics for all new-borns regard-
less of clinical signs. Cephalosporins and an 
aminoglicoside (amikacin) have been the 
first line therapy because of the high resis-

tance to recommended empirical therapy 
with ampicillin and gentamycin. A prepon-
derance of enterobacteria has been noted in 
other similar clinical settings (19, 20). This 
problem might be prevented through limi-
tation of the use of the latest generation of 
cephalosporin, and specific prevention mea-
sures, such as hand washing. The current 
standard practice of unselective use of anti-
biotic therapy for every new-born entering 
the NICU is one that needs revision.

Low birth weight and prematurity in-
crease the risk of neonatal sepsis, but in 
our study it did not reach statistical signifi-
cance. In other studies, 20% of VLBW pre-
term infants experienced a serious systemic 
infection. Furthermore, the mortality rate 
was as much as threefold higher than their 
counterparts without sepsis during their 
hospitalization (21). In this study, the over-
all mortality rate associated with sepsis was 
high for the entire group of infected babies. 
In the group of VLBW the incidence was 
twofold higher. However, there were only 31 
VLBW neonates in our population. 

Among the biological characteristics, 
extreme prematurity (<28 gestational age), 
and 5-minute Apgar score ≤3 were risk fac-
tors for LOS among our patients, confirming 
the data from major literature on this topic 
(22). Among the therapeutic procedures as-
sociated with LOS, assisted ventilation, the 
presence of a central venous catheter and 
surgical intervention markedly increased 
the risk of infection.  Moreover, invasive 
procedures in association with prematurity 
are risk factors for acquiring sepsis, especial-
ly in settings with a high intensity of colo-
nization pressure, which is characteristic for 
developing countries (23, 24). The current 
standard practice of unselective use of anti-
biotic therapy for every new-born entering 
the NICU may be a limitation and it needs 
to be modified. 
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Conclusion

A high incidence and mortality rate from 
sepsis especially in VLBW infants, a high 
incidence density of LOS, a low rate of posi-
tive blood culture and a higher frequency of 
isolated, very resistant gram-negative bacte-
ria are presented in this study. The paucity 
of data in the medical literature on neonatal 
sepsis in Bosnia and Herzegovina is a mat-
ter of concern for all those who work with 
neonates, especially in NICUs. Another as-
pect that must be addressed is the rational 
use of antibiotics. Specific guidelines for 
prescribing antibiotic therapy and applying 
invasive procedures for neonates in NICUs 
are important means to limit the develop-
ment of resistant pathogens.  Understanding 
the aetiology and epidemiology of neonatal 
sepsis and their changes over time is a key 
component in the reduction of sepsis and 
mortality of neonates in Bosnia and Herze-
govina. Only a multidisciplinary approach, 
with contributions from neonatologists, in-
fection control practitioners and microbiol-
ogists, will reduce the incidence of neonatal 
sepsis.  Limited-resource countries need to 
reach the quality of health care and patient 
safety that we find in developed countries.

What is already known on this topic
Neonatal bacterial sepsis continues to be major cause of mor-
bidity and mortality in the developing world. Differences in 
epidemiology between developed and developing countries 
have been identified.

What this study adds
Our results from an observational study suggest the nosoco-
mial origin of neonatal bacterial sepsis caused by predominant 
gram-negative bacteria. Early and focused treatment with op-
timal antibiotic therapy is essential for better management of 
neonatal bacterial sepsis in our hospital.
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Introduction

Cannabis is the most commonly used illicit 
narcotic substance in the world (1-4). It is a 
generic term used to denote several psycho-
active substances generated from the plant 

Cannabis sativa (5). In accordance with the 
Single Convention on Narcotic Drugs, 1961, 
cannabis is defined as “the flowering or fruit-
ing tops of the cannabis plant from which 
the resin has not been extracted, by what-
ever name they may be designated” (6). It is 
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Objective. The aim was to determine the prevalence of marijuana 
smoking among school-aged adolescents in the Brčko District of 
Bosnia and Herzegovina, with particular regard to their gender, age 
and residence, and the frequency of marijuana smoking in the past 
thirty days in relation to their peers in the rest of Bosnia and Herze-
govina, the Republic of Croatia and the Republic of Serbia. Subjects 
and methods. This research, designed as a cross-sectional study and 
based on the ESPAD (European School Survey Project on Alcohol and 
Other Drugs) questionnaire, adjusted to this research, encompassed 
4,188 adolescents from elementary and secondary schools. The data 
were collected by means of questionnaires tailored to each respon-
dent. Results. A significantly lower number of adolescents smoke 
marijuana in comparison to those who do not smoke, but male ado-
lescents smoke more often than female adolescents (p<0.001), as well 
as urban youth in comparison to rural youth (p=0.04). Every fourth 
adolescent, regardless of gender, who smoked marijuana, used it be-
fore the age of thirteen (p<0.001), male adolescents more often than 
females (p=0.002). In the previous thirty days a higher percentage of 
all the respondents from the Brčko District had smoked marijuana 
than those from the Republika Srpska and the RS (p<0.001), and there 
is no difference between them and their peers from the Federation of 
Bosnia and Herzegovina and the RC (p=0.382 and p=0.608). Conclu-
sion. Smoking marijuana in the Brčko District is a major public health 
problem. Male adolescents smoke marijuana more often than female 
adolescents, and urban youth more in comparison to rural youth. In 
the previous thirty days adolescents from the Brčko District smoked 
more often than their peers from the Republic of Serbia and the Re-
publika Srpska, and with the same intensity but less frequently com-
pared to adolescents from the Republic of Croatia and the Federation 
of Bosnia and Herzegovina. 
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the dry, greenish-gray mixture of leaves and 
flowers of cannabis that exists in three main 
forms: herbal cannabis or marijuana that 
originates from the dried leaves and flower-
ing tops; cannabis resin - made by compres-
sion of the plant and it is known as hashish, 
and cannabis oil, mixtures that are the re-
sult of distillation or extraction of the active 
plant ingredients (5, 7). 

Marijuana can be used in different ways 
such as hand-rolled cigarettes called joints, 
or many use pipes or marijuana cigars (7, 
8). The main psychoactive chemical in mari-
juana, responsible for most of the psychoac-
tive effects, is delta-9-tetrahydrocannabinol 
(THC) (9, 10). Besides THC, the plant also 
contains more than 400 other chemicals and 
more than 60 metabolic compounds chemi-
cally related to THC, with no psychoactive 
effects, called cannabinoids (10). 

Smoking marijuana usually starts dur-
ing adolescence. The beginning of adoles-
cence is linked with the physiological onset 
of puberty, and ends when the adolescent 
assumes the identity and behavior of an 
adult (11). The World Health Organization 
(WHO) identifies adolescence as the period 
that occurs from ages 10 to19 years, and it is 
roughly divided into three stages: early ado-
lescence, middle adolescence and late ado-
lescence (12). This period is characterized 
by significant physical, emotional and intel-
lectual changes, with changes in social roles, 
relationships and expectations (13).

Earlier studies showed that marijuana 
use among a general population of adoles-
cents was a relatively common occurrence 
(14), and that marijuana use almost always 
precedes use of other illicit substances, such 
as cocaine, methamphetamine, hallucino-
gens, heroin and morphine (15). Adoles-
cents who smoke marijuana suffer adverse 
health effects with psychosocial and physical 
consequences, such as poor family relation-
ships, financial problems, education inter-
ruption, delinquent behavior, promiscuity, 

unplanned pregnancy, sexually transmitted 
diseases, poor sleep quality, memory loss and 
attention deficits (16). Marijuana addiction 
is similar to the addiction caused by other 
narcotics, and occurs in 14-17% of adoles-
cents who consume it (2, 8). The influence 
of peers who use marijuana has been iden-
tified as one of the important risk factors 
associated with the onset of cannabis use 
(17). Several studies have shown that ado-
lescents who use drugs often socialize with 
friends who also use drugs, and adolescents 
who do not take drugs are significantly less 
likely to have friends who use drugs (18-20). 
If they socialize with friends who use drugs 
and have a dominant role in society, then 
this could trigger their more frequent use of 
drugs (17-20). Perceptions about marijuana 
use show that it is more frequently smoked 
by males, who consume it longer and with 
more intensity, while females are less likely 
to use marijuana, and the consequences of 
its use are harmful for females health (21). 
Nowadays, marijuana can be found every-
where from cities to rural neighborhoods. 
The studies so far have generally confirmed 
equal access regardless of the place of resi-
dence (22, 23). According to WHO, about 
147 million people or 2.5% of the world 
population consume marijuana, and the 
prevalence of cannabis use is growing much 
more quickly compared to other drugs (24).

In many countries the use of marijuana is 
continuously rising, and it is most common-
ly used in Western and Central Africa, West-
ern and Central Europe as well as in North 
America. Europe is still one of the largest 
markets of marijuana, although the inten-
sity of use varies from country to country. 
It is most frequently used in Western and 
Central Europe (25). The frequency of mari-
juana use is determined by public opinion, 
which is divided over the control and use 
of marijuana, and there are more and more 
people lobbying for liberalized marijuana 
access. Many countries have created a legal 

Anto Domić et al.: Marijuana smoking among school adolescents in the Brčko District
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basis for decriminalization of marijuana and 
its use for medical purposes, which affects 
the frequency of consumption (10, 26).

According to the European School Sur-
vey Project on Alcohol and Other Drugs 
(ESPAD) 2011 (25), 16% of adolescents in 
the Member States reported having used 
marijuana at least once in their life, while 
in the United States (USA) around 35% of 
them had done so (19, 25, 27, 30). In the 
Republic of Croatia (RC) 18% of respon-
dents reported having used marijuana at 
least once in their life, while in the Republic 
of Serbia (RS) only 7% of respondents had 
done so. The studies researching the use of 
marijuana monitor use of marijuana in the 
previous 30 days, and the ESPAD research 
demonstrated that 7% of adolescents in the 
participating countries had used marijuana 
in the previous 30 days, while in the USA 
18% of respondents had consumed cannabis 
in the previous 30 days; in RC 7% of respon-
dents and 3% of the respondents in the RS 
had done so (25).

In Bosnia and Herzegovina (BH) there 
are no aggregate data for the entire country, 
but there are data for the Republika Srpska, 
where 4% of the respondents had consumed 
marijuana at least once in their lives, while 
in the Federation of BH 8% of the respon-
dents had consumed marijuana at least once 
in their lifetime. One percentage of the re-
spondents from the Republika Srpska and 
3% of the respondents from the Federation 
of BH had consumed cannabis in the previ-
ous 30 days (25). However, this research did 
not include the Brčko District, a local unit 
of self-governance with special status, under 
the sovereignty of BH, located in the North-
eastern part of BH, at the intersection of do-
mestic and international routes linking East 
and West, and North and South.

The aim of this research was to deter-
mine the frequency of marijuana smoking 
among adolescents in Brčko District public 
schools, with particular regard to their gen-

der, age and residence, as well as in relation 
to the rest of BH, RS and RC.

Subjects and methods

Area of research

The Brčko District (Figure 1) covers an area 
of 493.3 square kilometers. In 2011 it had 
75,625 inhabitants with an average popula-
tion density of 153 inhabitants per square 
kilometer, which represented a higher pop-
ulation density than some other areas in its 
vicinity. Of the total population, 24.2% were 
children and adolescents. In 2011, a total of 
905 children were born in the area of the 
Brčko District, so the birth rate was 11.9‰, 
while the rate of natural increase was nega-
tive and amounted to 0.6‰ (27).

Figure 1 The area of the Brčko District of Bosnia and 
Herzegovina is colored green, the area of Republika 
Srpska is colored orange, and the Federation of Bos-
nia and Herzegovina is colored yellow (28).

Subjects

According to the plan, all ninth grade ele-
mentary school pupils were to be included 
in the research, plus all secondary school 
students in the Brčko District, which is 4,676 
students in total. Of that number, 1,016 
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were ninth grade pupils from 12 elementary 
schools with subsidiary schools, and 3,660 
students were from four high schools. The 
research encompassed 4,188 or 89.6% of all 
the students with average 15.6 years.

Methods

The research was designed as a cross-sec-
tional study and was conducted by means 
of an ESPAD questionnaire (25) adapted to 
this research and translated into the official 
languages of BH. The questionnaire was cre-
ated and published by a group of experts 
from the European Monitoring Centre for 
Drugs and Drug Addiction (EMCDDA) and 
the Pompidou Group, which was founded 
by the Council of Europe in order to en-
able comparison and analysis of the results 
of cigarette and narcotics consumption sur-
veys in different countries. The question-
naire contained 45 questions, divided into 
appropriate thematic units. The question-
naire prepared for this research was used to 
gather demographics for all adolescents. 

After prior approval had been granted by 
school principals, the research was conduct-
ed during the 2011-2012 school year, from 
20 October to 28 November 2011, in one 
school year. The students filled out the ques-
tionnaires by themselves, following an ex-
planation given by a person specially trained 
for completing the questionnaire. The per-
son supervising the test helped the students 
to fill out the questionnaire, explaining the 
questions, but did not influence the final 
answer. After completing the questionnaire, 
the students put them in envelopes, that 
were sealed and handed over to the person 
supervising the process. The adolescents’ 
responses to the following questions were 
used in this article: “Have you ever smoked 
marijuana? When was the first time you 
smoked marijuana? How many times have 
you smoked marijuana in the past 30 days?” 
and the frequency of smoking in relation to 

the Federation of BH, the RS, the RC and 
the RS was calculated. Smoking marijuana 
for the first time was analyzed in relation to 
the gender, age and place of residence (rural 
- urban) (29) of the adolescents.

Ethics statement

The respondents voluntarily agreed to fill 
out the questionnaires anonymously after 
being informed that the results would be 
used for scientific purposes. The question-
naire used in the study was taken from the 
scientific literature and was quoted in the 
references.

Statistical analysis

We presented the prevalence of individual 
responses to the questions asked in the ques-
tionnaire as absolute and relative numbers, 
and we displayed them in tables or graphs. 
Binomial or Pearson’s chi-square test were 
applied for analyses of the impact of the stu-
dents’ age, gender and place of residence on 
the prevalence of marijuana consumption, 
and to compare that prevalence in the Brčko 
District with the prevalence in other parts 
of BH and neighboring countries. Statistical 
significance was confirmed at p<0.05. We 
used the statistical analysis software pack-
age SPSS 20 (SPSS Inc., Chicago, Illinois, 
USA) for data processing.

Results

Among 4,188 respondents who accessed 
the research, 4,084 filled out the data about 
gender, of which 2,013 (49.3%) were boys 
and 2,071 (50.7%) girls. When asked about 
smoking marijuana 115 (2.8%) of respon-
dents did not answer and the frequency of 
marijuana smoking by gender was calcu-
lated from a sample of 3,969 respondents, 
of whom 1,950 (49.1%) were boys and 2,019 
(50.9%) were girls. The answer to the ques-
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tion about smoking marijuana as regards 
the place of residence was not provided by 
238 (5.7%) respondents, so the frequency 
of marijuana smoking among the students 
from rural and urban areas was calculated 
from a sample size of 3,950 respondents of 
which 54.9% (2,169) were from rural and 
45.1% (1,781) from urban areas. Table 1 
shows cannabis consumption among ado-
lescents in the Brčko District by gender and 
place of residence.

The results showed that a statistically 
significant lower number of respondents 
had smoked marijuana in relation to those 
who had never smoked it [578 (14.6%):3391 
(85.4%); chi-square test, p<0.001] and that 
male adolescents statistically significantly 

more often smoked marijuana in relation 
to female adolescents [373 (19.1%):205 
(10.2%); chi-square test, p<0.001]. When 
comparing the marijuana smoking results 
in relation to the place of residence, it was 
established that a significantly higher num-
ber of adolescents from the city had smoked 
marijuana in relation to those from villages 
[310 (17.4%):267 (12.3%); chi-square test, 
p=0.04]. The results of the first marijuana 
smoking according to the age of students 
living in the Brčko District, by gender and 
place of residence are displayed in Table 2.

The correlation between age, gender and 
place of residence of all the respondents 
who reported that they had smoked mari-
juana and the first time of smoking mari-

Table 1 Marijuana smoking among school-aged adolescents in the Brčko District, by gender and place of 
residence

Gender and place of residence  
Marijuana smoking among students of the Brčko District

No (n; %) Yes (n; %) Total (n; %)

Gender

Male 1577 (80.9) 373 (19.1) 1950 (100)

Female 1814 (89.8) 205 (10.2) 2019 (100)

Total 3391 (85.4) 578 (14.6) 3969 (100)

Place of residence

City 1471 (82.6) 310 (17.4) 1781 (100)

Village 1902 (87.7) 267 (12.3) 2169 (100)

Total 3373 (85.4) 577 (14.6) 3950 (100)

Table 2 The number of students in Brčko District according to age of first marijuana smoking by gender and 
place of residence

Gender and place of 
residence

Age of first marijuana smoking in years (n; %)

≤13  14 15 16 Total

Gender

Male 42 (23.5) 27 (15,1) 47 (26.2)  63 (35.2) 179 (67.8) 

Female 18 (21.2) 11 (12.9) 16 (18.8) 40 (47.1) 85 (32.2) 

Total 60 (22.7) 38 (14.4) 63 (23.9) 103 (39) 264 (100)

 Place of residence

City 29 (20.4) 25 (17.7) 31 (21.8) 57 (40.1) 142 (53.8)

Village  32 (26.2) 14 (11.5) 31 (25.4) 45 (36.9) 122 (46.2)

                Total 61 (23.1) 39 (14.8 ) 62 (23.5) 102 (38.6) 264 (100)
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juana was studied. The results we obtained 
showed that there was a difference between 
male and female adolescents when they 
first smoked cigarettes regarding their age 
[179 (67.8%): 85 (32.2%); Chi-square test, 
p <0.001]. Nearly a quarter of adolescents, 
regardless of gender, who reported that they 
had smoked marijuana, had done so before 
the age of thirteen [(60/264); chi-square test, 
p <0.001], while males smoked marijuana 
at that age more often compared to their 
female peers [42 (23.5%):18 (21.2%): chi-
square test, p=0.002]. Female adolescents 
more often began smoking marijuana at the 
age of 16 (47.1%) compared to male adoles-
cents (35.2%). When it comes to the place of 
residence, the results showed that more than 
half of the respondents who had smoked 
marijuana lived in the city [142 (53.8%):122 
(46.2%); Chi-square test, p<0.001]. Every 
fourth respondent who had tried marijuana 
before the age of thirteen lived in the rural 
area but every fifth respondent who lived in 
the city [(32:29); Chi-square test, p<0.001] 
had done so; the respondents from the city 
smoked marijuana more often only after the 
age of 14 (p <0.001).

Of all the 578 respondents who an-
swered “yes” to the question about smoking 

marijuana at all in their life, 41% of them 
(237:578) had smoked it 1-2 times. A mini-
mum number of adolescents (5.5%) had 
smoked it 20 to 39 times, and 17% of ado-
lescents more than 40 times.Respondents 
living in the villages had more often smoked 
1-9 times in their lifetime compared to those 
from the city, who had smoked it between 10 
and more than 40 times.

When asked about marijuana smoking 
in the previous 30 days, 6.6% (256/3878) 
adolescents from the Brčko District an-
swered “yes”. According to the ESPAD re-
search from 2011, 1% (31/3132) from the 
Republika Srpska, 6.1% (181/2966) from 
the Federation of BH, 7% (210/3002) from 
the RC and 3% (182/6084) from the RS gave 
the same answer. In the Brčko District, the 
respondents had used marijuana in a sig-
nificantly higher percentage in the previous 
30 days than the students from the Repub-
lika Srpska (p<0.001) and the RS (p<0.001). 
The differences between the Brčko District 
and the Federation of BH, and the RC were 
not statistically significant (p=0.382 and 
p=0.608).

Out of 256 respondents who had smoked 
in the previous 30 days, 115 respondents or 
44.9%, had smoked one to two joints, 51 or 

Figure 2 The number of marijuana cigarettes that respondents had smoked on average in the previous 30 days.
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19.9% of the respondents had smoked 3-5 
joints, 25 respondents or 9.8% 6-9 joints, 21 
adolescents or 8.2% 10-19 joints, 8 respon-
dents or 3.1% 20-39 times, and 36 or 14.1% 
of adolescents had smoked it more than 40 
times in the previous month (Figure 2).

Discussion

This research demonstrated that almost one 
in seven adolescents in the Brčko District 
(14.6%) had smoked at least one joint of 
marijuana in their lifetime, which confirms 
the high availability and usage of marijuana. 
Such a high percentage of respondents who 
had tried to smoke marijuana at least once 
in their life is distressing because these are 
young people in early adolescence, when 
marijuana smoking leads to addiction, caus-
ing long term health problems (30). Com-
paring the data about marijuana smoking 
from this research with the data about their 
peers in other parts of BH (Federation of 
BH and Republika Srpska), and in the RC 
and the RS, we found that adolescents from 
the Brčko District smoked marijuana less 
frequently than their peers in the RC, while 
in relation to their peers from the RS, the 
Federation of BH and the Republika Srpska 
they did so much more frequently (25, 31). 
In fact, in the Republika Srpska barely ev-
ery twenty-fifth (4%) adolescent had tried 
to smoke marijuana, while in the Federa-
tion of BH and the RS almost every twelfth 
(8%) adolescent had done so (25). Based on 
the research carried out by other authors, 
we learned that more than a third (35%) of 
adolescents in the USA had smoked mari-
juana at least once in their lives (19), while 
in Europe, on average, one in six (16%) ado-
lescents had tried it (25). It is evident that 
when it comes to the prevalence of mari-
juana smoking, adolescents from the Brčko 
District are more similar to their peers from 
Europe and the USA than to their peers 

from other parts of BH, RC and the RS (19, 
25, 26). It is therefore necessary to clarify 
the reasons why the behavior of adolescents 
from the Brčko District resembles more the 
behavior of their peers from distant coun-
tries than the behavior of their peers from 
the region with whom they have frequent 
contact, share the same geographical area 
and have similar habits.

When it comes to the relationship be-
tween marijuana smoking and gender, we 
have shown that nearly one in five male ado-
lescents and one in ten female adolescents 
have tried to use marijuana at least once in 
their life, which is in line with the results 
of global research showing that male ado-
lescents smoke marijuana much more fre-
quently than female adolescents (17, 25, 31). 
In the Federation of BH, 12% of male ado-
lescents and 4% of female adolescents had 
smoked marijuana, while in the Republika 
Srpska 6% of male and 3% of female adoles-
cents had done so. As for the RC and the RS, 
the neighboring countries, research shows 
that male adolescents try to smoke marijua-
na more often compared to female adoles-
cents. So, in the RC, 21% of male adolescents 
and 14% of female adolescents had smoked 
marijuana, while in the RS 9% of male and 
4% of female adolescents had smoked mari-
juana (19, 25). Research carried out in the 
USA showed that 38% of male adolescents 
and 31% of female adolescents had smoked 
marijuana at least once in their lifetime (19, 
25), while in Europe on average 19% of male 
and 14% of female adolescents had smoked 
it (25). The figures illustrate the same trends, 
i.e. male adolescents smoke marijuana more 
often than female adolescents, but with dif-
ferent intensity in different countries. Re-
search carried out in the USA and in Eu-
rope in the past several years showed that 
the difference in drug use between men and 
women is decreasing and it is expected that 
in the near future males and females will be 
equally as likely to use drugs (21, 30).
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This research has proven to us that boys 
in the Brčko District are twice as likely to 
try smoking marijuana than girls. One of 
the reasons for such behavior may be found 
in studies that show that women are more 
prone to taking sedatives and narcoanal-
getics, while men are more prone to taking 
other narcotics, including marijuana (21, 29, 
32). Based on this research, we are unable to 
draw a conclusion about the tendency to-
ward marijuana smoking among male and 
female adolescents in the Brčko District, be-
cause this phenomenon was not the focus of 
research. It would be necessary to test this 
claim in future in order to confirm or refute 
research results that speak of male and fe-
male adolescents’ preference for marijuana 
smoking. There are studies that describe the 
medicinal properties of marijuana that can 
be used for treatment of certain diseases, 
and that say that there is justification for 
the legalization of cannabis, but ultimately 
all studies come to one conclusion - canna-
bis has a harmful effect on health (26). Due 
to the claims that marijuana has medicinal 
properties, and owing to the fact that it is 
supposedly less addictive than other narcot-
ics, the tolerance threshold in adolescents 
for engaging in experimentation with mari-
juana is being lowered (16). The disturbing 
fact is that every fifteenth adolescent in the 
Brčko District had smoked marijuana in the 
previous 30 days (25), which is almost equal 
to the number of adolescents from the EU, 
RC and Federation of BH, while twice as 
many respondents from the Brčko District 
had smoked it in the previous thirty days 
compared to the RS, and six times more 
compared to their peers in the Republika 
Srpska. Active drug addicts were taken to be 
adolescents who had smoked marijuana in 
the previous thirty days. Half of them had 
smoked one to two joints, while one in four 
had smoked up to five joints of marijuana. 
One in seven respondents, who said they 
had used marijuana in the past month, had 

smoked a minimum of one joint per day on 
average. This intensity of marijuana smok-
ing suggests that it has become an integral 
part of the everyday activities of adolescents, 
and that marijuana smoking is a matter of 
prestige and is not perceived as a vice or 
something they should avoid.

From the analysis of when the respon-
dents use marijuana, we established that 
more than one fifth of school-aged adoles-
cents who had ever smoked it, had done 
so before the age of thirteen. This number 
represents 1.5% of the respondents and is 
significantly higher than in the rest of BH 
and the RS, where 1% of the respondents 
had tried marijuana before the age of thir-
teen, while in RC 3% of them had, which 
represents the average of the members of 
the ESPAD group (25). In the USA, this per-
centage rises to 15% (26). Bearing in mind 
that we are talking about early adolescence, 
it is difficult to understand that such a large 
number of respondents had had the oppor-
tunity to obtain marijuana so early in their 
life and decided to smoke it.

One of the elements which could be seen 
as a reason for the existence of these dras-
tic differences is the location of the District, 
which is topographically “nested” between 
the Republika Srpska and the Federation of 
BH. Also, it is situated on the border with 
the EU and it is autonomous in terms of 
other levels of government. Consequently, 
migration to and from the Brčko District is 
extensive. This location and its autonomy 
make it safe for dealers to trade in marijuana 
and place their “goods” not only on the mar-
ket in the Brčko District and BH, but also on 
the markets of EU countries. 

This research shows that respondents 
from the city are prone to use marijuana 
more often than those from villages. It shows 
that one in six respondents from the city had 
smoked marijuana, and that one in eight re-
spondents from villages had done so. If any 
difference exists in relation to the place of 
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residence and marijuana consumption, it 
has decreased and it is only a matter of time 
until the place of residence will be irrelevant 
with regard to marijuana consumption. This 
observation is supported by the fact that 13 
year old respondents from the villages use 
marijuana much more frequently than their 
peers from the city. The claim that mari-
juana is finding its way to rural areas is thus 
affirmed. The higher intensity of marijuana 
smoking in rural areas could be the result of 
the imprecise definition of the term “village”, 
since there are more and more rural areas 
which in certain circumstances are consid-
ered to be urban areas (22, 23, 33). The dif-
ference in marijuana consumption could be 
explained by the fact that rural people are 
more conservative, less educated, stricter in 
raising their children, and poorer in com-
parison to those from the city. 

The influence of peers and identification 
with their idols who tend to use marijuana 
may be the trigger for adolescents to try to 
smoke marijuana (18). Social networking 
sites such as Facebook, Twitter, etc., and so-
cializing with virtual friends and their peers 
who already use marijuana create more fer-
tile ground for adolescents to engage in an 
“adventure” and to purchase and consume 
marijuana (34). Likewise, through social 
networks and other media, adolescents very 
quickly obtain information about the trends 
in medical usage of marijuana and the pro-
cess of its legalization in some countries of 
the world, which can create a distorted pic-
ture of the ingenuousness of narcotic sub-
stances (26). The search for the best way to 
combat this scourge is aggravated by all this. 
Research conducted in the USA shows that 
unstable families have a significant impact 
on the behavior of adolescents, especially 
single-parent households (33). In such fami-
lies, adolescents are much more likely to be-
have in a risky manner, and they consume 
drugs more often in comparison to those 
from two-parent families (35). In families 

where the parents have built better family 
relations with their children and where the 
parents exercise subtle control of the adoles-
cents’ actions, risky behavior and consump-
tion of narcotics rarely appear (36). This 
problem was not the subject of this research, 
and it is necessary to design new research in 
order to research this phenomenon scien-
tifically and to draw adequate conclusions.

Limitation of study

A weakness related to the research problem 
is the inability to check whether the respon-
dents answered the questions truthfully. 
The research involved adolescents prone to 
turbulent emotional and social reactions 
that may affect their giving honest answers. 
One of the limiting factors was the insuffi-
cient involvement of school psychologists 
and teachers, who could have contributed to 
making respondents answer truthfully.

Conclusion

Every seventh respondent had tried smok-
ing marijuana at least once in their lifetime, 
and every fifteenth respondent had smoked 
marijuana in the previous thirty days. Boys 
smoke marijuana much more frequently 
than girls, as do city boys compared to those 
from villages. Adolescents from the Brčko 
District had smoked marijuana in the previ-
ous thirty days more often than their peers 
from the RS and the Republika Srpska, and 
as much  as their peers in the RC and the 
Federation of BH. On the whole, marijuana 
is easily available in the Brčko District, and 
its consumption is tolerated, which is an im-
portant public health problem.

What is already known on this topic
Marijuana is the most commonly used psychoactive substance. 
A high percentage of adolescents from developed, as well as 
from underdeveloped countries, use it. Through the European 
Monitoring Centre for Drugs and Drug Addiction (EMCDDA) 
and the Pompidou Group, established by the Council of Europe, 
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separate research on marijuana usage has been conducted in 
the BH entities, the Federation of BH and Republika Srpska. 
However, no research was conducted before in the Brčko Dis-
trict, which is also part of BH. The previous research showed 
that marijuana is present among adolescents in BH, but the 
frequency of smoking varies between the two entities.

What this study adds
During this research, which was conducted in accordance 
with the methodology previously applied in the BH entities, 
data about marijuana smoking among adolescents from the 
Brčko District were collected and processed. The results of this 
research complement the perception of marijuana smoking 
among the BH adolescents, so that a full insight into marijuana 
usage in the whole of BH can be obtained, while in the Brčko 
District it is possible to implement marijuana smoking preven-
tion programs and periodically repeat the research in order to 
monitor marijuana smoking trends. 
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Introduction

Dentofacial anomalies are conditions in 
which there is a deviation from the normal 
morphology, size and function of individual 
parts or the whole of the craniofacial com-
plex (1). Consequences of disorders related 
to dentofacial anomalies are numerous, from 
oral function disorders to disrupted facial 
aesthetics, which is a serious public health 
problem. Orthodontic anomalies, especially 
dental arch crowding, lead to the rapid for-
mation of caries and periodontal diseases. 

In displaced teeth, even impeccable oral hy-
giene cannot eliminate food residues left in 
retention spaces, resulting in fermentation 
processes, the products of which are acids 
that lead to damage to the dental substance 
and supporting apparatus of the teeth (2, 3). 

Many studies have pointed out that there 
is a correlation between orthodontic anom-
alies and periodontal conditions (4). Today, 
in countries with a well-developed health 
care system, longitudinal studies examining 
the prevalence and registering of dentofacial 
anomalies are conducted in children from 
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Objective. The study was conducted to evaluate the Index of Orth-
odontic Treatment Need based on the Dental Health Component 
(DHC). Materials and methods. 300 students aged 12-15 years were 
included in this study. The examinations were performed in two el-
ementary schools in the municipality of Prozor-Rama, using standard 
dental instruments. Children were ranked into five grades according 
to the DHC. Results. Only 12% of children were found not to have 
a need for orthodontic treatment. Of the others, 45.33% had a great, 
and 10% a very great need for orthodontic treatment. The rest of the 
children were found to have a need for minor or moderate orthodon-
tic treatment. Slightly more girls than boys had a great or a very great 
need for treatment, although the difference by gender was not sta-
tistically significant. Analysis of the level of need by age of children 
showed no significant difference; children with a great need of orth-
odontic treatment prevailed in all age groups. About 85% of children 
with a great and a very great need for orthodontic treatment would 
agree to orthodontic treatment, while the rate of non-acceptance was 
about 5%. Conclusion. The high rate of need for orthodontic treat-
ment in the examined students is explained by the lack of programs for 
this type of health care, the insufficient number of qualified orthodon-
tic specialists, and the very low percentage of allocations from the state 
budget for oral health.

Original article
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the age of three years. Timely implementa-
tion of orthodontic treatment is planned in 
this way (5, 6). 

The objective of epidemiological stud-
ies in orthodontics is to determine the in-
cidence and prevalence of malocclusions 
and identify variations in different popula-
tion groups, and thus to establish priorities 
in implementation of orthodontic treatment 
in children (7). Orthodontic anomalies im-
pair normal performance of the orofacial 
complex functions (mastication, deglutition 
and phonation), and compromise facial aes-
thetics (8). Distinct orthodontic anomalies, 
accompanied by impaired facial aesthetics 
and disturbed oral functions, particularly 
of speech, significantly affect the emotional 
and social development of both children 
and adults (9, 10).

Children with orthodontic anomalies may 
become introvert and avoid social contact, 
and often these children become the subject 
of ridicule and teasing by their peers (11). 

Orthodontic anomalies assume epidemic 
proportions in the world, even in the coun-
tries with well-developed oral health care. 
In determining the prevalence, diagnostics 
based on standardized criteria are important 
in order to identify treatment priorities. This 
is successfully achieved by the Index of Orth-
odontic Treatment Need (IOTN) using the 
Dental Health Component (DHC) (12, 13).

IOTN identifies the various percentages 
of these needs. For example, in Italy 59.5% 
of elementary school children have a need 
for orthodontic treatment (12), in children 
aged 12-14 years in the United Kingdom this 
need ranges from 15-26% (13), in children 
aged 8-16 years in Sweden this need is 28.9% 
(14), in Germany 26.2% of the examined 
children need orthodontic treatment (15) 
and in Malaysia 47.9% (16). Similar stud-
ies on the state of orthodontic anomalies, 
in terms of the need for orthodontic treat-
ment, have been carried out in a wider area 
of the Western Balkans (17). The last study 

conducted in Bosnia and Herzegovina was 
in 1988, before the war. The subjects were 
children aged 6-15 years, and orthodontic 
anomalies were established in 36.7% of sub-
jects, while 30% were in need of orthodontic 
treatment (17). These studies did not use the 
IOTN according to the DHC, which is now 
the new standard of categorization of orth-
odontic treatment (3-5).

This was the motive for new research 
aimed at establishing the real need for orth-
odontic treatment and the readiness of chil-
dren to agree to orthodontic treatment. 

Materials and methods 

The study was conducted in two elemen-
tary schools in the municipality of Prozor-
Rama, Bosnia and Herzegovina. The study 
included a total of 300 randomly selected 
students from 12 to 15 years of age: 12 years 
of age - 78 (26.0%), 13 years - 73 (24.3%), 14 
years - 76 (25.3%) and 15 years - 73 (24.3%). 
The genders were equally represented in the 
sample (150 girls and 150 boys). All school 
children from both surveyed schools who 
were younger than 12 or older than 15 years 
of age, as well as children who had received 
orthodontic treatment before these exami-
nations, or who were undergoing orthodon-
tic treatment during these examinations, 
were excluded from the study.

The first phase of the research was car-
ried out at the Rama Community Health 
Center in Prozor with the approval of the 
Ministry of Education, Science, Culture and 
Sport of the Herzegovina-Neretva County.  

The study was approved by the Ethics 
Committee of the Rama Community Health 
Center in accordance with the Helsinki 
Declaration. Informed consent was ob-
tained from the parents. The children were 
informed about the study in an appropriate 
way and only those children who agreed to 
participate were included in the study. The 
inclusion criteria were age from 12 to 15 
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years and a documented medical record, as 
well as information from the parents, that 
the child had not had orthodontic treatment 
before this study. According to the World 
Health Organization’s recommendations, 
this age group is the most appropriate for 
oral health examination (18). During this 
period, children enter adolescence, when 
growth significantly affects the orofacial 
complex.

Dental health components with dental 
characteristics were examined according to 
the checklist of the Swedish Dental Board. 
This method was used as a reference for de-
termining the orthodontic treatment need 
based on functional and occlusal character-
istics, as recommended by the WHO (10). 
IOTN according to the DHC is determined 
by the following characteristics: increased 
overbite depth, open bite (anterior or later-
al), impeded tooth eruption, Class II and III 
intercuspation, missing teeth, cleft lip and/
or palate (10, 11). The patients were classi-
fied into five categories accordingly.

The clinical examination was carried out 
using standard dental instruments, and the 
necessary measurements were carried out 
using the millimeter gauge (Dentalschie-
belehre). The persons conducting the re-
search were general dentists with several 
years of experience in their profession, who 
use IOTN assessment on a daily basis. Two 
investigators  assessed IOTN taking into 
consideration inter-observer variations.

All data were entered into the research 
survey, which consisted of two parts. Gener-
al data on each examined child were entered 
into the first part of the survey, and the data 
on function and characteristics of dentition, 
with an estimation of the index of orthodon-
tic treatment need, into the second part.

Analysis of acceptance of orthodontic 
treatment was carried out among children 
found to have a great and very great need 
for orthodontic treatment (levels 4 and 5). 
Three options were offered in the following 

answers: “I agree to orthodontic treatment”, 
“I have no attitude towards treatment”, and 
“I do not agree to orthodontic treatment”. 
The verbal response was entered into the 
questionnaire. The examination was carried 
out for both genders.

Statistical analysis

Data were analyzed in SPSS for Windows 
(version 17.0., SPSS Inc. Chicago, Illinois, 
USA) and Microsoft Excel (version Office 
2007, Microsoft Corporation, Redmond, 
WA, USA). Results were expressed in ab-
solute (f) and relative frequencies (%). The 
Chi-square (χ2) test was used for testing the 
significance of differences regarding gender 
and age. In the absence of the expected fre-
quencies, Fisher’s exact test was used. The 
level of significance was p=0.05. P values 
that could not be expressed to three decimal 
places are shown as p<0.001.

Results

The subjects were divided according to the 
need for orthodontic treatment, by gender 
and by age (Table 1).

According to the results, significantly 
more children (almost 90%) had a need for 
orthodontic treatment (χ2=173.280; df=1; 
p<0.001). The distribution of boys and girls 
by need for treatment was identical, while 
the distribution of children of different ages 
varied slightly (χ2=0.606; df=3; p=0.895). 

The distribution of children with a need 
for orthodontic treatment by degree, in to-
tal, by gender and by age is shown in Table 2. 

There was a significant difference in the 
distribution of children who had a need for 
orthodontic treatment by degree of need 
(χ2=103.394; df=3; p<0.001). Comparison 
of indices of orthodontic treatment need for 
boys and girls showed no statistically signif-
icant difference (χ2=1.422; df=3; p=0.700), 
although it was shown that girls had a great 
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or very great need for treatment slightly 
more often. Analysis of levels of need by age 
of children did not show any significant dif-
ference (χ 2=2.719; df=9; p=0.974), children 
with a great need for orthodontic treatment 
prevailed in all age subgroups.

Based on the examinations and data 
analysis, 166 children out of all those includ-
ed in the study were found to have a great or 
very great need for orthodontic treatment. 
Among them, 141 (84.93%) would agree 
to treatment, 18 (10.84%) children did not 
have a personal opinion about treatment, 
and 7 (4.21%) would not agree to treatment. 
Children who did not desire treatment, de-
spite their need, explained that they did not 
care about treatment, while others stated 
that they did not have the financial resourc-
es for the treatment. According to the sur-
vey results, 70 (81.39%) boys would agree 
to orthodontic treatment, 12 (13.95%) did 
not have an opinion on this treatment, and 
4 (4.65%) would not agree to orthodontic 
treatment. Out of the total number of girls 

with a need for orthodontic treatment, 71 
(88.75%) of them declared that they would 
agree to treatment, 6 (7.5%) did not have a 
personal opinion on this treatment, and 3 
(3.75%) would not agree to this treatment.

Discussion

Determination of orthodontic treatment 
needs based on assessment of the DHC in 
children aged 12-15 years in two elementary 
schools in the municipality of Prozor-Rama, 
showed that a large number of children have 
a great and very great need for orthodontic 
treatment. Almost half of the examined sub-
jects had a great need for orthodontic treat-
ment, while 10% of the children had a very 
great need for orthodontic treatment. 

This is in accordance with similar stud-
ies on orthodontic treatment needs in chil-
dren performed in Jordan (71%), Malaysia 
(47.9%) and Turkey (40%) (19-21), indi-
cating a correlation between the socio-eco-
nomic status of the population and the index 

Table 1 Distribution of children by assessed need for orthodontic treatment, in total, by gender and age

Orthodontic 
treatment

Children (n; %)

Total
Gender Age (years)

Boys Girls 12 13 14 15

Not needed 36 (12.0) 18 (12.0) 18 (12.0) 9 (11.5) 8 (11.0) 11 (14.5) 8 (11.0)

Needed 264  (88.0) 132 (88.0) 132 (88.0) 69 (88.5) 65 (89.0) 65 (85.5) 65 (89.0)

Total 300 150 150 78 73 76 73

Table 2 Distribution of children with need for orthodontic treatment by index of need, in total, by gender and 
age

IOTN

Children (n; %)

Total
Gender Age (years)

Boys Girls 12 13 14 15

Minor anomaly, no treatment need 54 (20.5) 27 (20.5) 27 (20.5) 13 (18.8) 12 (18.5) 15 (23.1) 14 (21.5)

Borderline treatment need 44 (16.7) 25 (18.9) 19 (14.4) 13 (18.8) 10 (15.4) 12 (18.5) 9 (13.9)

Treatment greatly needed 136 (51.5) 64 (48.5) 72 (54.5) 34 (49.3) 37 (56.9) 32 (49.2) 33 (50.9)

Treatment very greatly needed 30 (11.4) 16 (12.1) 14 (10.6) 9 (13.0) 6 (9.2) 6 (9.2) 9 (13.9)

Total 264 132 132 69 65 65 65

IOTN=Index of Orthodontic Treatment Need.
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of orthodontic treatment need (22). Studies 
have shown that external appearance, in-
cluding dental appearance and speech, is 
essential for a person’s socialization, which 
is why orthodontic anomalies negatively af-
fect the social development of children (23). 
Introducing more reliable statistical records 
and monitoring outcomes of orthodontic 
treatments, not only currently but longitu-
dinally over many years, is very important 
for improvement of care (24).

Studies indicate a significant improve-
ment in the statistical records of orth-
odontic treatment at all health care levels, 
particularly in the private sector. This im-
proves strategic principles for evaluation of 
this form of health care, which should be 
available to every child (25). Studies point 
out the importance of long-term monitor-
ing and constant evaluation of orthodontic 
treatment, using the same methodology and 
criteria, because it is only in that way that 
implementation of this form of health care 
can be properly evaluated (26, 27). Studies 
conducted in England showed that the great 
benefit from interventions conducted was 
maintained after 6 years in 94% of persons 
who underwent orthodontic treatment (28).

Many countries have introduced manda-
tory testing of dental health components to 
the health care program for children. Studies 
of dental health components in children aged 
10 years in New Zealand showed that one in 
three examined children needed orthodon-
tic treatment (29). Although the issue of the 
socio-economic standard of the examined 
children’s families was not included in our 
study, this issue may be one of the reasons 
for the great need for orthodontic treatment, 
due to the generally poor financial income, 
still felt in the region after the war.

The study by Topic et al. conducted in 
this area in 1990 on the need for orthodon-
tic treatment showed that 36% of children 
aged 6-12 years had occlusal anomalies, of 
which 30% required treatment (17). Addi-

tionally, Ivankovic et al. established that af-
ter the war, in 1999, there was a significantly 
higher prevalence of orthodontic anomalies, 
in 55% of subjects, of which 49% had a great 
need for orthodontic treatment (30). Stud-
ies of the orthodontic treatment needs of 
school children aged 12-15 years in Jordan 
showed that 34-71% of the subjects needed 
orthodontic treatment (16). This is approxi-
mately equivalent to the results of our study. 
These countries are similar to ours in terms 
of economic opportunities, and this infor-
mation confirms the findings of Antoff et 
al. that a favorable socioeconomic situation 
is a precondition for prevention of occlusal 
defects (31). 

The high prevalence rates of dental caries 
and periodontal diseases (30) in this region 
have an adverse effect and cause this great 
need for orthodontic treatment, and are the 
direct negative etiological factors in occlusal 
anomalies (15). Unfavorable allocation of 
resources (staff, premises and equipment) 
for health care does not allow application of 
the principle of availability, and it is not fully 
respected. The high percentage of orthodon-
tic treatment needs in the area of this study 
is the consequence of the concentration of 
health resources, which are mostly located 
in urban centers. Financial resources from 
the gross domestic product are extremely 
insufficient in Bosnia and Herzegovina, 
which also leads to the difficult situation in 
the field of oral health.

Limitations of the study

In order to make general conclusions, it is nec-
essary to expand the study area, to conduct the 
study in several municipalities, and increase 
the age range of the examined children. 

Conclusions 

Our study showed that a high percentage of 
children have a great need for orthodontic 
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treatment. Orthodontic anomalies among 
the examined children have epidemic pro-
portions, which indicates that oral health 
care in school children is not available to 
children in Prozor-Rama. Children’s orth-
odontic care is not available in the Rama 
Community Health Center in the mu-
nicipality of Prozor-Rama, while the study 
showed that orthodontic treatment would 
be highly acceptable by children with de-
tected orthodontic changes. Therefore, pri-
mary health care guidelines should be de-
veloped to introduce orthodontic indices 
into clinical practice, while specialists for 
orthodontics should be involved to deter-
mine orthodontic treatment needs, as well 
as to provide orthodontic treatment in well-
equipped orthodontic clinics.

What is already known on this topic
Children with orthodontic anomalies may become introvert 
and avoid social contact, and often these children become the 
subject of ridicule and teasing by their peers. In determining 
the prevalence and need for treatment, diagnostics based on 
standardized criteria are important, in order to identify treat-
ment priorities. This is successfully achieved by the IOTN using 
the DHC.

What this study adds
Previous research in Bosnia and Hercegovina failed to use the 
IOTN according to  the DHC, which is now a new standard for 
categorization of orthodontic treatment. The results will give 
an insight into the need for orthodontic treatment in school 
children in the municipality of Prozor-Rama. It is expected that 
the results of this research will contribute to the improvement of 
oral health care among school children.
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Introduction

In recent decades, with the increasing use of 
intravascular iodinate contrast media for di-
agnostic and therapeutic purposes, contrast 
induced nephropathy (CIN) has become 
one of the more common serious complica-
tions, in particular in patients undergoing 
percutaneous coronary invasive procedures 
(PCIP) (1). In clinical practice, it is impor-

tant to estimate the individual risk of devel-
oping CIN and, with regard to this, a score 
capable of predicting this complication has 
been proposed (2). Considering the classical 
biomarkers of renal function, serum creati-
nine is unfortunately poorly sensitive, being 
greatly influenced by many renal and non-
renal factors, such as: changes in muscle 
mass and tubular secretion, race, age, gen-
der, total body volume (3) and therefore it 
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Objective. This study aimed to test the association of both the base-
line values and post-procedural variations of urinary and serum 
Neutrophil Gelatinase-Associated Lipocalin (NGAL) and Cystatin C 
(CysC) with contrast induced nephropathy (CIN) occurrence in pa-
tients undergoing percutaneous coronary invasive procedures (PCIP), 
and compare them to serum creatinine and the estimated glomerular 
filtration rate (eGFR). Methods. In 43 patients admitted to our Car-
diac Step-Down Unit and submitted to PCIP, we measured serum 
creatinine and eGFR as the standard markers for CIN diagnosis, and 
compared them to both serum and urinary NGAL as well as serum 
CysC, assessed before and 4 hours after PCIP. Results. Patients who 
developed CIN (16%) were older, with significantly higher discharge 
creatinine values, lower eGFR values at creatinine peak, and higher 
baseline and post-PCIP CysC values. We did not detect any significant 
association between baseline serum and urinary NGAL values and 
their 4 hour variations after contrast medium administration and CIN 
occurrence. Furthermore, we observed that the baseline values of both 
serum and urinary NGAL were significantly higher in patients with 
greater neutrophil count. Conclusion. In our population submitted to 
PCIP, neither baseline serum and urinary NGAL nor their variations 
after PCIP were related to CIN occurrence, while CysC results were 
associated with CIN development, earlier than creatinine and eGFR 
variations.  
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does not help in distinguishing between the 
mechanisms of nephrotoxicity. Moreover, 
variations in creatinine values are not use-
ful for early detection of CIN since increases 
in this parameter are often observed 48-72 
hours after contrast medium administra-
tion.

Recent research has been addressed at 
finding new, more sensitive, biomarkers for 
the earlier diagnosis of acute kidney injury. 
Among them, Neutrophil Gelatinase-As-
sociated Lipocalin (NGAL) and Cystatin C 
(CysC) have been explored, but conflicting 
results are reported regarding their role in 
the early detection of CIN (4-7). 

The aim of this study was to test the as-
sociation of both baseline values and post-
procedural variations in either urinary and 
serum NGAL as well as serum CysC with 
CIN occurrence, after PCIP compared to se-
rum creatinine and the estimated glomeru-
lar filtration rate (eGFR).

Materials and methods

From February to August 2010 we prospec-
tively enrolled 43 patients who were admitted 
to our Cardiac Step-Down Unit and submit-
ted to PCIP, either for stable coronary artery 
disease such as stable angina and inducible 
myocardial ischemia, or for acute coronary 
syndromes. Exclusion criteria were the posi-
tivity of the urine culture sample and eGFR 
<60 ml/min/1.73 m2. At admission and dur-
ing hospitalization,  the following laboratory 
parameters were measured in a fasting blood 
sample: hemoglobin (g/dL), troponin I (ng/
ml), leukocyte count (N/mm3), neutrophil 
count (N/mm3), serum creatinine (mg/dL), 
serum CysC (ng/ml)(on admission and 4 
hours after PCI), fibrinogen (mg/dl), C-re-
active protein (CRP) (mg/L). 

We also measured urinary and serum 
NGAL (ng/ml) (on admission and 4 hours 
after PCI); values of urinary NGAL were 
also adjusted for urinary creatinine values by 

calculating the urinary NGAL to urine cre-
atinine ratio. For NGAL assays fresh urine 
and EDTA samples were collected from all 
patients. EDTA samples were immediately 
centrifuged and aliquoted. All samples were 
kept at -80°C until assayed in the following 
weeks. Serum NGAL was measured with 
the Triage NGAL Test (Biosite-Inverness 
Medical, Waltham, MA), which is a point-
of-care-immunoassay for the quantitative 
determination of NGAL in EDTA antico-
agulated whole blood or serum specimen. 
Urine NGAL was assessed with an auto-
mated immunoassay (Abbott Park, IL) on 
the Architect platform. The Architect NGAL 
assay is a non-competitive two-site sand-
wich immunoassay that utilizes two mouse 
antibodies, recognizing distinct NGAL epi-
topes. For CysC measurement, serum blood 
samples were kept at -20°C until assayed in 
the following weeks. Serum CysC was as-
sayed by means of a nephelometric method 
(nephelometry Dako; IMMAGE® 800, Beck-
man Coulter, Inc. Fullerton, CA). All tests 
were performed by a well trained laboratory 
technician according to the manufactur-
ers’ instructions. We calculated eGFR (ml/
min/1.73 m2) with the MDRD formula. On 
admission, a urine culture was taken for 
each patient.

In agreement with previous studies, CIN 
was defined as an increase in serum creati-
nine by >25% or >0.5 mg/dl over baseline 
values, 48 hours after PCIP (2). The study 
protocol was in accordance with the Helsin-
ki Declaration of 1975, as revised in 1983. 
Informed consent was obtained from all 
patients before enrollment. Our study had 
a prospective design. All data were prospec-
tively collected in a dedicated database and 
analyzed.

Statistical analysis

Statistical analysis was performed with 
SPSS (Statistic Package for Social Sciences, 

Emanuele Cecchi et al.: Cystatin C and contrast induced nephropathy
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Chicago, USA) for Windows (Version 17). 
Categorical variables were expressed as fre-
quencies and percentages. Continuous vari-
ables were expressed as mean values ± SD, 
when normally distributed, or otherwise 
median (range), when appropriate. Normal 
distribution of variables was checked by as-
sessing the skewness and kurtosis z values, 
with results between -1.96 and +1.96 indi-
cating normality, by the Shapiro-Wilk test, 
with a p value > 0.05, and by visual inspec-
tion of their histograms, normal Q-Q plots 
and box plots (data not shown). Fisher’s 
exact test was used to compare categorical 
variables between CIN- and CIN+ patients. 
The non-parametric Mann-Whitney U test 
for unpaired data was used to compare vari-
ables between CIN- and CIN+ patients; this 
latter test was also used to analyze urinary 
and serum values of NGAL as well as the 
urinary NGAL/creatinine ratio either before 
and after PCIP in relation to the presence of 
inflammation, defined as neutrophil count 
higher than 4200/mm3; this cutoff value for 
neutrophils showed association with higher 
leukocyte count and higher values of eryth-
rocyte sedimentation rate or C reactive 
protein, confirming an inflammatory pat-
tern. This has been previously reported in 
the literature to be associated with a higher 
prevalence of respiratory symptoms, such 
as bronchitis and persistent cough (8). To 
evaluate differences of variables analyzed 
between baseline and post-contrast medium 
administration values, the nonparametric 
Wilcoxon rank sum test for paired data was 
used. Correlations among biomarkers of 
renal damage and other clinical and labo-
ratory parameters were assessed using the 
Pearson correlation test, when analyzing 
variables normally distributed, or the Spear-
man rank correlation test for variables not 
normally distributed. 

To determine the best baseline CysC 
threshold associated with CIN occurrence, 
receiving operating characteristics (ROC) 

analysis was performed and the area under 
the ROC curves (AUROC) was calculated; 
the optimal cut off point was chosen among 
the coordinates of the ROC curves at the 
point that gave a balanced weight between 
sensitivity and specificity. A p value <0.05 
was considered statistically significant.

Results

Our population was composed of 59 pa-
tients, of which 16 were excluded due to 
the positivity of their urine culture sample, 
or for eGFR <60 ml/min/1.73 m2. In Table 
1 the main clinical and angiographic char-
acteristics of the 43 patients included in our 
analysis are presented. Out of them, 7 pa-
tients (16%) developed CIN. Patients who 
developed CIN were significantly older than 
those who did not. 

In Table 2 laboratory data of the patients 
analyzed in relation to CIN occurrence are 
reported. Patients who developed CIN had 
significantly higher discharge serum cre-
atinine values, lower eGFR values at serum 
peak creatinine and higher serum CysC 
values, either before and after PCIP. There 
was no significant difference in serum CysC 
between the values measured before and 
those assessed after PCIP in either of the 
two subgroups analyzed. Moreover, there 
was no significant difference between the 
two groups of patients in serum NGAL be-
fore and after PICP, or in urinary NGAL be-
fore and after PCIP, even after adjustment 
for urinary creatinine values. Patients who 
developed CIN underwent in a significantly 
higher percentage bare-metal stent implan-
tation. In patients who developed CIN no 
significant variations between baseline and 
post-PCIP values in serum CysC, urinary 
and serum NGAL, or urinary NGAL/creati-
nine ratio were observed.

As depicted in Table 3, patients (n=14) 
with a positive inflammatory pattern (neu-
trophil count higher than 4200/mm3) 
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Table 1 Clinical characteristics and angiographic data of patients enrolled

Characteristics All patients (n=43) CIN - (n=36) CIN + (n=7) p value

Age, years (x– ± SD) 67.3±9.6 65.4 ±9.0 77.1±6.6 0.002

Male/Female 31/12 26/10 5/2 0.644

Overweight (BMI > 25 kg/m2), n (%) 25 (58.1) 20 (55.6) 5 (71.4) 0.366

Diabetes mellitus, n (%) 9 (20.9) 6 (16.7) 3 (42.9) 0.147

Smoker, n (%) 24 (55.8) 22 (61.1) 2 (28.6) 0.121

Hypertension, n (%) 36 (83.7) 30 (83.3) 6 (85.7) 0.682

Previous CAD, n (%) 21 (48.8) 17 (47.2) 4 (57.1) 0.473

Previous PCI, n (%) 16 (37.2) 13 (36.1) 3 (42.9) 0.525

Previous CABG, n (%) 3 (7.0) 3 (8.3) 0 (0) 0.579

Heart Failure, n (%) 5 (11.6) 4 (11.1) 1 (14.3) 0.608

Dyslipidemia, n (%) 30 (69.8) 24 (66.7) 6 (85.7) 0.303

Family History of CAD, n (%) 15 (34.9) 13 (36.1) 2 (28.6) 0.532

Stable CAD, n (%) 17 (39.5) 14 (38.9) 3 (42.9) 0.581

NSTE-ACS, n (%) 26 (60.5) 22 (61.1) 4 (57.1) 0.581

LVEF, n (%) 55 (50-60) 55 (55-60) 55 (45-55) 0.120

Coronary artery disease extension

No disease, n (%) 7 (16.3) 6 (16.7) 1 (14.3) 0.681

1 vessel, n (%) 6 (14.0) 5 (13.9) 1 (14.3) 0.681

2 vessels, n (%) 9 (20.9) 9 (25) 0 (0) NA

3 vessels, n (%) 21 (48.8) 16 (44.4) 5 (71.4) 0.152

Contrast medium amount, ml (x– ± SD) 264.49±136.13 266.44±140.89 254.43±117.38 0.910

PCI, n (%) 28 (65.1) 23 (63.8) 5 (71.4) 0.532

POBA, n (%) 2 (4.6) 1 (2.7) 1 (14.3) 0.302

BMS, n (%) 5 (11.6) 2 (5.5) 3 (42.8) 0.024

DES, n (%) 21 (48.8) 20 (55.5) 1 (14.3) 0.054

IABP use, n 0 (0) 0 (0) 0 (0) NA

Hemodynamic instability 3 (7.0) 2 (5.6) 1 (14.3) 0.421

BMI=Body mass index; BMS=Bare metal stent; CABG=Coronary artery by-pass graft; CAD=Coronary artery disease; DES=Drug eluting 
stent; IABP=Intra-aortic balloon pump; LVEF=Left ventricular ejection fraction; NSTE-ACS=Non-ST-elevation Acute Coronary Syndrome; 
PCI=Percutaneous coronary intervention; POBA=Percutaneous only balloon angioplasty.

had significantly higher values of urinary 
NGAL, either pre-PCIP and post-PCIP, 
even when adjusted for urinary creatinine 
values, as well as higher values of pre-PCI 
serum NGAL. Moreover, using the Pear-
son correlation test, a significant correla-
tion was found between age and both se-
rum CysC pre-PCIP (r=0.62; p=0.000) and 
serum CysC post-PCIP (r=0.58; p=0.000), 

between eGFR and both serum creatinine 
at admission (r=-0.71; p=0.000) and serum 
CysC pre-PCIP (r=-0.45; p=0.003), as well 
as between serum CysC pre-PCIP and cre-
atinine at the peak (r=0.47; p=0.001) and at 
discharge (r=0.39; p=0.01).

The Spearman rank correlation test 
showed a significant correlation between 
the serum CysC pre-PCIP and urinary 
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Table 2 Laboratory data in the overall study population and in relation to CIN development

Laboratory data All patients (n=43) CIN - (n=36) CIN + (n=7) p value

Admission serum creatinine, mg/dl 0.85±0.17 0.85±0.17 0.87± 0.20 0.910

Peak serum creatinine, mg/dl 0.95±0.20 0.91±0.16 1.19±0.21 0.002

Discharge serum creatinine, mg/dl 0.88±0.21 0.83±0.17 1.12±0.25 0.004

Admission eGFR, ml/min/1.73m2 86.7±20.4 87.5± 20.4 82.7±21.9 0.356

eGFR  at serum creatinine peak, ml/min/1.73m2 77.2±19.5 81.2±17.8 56.7±15.5 <0.001

Peak TnI, ng/ml 0.21 (0.07-2.60) 0.21 (0.07-2.60) 1.80 (0.02-2.60) 0.89

Cystatin C pre-PCIP, ng/ml 1.10±0.26 1.05±0.24 1.34±0.16 0.001

Cystatin C post-PCIP, ng/ml 1.07±0.23 1.02±0.22 1.32±0.14 0.001

Urinary NGAL pre-PCIP, ng/ml 8.30 (5.50-18.60) 8.25 (5.53-17.18) 9.30 (4.60-27.70) 0.784

Urinary NGAL post-PCIP, ng/ml 8.60 (4.50-15.90) 8.25 (4.58-15.88) 9.20 (3.80-18.50) 0.735

Adjusted Urinary NGAL pre-PCIP*, ng/ml 10.92 (6.81-20.30) 10.78 (6.42-19.96) 15.87 (7.44-27.06) 0.664

Adjusted Urinary NGAL post-PCIP*, ng/ml 13.22 (8.19-30.99) 13.10 (8.28-26.63) 15.63 (7.93-38.21) 0.784

Serum NGAL pre-PCIP, ng/ml 76 (60-184) 76 (60-172) 94 (60-272) 0.640

Serum NGAL post-PCIP, ng/ml 104 (60-181) 107 (60-172) 97 (60-209) 0.936

Admission Hb, g/dl 13.5 (12.6-14.5) 13.5 (12.7-14.5) 13.5 (10.8-15.0) 0.987

Nadir Hb, g/dl 12.05±1.69 12.09±1.62 11.81±2.12 0.488

Admission Leucocytes, N/mm3 7290 (5850-8920) 7090 (5730-8770) 7560 (6780-10400) 0.356

Peak Leucocytes, N/mm3 8100 (6360-9710) 8040 (6295-9700) 9190 (7920-10600) 0.176

Neutrophils, N/mm3 3360 (2350-4890) 3180 (2300-4390) 4510 (3100-7520) 0.147

Fibrinogen peak, mg/dl 483.19±98.15 468.33±91.92 559.57±100.11 0.024

ESR, mm/h 13 (7-23) 13 (7-21) 13 (6-30) 0.984

eGFR=Estimated glomerular filtration rate; ESR Erythrocyte sedimentation rate; Hb=Hemoglobin; NGAL=Neutrophil Gelatinase-Associated Li-
pocalin; PCIP=Percutaneous coronary invasive procedures; TnI=Troponin I. *Adjusted for urinary creatinine values. Values are presented as mean 
± standard deviation when normally distributed or, otherwise, as median (interquartile range).

Table 3 Comparison between inflammatory and non-inflammatory states in relation to the timing of samples 
collection with respect to PCIP 

Parameters Inflammation* 
(n=14)

No Inflammation 
(n=29) p value

Urinary NGAL pre-PCIP, ng/ml 16.60 (9.73-28.80) 7.80 (5.10-14.15) 0.005

Urinary NGAL post-PCIP, ng/ml 16.05 (9.05-20.00) 6.10 (3.80-10.65) 0.002

Urinary NGAL pre-PCIP/creatinine, ng/ml 18.11 (15.03-27.93) 8.49 (4.97-14.20) 0.002

Urinary NGAL post-PCIP/creatinine, ng/ml 20.30 (11.60-39.71) 12.43 (7.76-22.42) 0.046

Serum NGAL pre-PCIP, ng/ml 126 (86-216) 68 (60-121) 0.034

Serum NGAL post-PCIP, ng/ml 125 (102-188) 68 (60-170) 0.10

*Defined as neutrophil count higher than 4200/mm3; NGAL=Neutrophil Gelatinase-Associated Lipocalin; PCIP=Percutaneous coronary invasive 
procedures. All values are reported as median (interquartile range).
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NGAL post-PCIP/creatinine ratio (r=0.32; 
p=0.035), and urinary NGAL post-PCIP 
(r=0.43; p=0.004) in the overall population 
of patients, and a mild but significant cor-
relation between serum creatinine at dis-
charge and NGAL post-PCIP/creatinine ra-
tio (r=-0.30; p=0.048).

The results from the ROC curve showed 
that the optimal cut-off value of serum CysC 
for CIN diagnosis was 1.18 ng/ml. For this 
value, sensitivity was 0.857 and specificity 
0.778 (AUROC=0.863; p=0.003). Finally, 
by univariate analysis using this latter cut-
off, CysC values higher than 1.18 ng/mL re-
sulted in a significant association with CIN 
occurrence (p=0.003).

Discussion

The main finding of our investigation was 
that in patients undergoing PCIP, high val-
ues of serum CysC, even at baseline, may be 
considered a useful marker associated with 
CIN occurrence, earlier than creatinine and 
eGFR variations. Furthermore, in our series, 
neither serum nor urinary NGAL showed 
any significant association with the devel-
opment of CIN. Data about these novel bio-
markers as predictors of acute kidney injury 
after PCIP are inconsistent and contradic-
tory.  

It is well known that CysC, a protease in-
hibitor, is freely filtered in normal circum-
stances by the glomeruli and completely 
reabsorbed in the proximal tubule. In the 
absence of tubular dysfunction, its serum 
levels reflect glomerular filtration; therefore 
it could be used as a convenient measure of 
glomerular filtration rate (9). CysC is not 
affected by storage conditions or interfer-
ing substances: some limitations of the se-
rum creatinine level, including the effects of 
gender, body muscle mass and diet, do not 
significantly influence serum CysC levels. 
Elevated urine CysC levels may also indicate 
tubular epithelial damage, and have been 

proposed as an additional urine biomarker 
for acute kidney injury (10). In particular, 
in intensive care settings, serum CysC has 
been able to detect acute kidney injury ear-
lier and has been more sensitive than serum 
creatinine in detecting minor glomerular fil-
tration rate reductions (11), even in patients 
with sepsis (12).

This early increase in serum CysC follow-
ing a kidney injury is also reported in studies 
that investigated renal toxicity after contrast 
medium administration (4-6, 13-18). In all 
these investigations the peak of serum CysC 
was significantly associated with the devel-
opment of CIN occurring 24-48 hours after 
PCIP. Moreover, in agreement with previous 
studies (12, 19, 20), our investigation dem-
onstrated that high baseline values of CysC 
are associated with CIN occurrence.

On the other hand, in the study by Rubi-
chini and colleagues (7), variations in serum 
creatinine from the baseline offered bet-
ter diagnostic accuracy for predicting CIN 
at an earlier stage than similar changes in 
CysC in patients with known mild or mod-
erate chronic renal disease, undergoing PCI. 
However, in our investigation we evaluated 
patients with eGFR >60 ml/min/1.73 m2. 

Although our study strengthens the role 
of baseline CysC as a biomarker early asso-
ciated with CIN occurrence in the setting of 
PCIP, as already reported (20), no signifi-
cant variation in CysC in the subgroup of 
patients developing CIN was observed after 
contrast medium administration. Interest-
ingly, patients who developed CIN were sig-
nificantly older and a significant correlation 
was found between CysC and patient age. 
Moreover, CysC pre-PCIP results were sig-
nificantly correlated with values of urinary 
NGAL assessed after PCIP, even after adjust-
ment for urinary creatinine values, as well as 
with creatinine at the peak and at discharge, 
confirming that even values of CysC at base-
line may be associated with CIN since they 
correlate with later changes in creatinine, as 
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well as in other markers of acute kidney in-
jury, assessed after contrast medium admin-
istration. 

Furthermore, in our series we also evalu-
ated both urinary and serum NGAL values 
as possible helpful markers for CIN develop-
ment. NGAL, a small protein of the lipocal-
in superfamily, expressed by a wide variety 
of tissues, is primarily synthesized in the as-
cending loop of Henle and in the collecting 
ducts. It acts as a growth and differentiating 
factor in renal epithelium, by limiting apop-
tosis and maintaining the tubular structure. 
Raised NGAL concentrations might repre-
sent a physiological or adaptative response 
to injury (21), since it is has a nephropro-
tective effect in the proximal tubule. NGAL 
is rapidly upregulated in kidneys after an 
ischemic or nephrotoxic insult, and lim-
its parenchymal damage (22). For these 
reasons NGAL has been explored as a bio-
marker of acute and chronic kidney injury. 
Both serum and urinary NGAL concentra-
tions have been shown to be good predic-
tors of CIN development in previous several 
studies (4, 23). Bachorzewska-Gajewska and 
colleagues (4) demonstrated in patients with 
stable angina that NGAL levels were sig-
nificantly higher in patients with CIN from 
2 hours after PCI (serum, p<0.005) and 4 
hours (urinary, p<0.005), respectively. In 
another study (23), a significant increase in 
both serum and urinary NGAL occurred 
in patients developing CIN two hours after 
contrast medium administration. However, 
although NGAL is considered a promising 
biomarker for early diagnosis of acute tu-
bular necrosis (24), serum NGAL is already 
elevated in patients with chronic renal dis-
ease, and it rises 6-times less than urinary 
NGAL in cases of renal injury (7).

Furthermore, urinary NGAL remains 
low in patients with pre-renal azotemia or 
normal renal function (25). Urinary NGAL 
is of interest after cardiac surgery; in this 
setting its values resulted in a significant as-

sociation for early diagnosis of acute kidney 
injury (26, 27). Haase et al. (28) analyzed 
data from 191 patients in 3 studies and 
found that when urinary NGAL is measured 
within 6 hours after contrast medium ad-
ministration, it has better sensitivity than 
serum creatinine alone for acute kidney in-
jury detection. Moreover, recent studies and 
a meta- analysis have demonstrated the role 
of serum and urinary NGAL in the predic-
tion of CIN (15, 16, 29-36) and, although 
this biomarker has also been reported to 
have a low sensitivity in predicting CIN in 
specific settings, such as ACS (37), a previ-
ous study also suggested that it can also pre-
dict the severity of CIN (38). 

Despite the positive results of these bio-
markers in predicting CIN in the above 
mentioned studies, in our investigation we 
did not detect any significant association 
between baseline serum and urinary NGAL 
values and their 4 hour variations after con-
trast medium administration and CIN oc-
currence. Our results may have several ex-
planations: first of all, our analysis included 
patients with acute coronary syndromes, a 
condition in which inflammation is present, 
so that in these patients raised serum NGAL 
levels may reflect the degree of inflamma-
tory status (39) due to the acute cardiac dis-
ease more than that of acute kidney injury. 
Accordingly, in our series, we observed that 
baseline values of either serum and urinary 
NGAL were significantly higher in patients 
with a higher neutrophil count, making the 
post-PCIP variations less significant. On 
the contrary, we believe that this biomarker 
could be useful for CIN detection in patients 
with stable coronary artery disease, as previ-
ously reported (4, 23), without other causes 
of acute inflammation, such as urinary tract 
infections or acute exacerbations of obstruc-
tive pulmonary disease, which is not the 
typical population of Cardiac Step Down or 
Intensive Care Units.  
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Though strong evidence has been pro-
vided for the use of NGAL in a variety of 
settings, its route into clinical management 
protocols is still under evaluation (40). 
Moreover, our results are in agreement with 
those of a recent review reporting the “rise 
and fall” of NGAL in acute kidney injury 
(41). In fact, authors conclude that since a 
rise in NGAL was first suggested more than a 
decade ago as a potential biomarker of early 
acute injury, the idea of this marker as a tro-
ponin for the kidneys has been relinquished 
because it also increases unpredictably dur-
ing other chronic and acute inflammatory 
conditions frequently encountered in inten-
sive care settings (41). The availability of as-
says measuring kidney-specific NGAL will 
improve the chance of detecting patients at 
risk of acute kidney injury.

Limitations of study

Our study has also several limitations: first 
of all, a limited number of patients inves-
tigated; and second, the heterogeneity of 
coronary artery disease patients, for whom 
PCIP were performed.

Conclusion

In conclusion, our investigation demon-
strates that in a population of patients admit-
ted to a Cardiac Step-Down Unit and submit-
ted to PCIP, neither baseline serum and uri-
nary NGAL nor their variations after PCIP 
are useful for an early diagnosis of CIN. In 
particular, the use of this biomarker to detect 
CIN is limited in ACS patients, due to its in-
ability at discriminating between inflamma-
tory injury associated with CIN development 
or with the acute cardiac disease per se. On 
the contrary, in our observation, CysC re-
sulted in an association with CIN occurrence 
earlier than creatinine and eGFR variations, 
even though further research in this area is 
needed, given the limitations of this study. 

What is already known on this topic
Contrast induced nephropathy (CIN) is a common and serious 
complication in patients undergoing percutaneous coronary 
invasive procedures (PCIP). Serum creatinine is poorly sensi-
tive for CIN detection and its variations are not useful for an 
early diagnosis of this complication. Recent research has been 
addressed at finding novel, more sensitive, biomarkers for an 
earlier diagnosis of CIN; among them, Neutrophil Gelatinase-
Associated Lipocalin (NGAL) and Cystatin C (CysC) have 
been explored but with conflicting results.

What this study adds
In this study, neither baseline serum and urinary NGAL nor 
their variations after PCIP were related to CIN occurrence, 
while CysC results were associated with CIN development, 
earlier than creatinine and estimated glomerular filtration rate 
variations. Moreover, NGAL values results were significantly 
associated with markers of acute inflammation, suggesting that 
this biomarker could be useful for CIN detection in patients 
with stable coronary artery disease, or when no other causes of 
acute inflammation are present.
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Introduction

The mental foramen (MF) is a funnel-like 
opening in the lateral surface of the man-
dible at the terminus of the mental canal 
(1). The mandibular nerve exits the mental 
foramen along with the mental vessels, pro-
viding both innervation and blood supply to 
the lower lip, the gingiva on the ipsilateral 
side anterior to the first molar, and the buc-
cal vestibule (2). The MF is a significant and 
vital landmark in the mandible during rou-
tine clinical and diagnostic procedures, such 
as mental nerve block and other osteotomy 
procedures. It is also a very important struc-
ture for evaluation of the maturity of the 

lower jaw, placement of implants, remodel-
ling activity of the bone and, more impor-
tantly, the paleoanthropological features of 
the lower jaw in a range of ethnic groups (3).

Due to its position, it is difficult to evalu-
ate the position of the MF clinically. Radio-
graphically the MF is appreciated as a round 
or oval radiolucent area in the inferior part 
of the body of the mandible on both sides 
(4). Due to the oblique path of the mental 
canal, it is difficult to identify the MF con-
sistently on intra oral radiography. Pan-
oramic radiographs are the most commonly 
used extraoral radiographic aids in dentistry 
since they provide a rapid and wide picture 
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Objective. The aim of the study was to determine and compare the 
position of the mental foramen MF in the north and south Indian 
populations using Panoramic radiographs. Materials and methods. 
A total of 100 Panoramic radiographs were selected from the archives 
of  PMNM Dental College and the Department of Oral Medicine and 
Radiology, of which 50 radiographs belonged to a north Indian popu-
lation and 50 radiographs belonged to a local population of Bagalkot 
Karnataka. The position of the MF was classified into 6 positions de-
pending on the relationship to the mandibular teeth. The distance 
from the superior border of the MF to the lower border of the man-
dible was also measured. Results. The most common position of the 
MF was along the long axis of the second premolar in the north In-
dian population and in south Indian populations it was found to be 
between the first and second premolar. Descriptive analysis was used 
to compare the distance between the superior border of the mental 
foramen and the lower border of the mandible bilaterally. Conclusion. 
There was a significant difference in the position of the MF between 
the north and south Indian populations.
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of both the mandible and the maxilla. This 
technique allows the more accurate localiza-
tion of the MF (5). The location of the MF 
may change with age. In childhood it is lo-
cated between the primary canine and the 
1st molar, whereas in the edentulous jaw, it 
is nearer to the upper border of the man-
dible due to bone resorption. (6). The posi-
tion of the MF  varies not only with age, sex 
and ethnicity, but even within the same race 
in different topographic regions, and within 
the same population in the same geographic 
location (1, 5, 7-9). 

The purpose of the present study was to 
determine and compare the position of the 
MF in north and south Indian sub popula-
tions, using an orthopantomogram (OPG).

Materials and methods

The study was conducted at the Department 
of Oral Medicine and Radiology, Parvatha 
Gowda Mallanagouda Nadagouda Memo-
rial Dental College and Hospital, from the 
demographic data and radiographs of pa-
tients who had visited the college for vari-
ous dental treatments. A total of 2648 OPGs 
were examined between 2013 and 2015, and 
100 radiographs were selected, of which 50 
radiographs belonged to the north Indian 

population and 50 radiographs belonged to 
the local population of Bagalkot Karnataka. 
All the radiographs were taken using a Ko-
dak 8000C (tube voltage 60-90 kV, tube cur-
rent 2-15 mA, tube focal spot 0.5 mm, total 
filtration >2.5 mm eq. Al with exposure time 
of 4-14 seconds). Two oral radiologists were 
asked to analyse the radiographs, who were 
blinded about the study. Institutional ethical 
clearance was obtained. Inclusion criteria:  
1. Bilateral presence of a mental foramen 
which could be clearly identified on the ra-
diograph; 2. Presence of all the teeth in the 
mandible between the right second and left 
second molars; 3. Patients aged 16-45 years; 
4. Absence of crowding of the mandibular 
premolar and canine area. Exclusion criteria: 
1. Patients with periodontal problems such 
as mobility of the posterior teeth, supra-
eruption and bone loss; 2. Periapical lesions 
in the mandible; 3. Patient who are taking/
had undergone orthodontic treatment; 4. 
Patients who have undergone maxillofacial 
surgery of the mandible; 5. Radiographs 
with impacted or mixed dentition; 6. Poor 
quality of radiograph. 7. Supra-eruption or 
pathological migration of mandibular teeth.

The position of the MF on the OPG was 
classified as per the criteria given by Al Jass-
er NM, Nwoku AL (10-12). Position 1: MF 

Naveen Srinivas et al.: Mental foramen in Indian populations

Figure 1 Orthopantomogram showing the distance between the superior border of the mental foramen to the 
inferior border of the mandible.
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situated anterior to the first premolar tooth; 
Position 2:  MF situated in line with the long 
axis of the first premolar tooth; Position 3: 
MF situated between the apices of the first 
and second premolar teeth; Position 4:  MF 
situated in line with the long axis of the sec-
ond premolar tooth; Position 5: MF situated 
between the apices of the second premolar 
and first molar teeth.; Position 6:  MF situ-
ated in line with the long what the first mo-
lar tooth. 

The vertical position of the MF was mea-
sured in millimetres with reference to the 
lower border of the mandible, using Kodak 
dental imaging software 6.12.11.0, from the 
superior border of the mental foramen on 
either side, to the lower border of the man-
dible (Figure 1).

Statistical analysis

Descriptive statistics was used to measure 
the percentages with respect to the posi-
tion of MF in both north and south Indian 
populations. An independent t test was done 
to compare the mean value of the superior 
border of the mental foramen to the lower 
border of the mandible in both north and 
south Indian populations on both the left 
and right sides of the mandible.

Results

Table 1 shows the percentages with respect 
to the position of the MF in both north and 
south Indian populations. Position 4 was the 
most common, followed by position 3, with 
58% and 18% respectively in the north In-
dian population. In the south Indian popu-
lation position 3 was most common, with 
62%, followed by position 4, with 24%.

Table 2 shows the comparison of the 
mean value of the superior border of the MF 
to the lower border of the mandible on the 
left side, giving a mean value of 1.32 and a 
standard deviation of 2.00 w.r.t with respect 
to the south Indian population, and a mean 
value of 1.07 and a standard deviation of 
2.64 w.r.t with respect to the north Indian 
population, which is a highly significant dif-
ference, with a p value of <0.001. Similarly, 
Table 2 gives a mean value of 1.27 with a 
standard deviation of 2.51 w.r.t with respect 
to the south Indian population, and a mean 
value of 1.02 and a standard deviation of 
2.55 w.r.t with respect to the north Indian 
population, which is a highly significant dif-
ference with a p value of <0.001 on the right 
side.

Table 3 shows statistical analysis using an 
independent t test for comparison of mean 

Table 1 Position of the mental foramen on Orthopantomograms

Position of mental foramen
Cases out of 50 
in north Indian 
population (n)

% of north 
Indian 
population  

Cases out of 50 
in south Indian 
population (n)

% of south 
Indian 
population  

MF situated anterior to the first premolar tooth 3 6 1 2

MF situated in line with the long axis of the first 
premolar tooth

8 16 1 2

MF situated between the apices of the first and second 
premolar teeth

9 18 31 62

MF situated in line with the long axis of the second 
premolar tooth

29 58 12 24

MF situated between the apices of the second premolar 
and first molar teeth

0 0 5 10

MF situated in line with the long axis of the first molar 
tooth

1 2 0 0

MF=Mental foramen.
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value of the superior border of the mental 
foramen to the lower border of the mandible 
in north and south Indian population on the 
left side, with Levenes’s test for Equality of 
Variances. A significant difference was seen, 
with a mean difference of 2.49 and p value 
of 0.01. 

Table 4 shows analysis using an indepen-
dent t test for comparison of the mean value 
of the superior border of the mental fora-
men to the lower border of the mandible in 
north and south Indian populations on the 
right side with Levenes’s test for Equality of 
Variances. A significant difference was seen, 
with a mean difference of 2.51 and p value 
of 0.36.

Discussion 

The present study is in accordance with sim-
ilar studies conducted in Rajasthan, in the 
north-eastern states of India (13), Gujurath 
(14), and Kashmir (15) which are states in 
the northern part of India. The most com-
mon position in the south Indian popula-
tion was position 3, situated between the 
apices of the first and second premolar teeth, 

Naveen Srinivas et al.: Mental foramen in Indian populations

Table 2 The distance from the superior border of the 
MF to the lower border of the mandible in north and 
south Indian populations, on the left and right sides

Area Radiograph 
(n)

Distance (mm)* 

Left side 
(Mean±SD)

Right side 
(Mean±SD)

South 
Indian

50 1.32±2.00† 1.27÷2.51†

North 
Indian

50 1.07±2.64 1.02±2.55

*Between the superior border of the mental foramen and the lower 
border of the mandible.

Table 3 Comparison of the mean value of the superior border of the mental foramen to the lower border of 
the mandible in north and south Indian populations on the left side

Levene’s test for 
equality of variances t-test for equality of means

F Sig.* t Df Sig. 
(2-tailed)*

Mean 
difference

Std. error 
difference

95% CI† of the 
difference

Lower Upper

LTSL‡ 6.38 0.01 5.3 98 0.000 2.49 0.46 1.55 3.42

LTSL§ - - 5.3 91.3 0.000 2.49 0.46 1.55 3.42

*Independent Samples Test (p value); †Confidence Interval; LTSL=Distance from the left side superior border of the mental foramen to the lower 
border of the mandible (‡Equal variances assumed;n§Equal variances not assumed).

Table 4 Comparison of the mean value of the superior border of the mental foramen to the lower border of 
the mandible in north and south Indian populations on the right side.

Levene’s test for 
equality of variances t-test for equality of means

F Sig.* t Df Sig (2-tailed)* Mean 
difference

Std. error 
difference

95% CI† of the 
difference

Lower Upper

RTSL‡ 0.84 0.84 0.36 4.96 98 0.000 2.51 0.50 1.51

RTSL§ - - 4.96 97.97 0.000 2.51 0.5 1.51 3.52

*Independent Samples Test (p value); †Confidence Interval; RTSL=Distance from the right side superior border of mental foramen to the lower 
border of mandible (‡Equal variances assumed; §Equal variances not assumed).
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seen in 62% of cases. The results obtained 
are analogous to the studies performed in 
the southern states of India (11, 16, 17). The 
present study also added another parameter, 
i.e. the distance between the superior bor-
der of the MF and the lower border of the 
mandible bilaterally. The results showed that 
there was a significant difference between 
the measurements, giving a mean value of 
on 1.27 and 1.02 and a SD of 2.51 and 2.55 
for the south and north Indian populations 
respectively, on the right side. Similarly 
a mean value of 1.32 and 1.07 and a SD of 
2.00 and 2.64 for the south and north Indian 
populations, respectively, was found on the 
left side. This indicated that the mental fora-
men was closer to the lower border of the 
mandible in the north Indian population. 

The reason for the difference in the mor-
phological alterations in the position of the 
MF may be attributed to the different ethnic 
origins. Aryans who migrated to India from 
central Asia constitute the north Indian 
population while Dravidians constitute the 
local south Indian population (18).  Another 
reason may be the differences in diet and cli-
mate, which influence body height and cra-
niofacial variability (19). It was noted from 
the results of our study that there is a signifi-
cant difference in the position of the MF in 
the two study cohorts.  The results may be 
used as a unique identification landmark in 
cases of mass disaster, forensics, and anthro-
pological studies. Furthermore, they may be 
helpful in various dental procedures, such 
as nerve block, implant placement, and or-
thognathic surgeries.

Limitations of the study

The sample size was small considering the 
duration of the study which was 2 years, due 
to the smaller inflow of the north Indian 
population, as our institution is situated in 
the southern part of India. The other limi-
tation of the study is that the magnification 

of the OPG was not taken into consider-
ation. Hence a definite conclusion cannot be 
drawn.  

Conclusion

The most common position of the MF in the 
south Indian population was between the 
two mandibular premolars, and in the north 
Indian population it was below the long axis 
of the second mandibular premolar, so there 
was a significant difference in the distance 
between the superior border of the MF and 
the lower border of the mandible bilaterally 
between the two populations.

What is already known on this topic
The mental foramen is a prominent radiographic landmark in 
the lower jaw, where the mandibular nerve exits the mandible 
and supplies the anterior teeth and the soft tissues. There have 
been various studies conducted by different authors regarding 
the position of the mental foramen with respect to mandibu-
lar pre-molars and molars, along with its location in different 
populations.   However, no comparison of the position of the 
mental foramen between two different ethnic groups has been 
attempted before. 

What this study adds
In the present study we attempted to find the relationship be-
tween the position of the mental foramen between the north 
and south Indian populations. We speculated that in the south 
Indian population the most common position of the mental 
foramen was between the two mandibular premolars, and in 
the north Indian population it was below the long axis of the 
second mandibular premolar. We also added a new parameter, 
which is the distance between the superior border of the mental 
foramen and lower border of the mandible, whereby it was cal-
culated that the mental foramen was closer to the lower border 
in the north Indian population. 
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Introduction

The introduction of targeted temperature management 
(TTM) in patients after out-of-hospital cardiac arrest 
(OHCA) is one of the most important clinical advance-
ments in the field of resuscitation. The American Heart 
Association issued a Guidelines update in 2015 for car-
diopulmonary resuscitation and emergency cardiovascu-
lar care, recommending that all comatose adult patients 
with return of spontaneous circulation (ROSC) after car-
diac arrest should be treated with TTM, and the target 
temperature of 32°-36°C maintained constantly for at 

least 24 hours (1). Although this practice is 
now widely used in the developed world, the 
developing countries have lagged behind in 
use of this practice, including Bosnia and 
Herzegovina. 

We present three young patients who ex-
perienced OHCA and who were managed 
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Objective. We present the use of targeted temperature management 
in a tertiary-level intensive care unit, in three patients who experi-
enced an out-of-hospital cardiac arrest.  Case report. Three young pa-
tients experienced an out-of-hospital non-coronary cardiac arrest. The 
causes of the cardiac arrest were: Wolf-Parkinson-White syndrome, 
drug overdose and long-QT syndrome. All patients were resuscitated 
according to the advanced cardiac life support guidelines, and treated 
with targeted temperature management, with a target temperature of 
33°C for 24 hours. After completion of targeted temperature manage-
ment, all the patients regained full consciousness and were discharged 
from hospital without any neurological sequelae. Conclusion. Target-
ed temperature management may improve survival and neurological 
outcome in patients after out-of-hospital cardiac arrest.

with TTM with a target temperature of 33oC 
in a tertiary-level intensive care unit. 

Case report I 

A 24-year-old man collapsed during a uni-
versity lecture and his friends immediately 
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started bystander resuscitation. He was un-
conscious, pulseless, and ventricular fibrilla-
tion (VF) was established by the emergency 
medical services, which arrived 6 minutes 
later. The advanced cardiac life support 
guidelines were followed, with cardiopul-
monary resuscitation (CPR) continuously 
performed and two defibrillations, fol-
lowed by IV adrenaline and amiodarone, 
which resulted in ROSC after 25 minutes. 
The patient was hospitalized at the Medi-
cal Intensive Care Unit (MICU). Physical 
examination showed coma with a Glasgow 
coma scale (GCS) score of 6/15 (e1, v1, m3), 
and blood pressure (BP) 113/54 mmHg. 
Electrocardiogram (ECG) showed a sinus 
rhythm with a ventricular rate of 92 bpm, 
short PR interval and delta wave, without 
signs of acute ischemia or myocardial lesion. 
He was sedated and placed on mechanical 
ventilation. He was treated with cold IV sa-
line, proton pump inhibitor and anticoagu-
lant. Two hours after the OHCA, TTM was 
started using the Arctic Sun® Temperature 
Management System (Model 2000, Mediv-
ance Inc., USA) with a target temperature of 
33oC achieved 4 hours after ROSC. Analgo-
sedation was achieved by IV midazolam 
and fentanyl infusion, and vecuronium was 
used for neuromuscular blockade. Labora-
tory data revealed elevated creatinine kinase 
675 U/L, aspartate aminotransferase 66 U/L, 
alanine aminotransferase 84 U/L, troponin 
0.243 ng/mL and D- dimer 4.0 mg/L. Twelve 
hours after admission, the serum troponin 
level increased to 1.590 ng/ml. On the sec-
ond day following admission, after comple-
tion of TTM and cessation of sedatives, he 
regained consciousness and was successfully 
extubated. Heart ultrasound showed a mor-
phologically and functionally normal heart. 
He was transferred to the Clinic of Heart 
Disease for further evaluation of suspected 
Wolff–Parkinson–White syndrome. He was 
released from the hospital fully recovered. 

At a recent follow-up, he was completing his 
Master’s degree in History.

Case report II

A 26-year-old man was found unconscious 
in his bedroom on the morning after a party. 
He was taken by car to the nearest medical 
practice. He was unconscious and pulse-
less, without spontaneous respiration. ECG 
showed VF. Cardiopulmonary resuscitation 
was immediately commenced with chest-
compressions, intubation, IV adrenaline, 
amiodarone, naloxone and four defibrilla-
tions, which resulted in ROSC after 35 min-
utes. He was hospitalized at the MICU. Phys-
ical examination showed deep coma with 
GCS 3/15 (e1, v1, m1). ECG showed sinus 
rhythm with a ventricular rate of 80 bpm, 
and no signs of acute myocardial ischemia. 
Thoracic CT scan showed signs of aspiration 
pneumonia. Toxicology results were posi-
tive for amphetamines and cannabinoids, 
making a drug overdose the most probable 
cause of cardiac arrest. After admission he 
was sedated and placed on mechanical ven-
tilation. He was treated with cold IV saline, 
antibiotics, proton pump inhibitor and an-
ticoagulant. Three hours after cardiac ar-
rest, TTM was started using the Arctic Sun® 
Temperature Management System (Model 
2000, Medivance Inc., USA) with a target 
temperature of 33oC which was achieved 6 
hours after ROSC. On the second day, after 
completion of TTM and cessation of seda-
tives, he regained full consciousness. Aspira-
tion pneumonia was treated with antibiot-
ics. After conservative treatment, he recov-
ered fully and was released from hospital. At 
a recent follow-up, his sister reported that he 
was in good health, but she suspected that 
he was still abusing drugs, and he was there-
fore referred to the Drug and Alcoholism 
Rehabilitation Center.

Amina Godinjak et al. : Targeted temperature management after OHCA
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Case report III

A 23-year-old woman collapsed during a 
dinner with friends. She was unconscious, 
with no pulse or respiration. Her friends im-
mediately started resuscitation and called 
the EMS, which arrived 10 minutes later. 
ECG showed VF. The advanced cardiac life 
support recommendations were followed, 
with continuous CPR and one defibrilla-
tion, adrenaline and amiodarone, which 
resulted in ROSC after 15 minutes. She was 
admitted to the MICU. Physical examina-
tion showed coma with GCS 4/15 (e2, v1, 
m1). ECG showed sinus rhythm with HR 93 
bpm, prolonged QT interval and ventricular 
extra-systoles (bigeminy). Immediately after 
admission, she was sedated and placed on 
mechanical ventilation. She was treated with 
cold IV saline, antibiotics, continuous anti-
arrhythmic and anticoagulant. Two hours 
after ROSC, TTM was started using the 
Arctic Sun® Temperature Management Sys-
tem and the target temperature of 33oC was 
achieved 6 hours after ROSC. Analgo-seda-
tion was achieved by continuous IV mid-
azolam and fentanyl infusion. Laboratory 
data revealed elevated lactate, 7.4 mmol/L, 
leucocyte count 18.5 x 109/L, CK 220 U/L, 
LDH 387 U/L, AST 51 U/L, ALT 51 U/L, and 
decreased potassium, 2.8 mmol/L On the 
second day she regained consciousness. She 
had no neurological deficit and was trans-
ferred to the Clinic for Heart Disease, where 
the diagnosis of long-QT syndrome was es-
tablished. She was referred for implantation 
of an internal cardioverter defibrillator. At a 
recent follow up, her brother reported that 
she was on a trip overseas, fully recovered.

Discussion

Sudden cardiac arrest occurs in 250,000-
300,000 people in Europe every year (2). 
Survival in patients with out-of-hospital car-
diac arrest is less than 15%, while survival 

with in-hospital cardiac arrest is approxi-
mately 22% (3, 4). Only 5-35% of them leave 
the hospital alive, with some degree of neu-
rological impairment (5). Seventy percent of 
all OHCA are due to coronary heart disease. 
A further 10% are caused by structural heart 
disease (e.g. hypertrophic cardiomyopathy) 
(6), and 5% to 10% are due to arrhythmic 
causes, in the absence of structural heart 
disease. In the absence of structural or elec-
trophysiological abnormality, these entities 
are termed as primary electrical disease (7). 
Fifteen to 25% of OHCA are non-cardiac in 
origin (8). 

The benefits of TTM have been summa-
rized in a systematic review and meta-analy-
sis of six randomized trials (9). According to 
this review, patients treated with TTM were 
more likely to survive than patients whose 
temperature was not managed with TTM. 

However, TTM is is associated with a 
number of adverse effects and complica-
tions. The main adverse effects reported are: 
shivering, seizures, bradycardia, tachyar-
rhythmia, pneumonia, sepsis, coagulopathy, 
electrolyte and metabolic disturbances (10). 
All three of our patients experienced bra-
dycardia with heart rate as low as 40 bpm. 
Recently, bradycardia during the cooling 
phase of TTM has been suggested to be a 
predictor of favorable outcome (11). Also, 
two patients in our case study experienced 
hyperglycemia during the cooling phase. 
Hypothermia leads to metabolic rate de-
cline, reduces endogenous insulin secretion, 
induces insulin resistance and alters blood 
glucose homeostasis (12). Hyperglycemia is 
a part of the natural response to hypother-
mia and is regarded as being safer than the 
occurrence of hypoglycemia. Our patients 
experienced transient hypokalemia, which 
was appropriately treated. Hypokalemia 
during TTM was not associated with poor 
outcome, as reported in previous studies 
(13). Shivering was observed in one patient 
and was managed by the use of neuromus-
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cular blockade.  The lack of major adverse 
effects of TTM may be explained by the fact 
that our patients were young individuals 
without comorbidities, and this may be a 
limitation of our study.

Only a decade ago, a minority of resus-
citated patients were treated with TTM in 
both American and European intensive care 
units (14). Ten years ago, TTM was utilized 
in only 38% of departments treating patients 
after OHCA in Germany (15). Although in 
recent years there have been major improve-
ments in the use of TTM, this practice is still 
not widely used in developing countries due 
to limited financial resources and a lack of 
awareness of this treatment method. A pre-
vious study showed that 15% of health care 
professionals in developing countries have 
used TTM in comatose survivors after car-
diac arrrest (16).

Before our MICU was equipped with the 
proper cooling system, alternative cooling 
methods (cold IV fluids and surface cooling 
with ice packs, wet blankets and a cooling 
fan) were utilized, which should encourage 
other health care professionals in intensive 
care units with limited resources in Bosnia 
and Herzegovina and further afield to start 
using this treatment option.

Conclusion

Sudden cardiac arrest is one of the most 
unexpected, dramatic, and life-threatening 
events in medicine. In this paper, we have 
presented three young patients experienc-
ing non-coronary OHCA. The causes of 
cardiac arrest were: Wolf-Parkinson-White 
syndrome, drug overdose and long-QT 
syndrome. All patients were resuscitated 
according to the advanced cardiac life sup-
port guidelines. They were admitted to the 
medical intensive care unit, and treated with 
TTM, with a target temperature between 
32°C and 36°C, which was maintained con-
stantly for 24 hours. After completion of 

TTM all patients regained full consciousness 
and were discharged from hospital without 
any neurological sequelae. This report fur-
ther demonstrates the feasibility of TTM in 
limited resource settings, and should en-
courage other intensive care units in Bosnia 
and Herzegovina and further afield to use 
TTM in adult patients after OHCA, because 
it is technically feasible in developing coun-
tries. 

What is already known on this topic
Targeted temperature management is one of the most impor-
tant clinical advancements in the field of resuscitation. The 
incidence of a neurologically good outcome is remarkably 
improved with this method in selected patients, after out-of-
hospital cardiac arrest.

What this study adds
Although targeted temperature management is widely used in 
medical and coronary intensive care units in developed coun-
tries, this practice is still not widely used in developing coun-
tries. This is the first case report describing the use of targeted 
temperature management in patients after cardiac arrest in 
Bosnia and Herzegovina. When OHCA occurs in younger 
patients, we must diligently search for less frequent causes of 
cardiac arrest in the absence of structural heart disease.
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Introduction

Extravasation of intravenously infused vesi-
cant solutions is a common problem in medi-
cal practice, which can lead to severe and pro-
gressive tissue dysfunction, ranging from per-
sistent tissue oedema and fibrosis to delayed 
tissue necrosis (1, 2). Acyclovir is a known 
vesicant medication administrated in paediat-
ric patients, which appears to irritate venous 
and soft tissue if extravasated (3, 4). We report 
here the first case involving extravasation of 
intravenous (IV) acyclovir in a female adoles-
cent patient, which caused tissue necrosis and 
left behind a residual scar lesion. 

Case presentation

A 14-year-old female patient was admitted 
to our hospital for a two-day-long fever and 

headache. On admission, her general condi-
tion was affected and the patient appeared 
drowsy. Her temperature reached 37.9°C. A 
neurological examination revealed neck ri-
gidity with negative Kerning and Brudzinski 
signs, while a further physical examination 
revealed no remarkable findings. A lumbar 
puncture revealed clear cerebrospinal fluid 
with 15 leucocytes/mm3 (40% polymorphs 
and 60% lymphocytes). The levels of glucose 
and protein in the cerebral vascular fluid 
were within normal limits. A cerebrospinal 
fluid (CSF) specimen was cultured for com-
mon bacterial pathogens of the central ner-
vous system (CNS), and it was also exam-
ined by PCR for common bacterial and viral 
pathogens (including Herpes Simplex Virus 
(HSV1 and HSV2) of CNS.

Haemoglobin, total leukocyte count, C-
reactive protein, ESR, serum electrolytes, 
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Objective. Extravasation of intravenously infused vesicant solutions is 
a common problem in medical practice, which can lead to severe and 
progressive tissue dysfunction, ranging from persistent tissue oedema 
and fibrosis to delayed tissue necrosis. Acyclovir is a known vesicant 
medication administrated in paediatric patients, which appears to ir-
ritate venous and soft tissue if extravasated. Case report. We present 
the first case involving the extravasation of intravenously infused acy-
clovir in a female adolescent patient, which caused tissue necrosis and 
left behind a residual scar lesion. Nursing and medical staff should be 
aware of the potential dermatological side effects of intravenously in-
fused acyclovir and other medications, even a long time after infusion, 
and the possible lack of initial local symptoms and signs. Conclusion. 
Early recognition of extravasation and prompt management are criti-
cal in preventing further morbidity, and optimizing outcomes.
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and renal and liver function tests were 
within normal limits. Due to the initial al-
tered mental status, fever and increased CSF 
leucocyte count, HSV meningoencephalitis 
was considered as possible; as such, empiri-
cal therapy with IV acyclovir was started. 
Acyclovir (30 mg/kg/24 h in three divided 
doses) was administered in 100 mL of 0.9% 
sodium chloride as hourly IV infusions. 

Venous access was placed on the right 
forearm. Before infusion, the area around 
the catheter was routinely checked for in-
flammation or signs of infection. On the 
fifth day, 10 min after acyclovir administra-
tion, the patient complained of mild burn-
ing at the catheter insertion site. The IV line 
was checked and, due to the lack of patency, 
the infusion was interrupted. It was un-
known how long the IV line had not been 
patent. However, the patient showed no 
complaints or local symptoms, which sug-
gested inflammation until the moment that 
a mild sensation of burning was indicated. A 
painless 0.5×0.5 cm large bullous lesion was 
observed, with regular boundaries in the 
area around the catheter and along the tract 

of the vein. The bulla was not surrounded by 
erythema or induration. 

The bullous lesion was opened and serous 
fluid was drained by plastic surgeons. An ex-
amination of the underlying tissue revealed 
skin breakdown and necrosis (dark black 
colour) (Figure 1). We opted for non-surgi-
cal treatment. The patient underwent 72 h of 
close observation with compartment checks, 
topical antiseptic and antibiotic treatment. 
Despite the fact that both the PCR results in 
CFS and the results of the cultures were neg-
ative, the therapy with acyclovir was contin-
ued because the HSV PCR test can result in 
false negatives, particularly among children, 
and early on in the course of disease (5). For 
the remaining nine days of treatment, IV 
acyclovir was infused through venous access 
on the other hand. After discharge from the 
hospital, the patient returned for a follow-up 
one month later. Initial evaluation revealed 
a residual scar at the area of the initial skin 
lesion, although the patient was completely 
asymptomatic. At the patient’s request, a scar 
revision for aesthetic reasons was scheduled. 

Figure 1 Tissue necrosis following extravasation of acyclovir.
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Discussion

The reported dermatological adverse effects 
of acyclovir, including erythema, inflamma-
tion and phlebitis at the injection site, oc-
cur in ≤16% of patients (6). The solution is 
highly alkaline (pH of 11, osmolality of 278 
mOsm/kg), which means that extravasation 
may cause significant tissue damage (4).

In the literature, only three cases of ex-
travasation of IV acyclovir have been re-
ported so far (1, 3, 4). De Souza and Shibu 
reported a 51-year-old insulin-dependent 
diabetic man, who presented with cellulitis 
and lymphatic oedema over the prior site 
of extravasation three months after infu-
sion. Meanwhile, Sarica reported the case of 
a 14-year-old girl with acute lymphoblastic 
leukaemia who was given IV acyclovir for 
chicken pox. On the 33rd day of remission 
induction, the infusion extravasated and a 
local bullous cutaneous eruption occurred 
approximately 10 cm distal to the site of ve-
nepuncture. The bullous eruption subsided 
in eight hours and completely resolved, with 
a residual scar, in 24 hours. Lau and Lee re-
ported on a 55-year-old male with suspected 
herpes simplex encephalitis and known HIV 
who was treated with IV acyclovir. A diffuse 
swelling, which was firm but compressible, 
of the right hand was noticed on the second 
day in hospital following extravasation of 
150 mL of IV acyclovir (1). In all case re-
ports, treatment was non-operative with 
compression garments and physical therapy 
(4), cold compresses and arm elevation in a 
skyhook (1), or observation (3). Additional-
ly, in previous cases, no apparent skin break-
down or necrosis was noted. 

Our report presents the first case of IV 
acyclovir extravasation in an immunocom-
petent female adolescent, which caused tis-
sue necrosis and left a residual scar. Similar 
to the patients discussed above, we believe 
that tissue necrosis occurred in our case be-
cause of the alkalinity of the extravasated 

solution, resulting in local chemical inflam-
mation and tissue damage. However, extrav-
asation of IV medications usually presents 
as local swelling, erythema and pain. Only 
in severe cases or in patients presenting or 
referring late in time has serious injury in-
cluding tissue necrosis and compartment 
syndrome been observed (4).

In contrast to previous patients, our pa-
tient was diagnosed with tissue necrosis 
without presenting any other symptom (pain 
or burning) or findings (swelling) early on 
in the course of tissue damage. The patient 
only complained about mild burning at the 
time when tissue necrosis was diagnosed. 
We believe that the lack of such symptoms 
and findings early on in the course of tissue 
damage was the main reason for the delay 
in diagnosis and subsequent severe tissue 
damage. De Souza and Shibu suggested that 
diabetic neuropathy was the reason why 
their patient did not experience any pain 
connected with the extravasation injury. In 
our patient, there was no obvious reason to 
explain the lack of symptoms related to the 
extravasation injury.

We urge medical staff to consider the 
potential dermatological side effects of vesi-
cant medications, which include blistering, 
sloughing of the skin and varying degrees of 
localized tissue damage when they inadver-
tently leak into the tissue. Extravasation of 
acyclovir may also cause late complications, 
such as persistent lymphatic oedema, cellu-
litis, tissue fibrosis and necrosis. Extravasa-
tion of vesicant medications is thus a medi-
cal emergency. 

Conclusion

Extravasation of vesicant medication, a 
common incident in medical practice, can 
cause severe tissue dysfunction. Nursing 
and medical staff should consider the po-
tential dermatological side effects of IV acy-
clovir (even a long time after infusion) and 

Neocleous Charalambos et al.: Acyclovir extravasation
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the possible lack of initial local symptoms 
after the extravasation. Early recognition of 
extravasation and prompt management are 
critical in preventing further morbidity and 
optimizing outcomes.

What is already known on this topic
Acyclovir is a known vesicant medication administrated in 
paediatric patients, which appears to irritate venous and soft 
tissue if extravasated. However, only three patients with ex-
travasation of IV acyclovir have been reported so far. In these 
case reports, no apparent skin breakdown or necrosis was not-
ed, while the treatment was non-operative. 

What this study adds
We present the first patient with extravasation of IV acyclovir, 
which caused tissue necrosis and left behind a residual scar. In 
contrast to the previously reported patients, our patient was 
diagnosed with tissue necrosis without any other symptoms 
or findings early on in the course of tissue damage. It is thus 
important to remain vigilant at the time of the IV administra-
tion of vesicant medications in children. Early recognition of 
extravasation and prompt management could prevent further 
morbidity and optimize outcomes.
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Introduction

Central retinal vein occlusion (CRVO) is 
a retinal vascular disorder and a cause of 
painless visual loss, which is the second 
most common cause of decreased visual 
acuity after diabetic retinopathy. The clini-
cal manifestations of CRVO are related to 
venous congestion, which leads to optic disc 
swelling, widespread intra-retinal hemor-
rhage, macular edema, and ischemia (1). 
Macular edema is the most common cause 
of decreased vision in patients with CRVO 
(2). Risk factors for CRVO found in previous 

clinical and epidemiologic studies include: 
age, arterial hypertension, diabetes mel-
litus, glaucoma, high intraocular pressure, 
and acquired or congenital coagulopathies 
(Homocysteinemia, anticardiolipin and an-
tiphospholipid syndromes, factor V Leiden, 
protein S and protein C mutations). Some 
studies also have reported coronary artery 
disease and kidney disease as risk factors (3, 
4). The exact pathogenesis of the thrombotic 
occlusion of the central retinal vein is not 
known. Various local and systemic factors 
play a role in the pathological closure of the 
central retinal vein. 
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Objective. The aim of this study is to report a case of central retinal 
vein occlusion (CRVO) after coronary artery bypass graft (CABG) 
surgery. In this report, we present the third case in the literature with 
CRVO after cardiopulmonary bypass (CPB), and the first case after 
CABG. Case Report. A 59-year-old male patient complaining of chest 
pain was admitted to our hospital. The patient underwent an elective 
coronary angiography and was diagnosed with three-vessel coronary 
artery disease. An uneventful coronary artery bypass graft operation 
was performed using CPB. On the second postoperative day, the pa-
tient described blurring and decreased vision in his left eye, whereas 
the right eye was normal. The anterior-posterior segment was exam-
ined by an ophthalmologist who diagnosed central retinal vein occlu-
sion, using a visual acuity test, fundoscopy. After 5 months of treat-
ment, there has been no improvement in the patient’s visual acuity. 
Conclusion. As two previous case reports indicated CRVO can be a 
rare complication after CPB, this study demonstrated that CRVO can 
also be a complication of CABG. Therefore, CRVO should always be 
considered as a potential complication after cardiac surgery. 
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Cardiopulmonary bypass during cardiac 
surgery is an important procedure which 
effects coagulation. There are some compli-
cations of cardiopulmonary bypass result-
ing from impaired coagulation cascade, in-
cluding cerebrovascular accidents, periph-
eral embolism, renal vein thrombosis and 
CRVO. The relationship between cardiac 
surgery and central retinal vein occlusion 
has been previously documented. Fosnat 
et al. (5) reported a patient who developed 
CRVO immediately following extensive car-
diac surgery including aortic valve, aortic 
root, and proximal aortic arch replacements, 
as well as coronary artery bypass grafts. Also, 
no certain method has been found so far to 
treat this morbidity. 

In this diagnostic case report, we present 
the third case of CRVO after cardiopulmo-
nary bypass, and the first one after coronary 
artery bypass grafting (CABG) surgery.

Case report

A 59-year-old male patient complaining of 
chest pain was admitted to our hospital. He 
was under medication for hypertension and 
type II diabetes mellitus. His blood pressure 
and blood glucose levels were within normal 
ranges. A treadmill stress test was carried 
out. Chest pain and ST segment changes 

were determined by the ECG, so the test 
was ended. Cardiac enzyme tests were nega-
tive. The patient underwent elective coro-
nary angiography and was diagnosed with 
three-vessel coronary artery disease. We 
performed coronary artery bypass grafting 
surgery, including left anterior, circumflex 
and right coronary arteries. Massive bleed-
ing was observed from chest tubes (1500 cc 
in total) in the early postoperative hours, so 
we operated on the patient again to locate 
the source, but no surgical bleeding spot was 
detected. In the meantime, we transfused 
two units of fresh blood, erythrocyte sus-
pension and fresh frozen plasma. After the 
second intervention, no significant bleeding 
was observed and the patient was extubated 
on the same day.

On the second postoperative day, the 
patient described blurring and decreased vi-
sion in his left eye. The patient was then ex-
amined by an ophthalmologist and on exam-
ination the best corrected visual acuity was 
logMAR 1.0 (OD) and 0.8 logMAR (OS). 
Anterior segment examination revealed a 
clear cornea with grade one nuclear scle-
rosis in both eyes. The intraocular pressure 
was measured to be 14 mmHg (OD) and 17 
mmHg (OS) by Goldmann applanation to-
nometry. The pupils were normal in size and 
reaction to light and accommodation. Pos-
terior segment examination revealed clear 
media with normal sized optic disc and a 
Cup: Disc ratio of 0.3 in both eyes. The ves-
sels were dilated and tortuous with multiple 
flame-shaped and dot-blot hemorrhages in 
all four quadrants of left eyes (Figure 1). The 
patient was given anti-inflammatory agent 
(nepefenac 0.1%) to resolve macular edema 
and low-molecular-weight-heparin (enoxa-
parin) to provide anticoagulation (6). After 
5 months of treatment, there has been no 
improvement in the patient’s visual acuity.

Figure 1 The dilated fundus examination; retinal 
hemorrhages throughout the four quadrants, as 
well as disc edema and dilated, tortuous retinal 
veins.
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Discussion

Central retinal vein occlusion takes the sec-
ond place (after diabetic retinopathy) of all 
retinal vascular diseases causing loss of vi-
sual acuity (7). Some risk factors for CRVO 
have been reported, including age, smoking, 
systemic hypertension, diabetes mellitus, 
open angle glaucoma and decreased physi-
cal activity, but the exact pathology remains 
unknown. Various local and systemic fac-
tors play a role in the pathological closure of 
the central retinal vein, including compres-
sion of the vein (mechanical pressure due 
to structural changes in lamina cribrosa, 
eg, glaucomatous cupping, inflammatory 
swelling in optic nerve, orbital disorders); 
hemodynamic disturbances (associated 
with hyperdynamic or abnormal circula-
tion); vasculitis; homocystinuria, anticar-
diolipin and antiphospholipid syndromes, 
factor V Leiden, protein S, protein C, and 
prothrombin G20210A mutations. Besides 
these clinical data, other pathophysiologi-
cal elements that effect coagulation cascade 
may cause clotting, resulting in vein occlu-
sion. These are; platelet activity, aggregation 
of red blood cells, fibrinogen concentration, 
and haematocrit levels (8, 9). 

CRVO may be observed as two clinically 
important subtypes. The first is non-isch-
emic CRVO, which results from venous sta-
sis in the retina, accounting for about 75% 
of all CRVO cases. The second is ischemic 
CRVO, which results from venous occlusion. 
The distinction between these two types is 
significant, due to their different treatment 
and prognosis. Ischemic CRVO was defined 
as severe visual loss (6/60 or less), extensive 
retinal hemorrhages and cotton-wool spots, 
and poor perfusion to the retina as observed 
in fleuroscein angiography, which is the 
more severe and potentially blinding type. 
The non-ischemic type may advance to the 
ischemic type (10). Klein et al. reported the 
incidence of CRVO in the normal popula-

tion to be 0.5% in their 15-year follow-up 
study of 2119 people (11). 

Although there is no certain treatment, 
ophthalmologists are currently using several 
drugs in management of CRVO, such as in-
travitreal injections of anti-vascular endo-
thelial growth factor (anti-VEGF) agents or 
steroids (12). Also anti-inflammatory agents 
do not form part of the standard treatment 
of retinal vein occlusion. Anti-VEGF and 
intravitreal steroid injections are not aimed 
at treating the CRVO, but the macular oe-
dema secondary to CRVO. 

The patient was a 59-year-old male, a 
smoker (20 packs/year). He also underwent 
a cardiopulmonary bypass, which may have 
caused the low coagulation factor levels and 
low platelet counts that resulted in major 
bleeding followed by massive transfusion 
of blood products, postoperatively.  In our 
opinion, CRVO occurred due to the first sur-
gery (due to use of CPB). As well as bleeding 
diathesis and transfusions there were other 
predisposing factors for the development 
of CRVO. Use of agents such as protamine 
or tranexamic acid to prevent bleeding may 
provoke thrombosis and cause alterations in 
coagulation (13). Regarding the selection of 
treatment of CRVO, macular edema is one of 
the prominent treatable causes of decreased 
visual acuity in patients with CRVO. Various 
treatment modalities have been used for dif-
ferent components of macular edema patho-
genesis, with significant progress in stabiliz-
ing or improving visual acuity. The suggested 
treatments are as follows: anti-inflammatory 
agents; intravitreal injection of ranibizumab, 
aflibercept, triamcinolone and bevacizumab. 
Pharmacological treatment with intravit-
real anti-vascular endothelial growth factor 
(VEGF) agents is currently first-line therapy 
for macular edema. We used low-molec-
ular-weight-heparin (enoxaparin) in the 
treatment of this patient, according to the 
ophtalmologist’s suggestions. Also, a topi-
cal non-steroidal anti-inflammatory agent 
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(nepafenac  0.1%) was administered, to re-
duce macular edema until the venous oc-
clusion resolved (6). The patient’s macular 
edema was minimally cystoid so no other 
treatments were considered.  Moreover, in-
travitreal anti-VEGF Injection increases risk 
of heart attack in coronary heart patients 
(14). There was no improvement, and the 
patient had not regained full vision in his left 
eye after 5 months of treatment.

Conclusion

CRVO following cardiopulmonary bypass is 
very rare. As two previous case reports indi-
cated that CRVO can be a complication after 
CPB, this study demonstrated that CRVO can 
also be a complication after CABG (15). There-
fore, CRVO should always be considered as a 
potential complication after cardiac surgery.

What is already known on this topic
Central retinal vein occlusion is a a common cause of vision 
impairment and a cause of painless visual loss, and is the sec-
ond most common cause of decreased visual acuity after dia-
betic retinopathy. The relationship between cardiac surgery and 
central retinal vein occlusion has been previously documented.

What this study adds
In the literature there are only two known cases of central retinal 
vein occlusion after cardiopulmonary bypass. This study presents 
the third case presented in the literature after cardiopulmonary 
bypass and the first after coronary bypass grafting surgery.
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A: The peak velocity in the LRV is 18.3 cm/sec. B; The peak velocity in the LRV in aortomesenteric portion is 110.8 
cm/sec. There is evidence of “mosaic” color pattern due to the turbulent flow.

A previously healthy, 31 year old woman 
was admitted to the emergency room with 
left flank pain and macrohaematuria, which 
began after jogging. The physical examina-

Transversal scan of the abdomen. RK=Right kidney; 
LK=Left kidney; IVC=Inferior vena cava; AO=aorta; 
SMA=superior mesenteric artery, LRV=left renal vein. 
The arrow indicates the point of LRV compression.

Panel B

tion and her vital signs were normal. Ultra-
sonography showed that both kidneys were 
of normal size and echostructure, with no 
hydronephrosis or bladder abnormalities. 
The left renal vein (LRV) was enlarged (15 
mm) with a winding course. Examination 
by Doppler ultrasound showed that blood 
flow was low with evidence of spontaneous 
echo contrast. The LRV was narrow (2 mm) 
between the aorta and the superior mesen-
teric artery (SMA) (Panel A). Color Dop-
pler ultrasound showed a “mosaic” pattern 
of blood flow in the LRV, beyond the origin 
of the SMA. The peak velocity of systolic 
blood flow measured in the hilar tract and 
in the aortomesenteric portion of the LRV 
was 18.3 cm/sec and 110.8 cm/sec respec-
tively (ratio 6.05), with a pressure gradient 
of 5 mmHg (Panel B). Diagnosis: Renal Nut-

Panel A
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cracker Syndrome. Nutcracker syndrome is a 
vascular compression disorder, and refers to 
compression of the left renal vein between 
the superior mesenteric artery and the aor-
ta. Its prevalence is unknown (1). Although 
often asymptomatic, this condition may 
occur with haematuria – more frequently 
micro-haematuria, flank or abdominal pain 
and varicocele, ovarian vein syndrome, LRV 
hypertension and pelviureteric varices may 
be part of this syndrome. The haematu-
ria is probably related to the increased left 
renal vein pressure, which cause small ve-
nous ruptures into the collecting system. At 
present there is a lack of specific diagnostic 
tools. Measurement of the anteroposterior 
diameter of the LRV, together with Doppler 
ultrasound peak velocities may be useful in 
diagnosing nutcracker syndrome (2). Ac-
cording to many authors, a ratio higher than 
5 between the Doppler ultrasound peak ve-
locity of the narrow tract and the distended 
portion, is diagnostic, as well as the ratio be-
tween the diameter of the distended and the 
narrowed portions. In our case these values 
were 6.05 and 7.5 respectively (3).
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An 11-month-old girl presented with a his-
tory of protrusion of a ventriculoperitoneal 
(VP) shunt through the anus (Panel A).  The 
patient had a history of congenital hydro-
cephalus since birth and the VP shunt had 
already been inserted for 6 months. On ex-
amination, the child was found to be afebrile 
with no abdominal or meningeal symptoms. 
The shunt tube would protrude from the 
anus upon straining.  The neurosurgeon de-
cided to remove the VP shunt. The VP cath-
eter was cut at the abdominal level and gen-

tly pulled out by the extruded anal portion. 
An incision at the head end was made to re-
move the rest of the shunt. After the proce-
dure the patient was doing well. Abdominal 
ultrasound showed no evidence of free fluid 
collection, and there were no signs of perito-
nitis. VP shunting is most commonly indi-
cated for hydrocephalus; however, there are 
some complications reported.  Bowel perfo-
ration and anal extrusion of the distal shunt 
tube are rare and unusual complications of a 
VP shunt, and were first reported by Wilson 
and Bertrand in 1966. So far, to the best of 
our knowledge, 56 cases have been reported. 
The exact pathogenesis of shunt tube-relat-
ed organ perforation is unclear, but various 
mechanisms have been suggested, includ-
ing pressure necrosis, foreign body reaction, 
previous inflammations of the bowel wall, 
and poor general condition with weak bowel 
musculature, that may contribute to perfo-
ration. Careful attention is recommended so 
this complication is recognized and surgical 
removal of the shunt tube considered in the 
absence of infection, to avoid morbidity and 
mortality.
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Letter to the editor

Dear Editor,

The term “child born of war” (CBOW) refers 
to a child whose one parent is a member of 
military or peacekeeping forces and the oth-
er parent a local citizen (usually the mother), 
and it includes the following categories of 
children: (a) children fathered by enemy sol-
diers (war and civil war) and (b) occupying 
forces, (c) children of stationed, peacekeep-
ing forces, and (d) children of female child 
soldiers (1). As Mochmann (2) suggested, 
the term can be applied regardless of type 
of conflict, historical context, geographical 

setting and background of procreation. It is 
known from the literature review that termi-
nology used to describe this population of 
children varies across countries and specific 
periods of time (e.g., “occupation children”, 
“war babies”, “peacekeeper’s babies”, “chil-
dren of hate”, “child of rape”, etc.). Despite a 
growing evidence that these children are ex-
posed to stigma, discrimination, neglect, so-
cial exclusion, health risks, and other forms 
of violation of the rights of the child, there 
is no scientific consensus about recognition 
and involving “children born of war” into 
the existing classification of vulnerable chil-
dren in and after conflict (3-7). 

However, while conducting our research, 
through the process of indentifying and re-
cruiting the potential study participants, we 
found that there are children that share spe-
cific  living conditions and experiences with 
CBOW in the narrower sense, such as:

a) children whose mothers were victims 
of the international human trafficking being 
„sold“ throughout Bosnia and Herzegovina 
(BA) (8), and of fathers who are local (BA 
citizens, some of which belonged to local 
military/police forces) or belonged to for-
eign stationed forces; b) children who recog-
nized themselves as being a child of “enemy’s 
soldiers” from fratricidal war taking place in 
1993-1995 in the “Autonomous Province of 
Western Bosnia” (APZB), a self-proclaimed 
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autonomous entity, whose parents are both 
local citizens, but it was common that a fa-
ther fought not only against members of 
their ethnic group but also opposing their 
brothers or a mother’s family side. These 
children responded to our public invitation 
to participate in the study on „children born 
of war“ in BA, reporting that although they 
are not guilty for their fathers’ political and/
or ideological views, they have been treated 
as children of „enemy soldier“ and conse-
quently exposed to a huge stigmatization, 
discrimination, and violation of the rights 
of child that took place in the aftermath of 
fratricidal war in Western Bosnia, and c) 
children born out of inter-ethnic („mixed“) 
marriages, involving local parents from dif-
ferent ethnic backgrounds, who were con-
sidered to be „national apostates“ both in 
war and peace (9), but a father often com-
bated against the side of the mother‘s family. 
These children, also respondents to our pub-
lic call, recognized as „children of opposing 
parties“ reported that as such they have been 
affected by war since a continual ethnic poli-
tics are causing them a variety of problems 
associated with their mixed background 
(prejudices; stigmatization: „products of 
failed ideologies“, „mixed meat“, „good for 
soap production“; intolerance, discrimina-
tion, segregation etc.)

We think that human trafficking related 
to conflict and post-conflict zones, and frat-
ricidal war – common characteristics of re-
cent wars - are very important psycho-social 
issues, and that vulnerabilities of children 
born and raised in the above socio-political 
contexts (including intolerance and preju-
dices towards children with interethnic 
background) should also be addressed in 
the research on „children born of war“. We 
would appreciate an input of colleagues on 
this topic; specifically regarding the ques-
tion if understanding of the term “children 
born of war” should be broadened and 
vulnerabilities of children from various 

homogenous and heterogeneous non-inte-
grated post-conflict communities be linked 
to this group? We see a first step towards a 
broadened definition by collecting empirical 
evidence that supports our hypothesis that 
these groups of children, as described above, 
are comparable to CBOW with respect to 
the core psychosocial issues of “children 
born of war” in general (10).
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Instructions to authors

Scope

Acta Medica Academica is a biannual, peer-
reviewed journal that publishes: (1) reports of 
original research, (2) original clinical observa-
tions accompanied by analysis and discussion, 
(3) analysis of philosophical, ethical, or social 
aspects of the health profession or biomedical sci-
ences, (4) critical reviews, (5) statistical compila-
tions, (6) descriptions of evaluation of methods 
or procedures, (7) case reports, and (8) images in 
clinical medicine. The fields covered include ba-
sic biomedical research, clinical and laboratory 
medicine, veterinary medicine, clinical research, 
epidemiology, phramacology, public health, oral 
health, and medical information.

Manuscript submission

Manuscript can be submitted electronically, as 
an email attachment, to one of the following 
addresses: amabih@anubih.ba; amaanubih@
hotmail.com; info@ama.ba. All manuscripts 
submitted to AMA will be regularly analysed by 
plagiarism detection software.

All parts of the manuscript, including title page, 
abstract, text, tables, figures, etc., have to be 
available in electronic format. The recommended 
formats are: Microsoft Word, Excel, JPEG, GIF, 
TIFF. Always keep a backup copy of the electronic 
file for reference and safety. All electronically sub-
mitted files are to be scanned by the authors for 
viruses immediately prior to submission with 
appropriate current software, and submitted in 
good faith that the files are free of viruses.

Article publishing charges

There are no article submission and publication 
charges.

Cover letter

Manuscripts must be accompanied by a cover letter, 
which should include the following information:

• A statement that the paper has not been 
sent to or accepted for publication in any other 
journal;

• A statement of financial or other relation-
ships that might lead to a conflict of interest, 
if that information is not included in the manu-
script itself; Conflict of Interest Statement is avail-
able at www.ama.ba;

• A statement that the manuscript has been 
read and approved for publication by all authors;

• Copies of all permissions to reproduce pub-
lished material, to use illustrations or report in-
formation about identifiable people;

• Opinion of the authors about the category 
of the article;

• Contact information and addresses of three 
potential reviewers, as well as names of the per-
sons you would not like to be reviewers of your 
manuscript;

• A statement of authorship by all listed au-
thors about their contribution in the drafting 
of the paper which needs to include the text in 
accordance with one of the following sentences: 
(a) A substantial contributions to the conception 
and design, acquisition of data, or analysis and 
interpretation of data; (b) Drafting the article 
or revising it critically for important intellectual 
content; (c) Final approval of the version to be 
published. (eg. Authors’ contributions: Con-
ception and design: XX and YY; Acquisition, 
analysis and interpretation of data: YY and ZZ; 
Drafting the article: XX, YY and ZZ; Revising it 
critically for important intellectual content: XX, 
ZZ; Approved final version of the manuscript: 
XX, YY and ZZ.

Copyright assignment

All authors must complete and sign the Copy-
right Assignment form upon acceptance of the 
manuscript and return it to the editorial office. 
The Copyright Assignment form can be found 
at www.ama.ba. Accepted papers will not be sent 
for publication until this form has been complet-
ed and submitted.

Manuscript preparation

Manuscripts have to be written according to the 
rules stated in “Uniform Requirements for Man-
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uscripts Submitted to Biomedical Journals”. The 
full document is available from www.icmje.org

Language. Manuscripts must be written in 
clear, concise, grammatical English. Authors 
from non-English speaking countries are re-
quested to have their text translated by a profes-
sional, or thoroughly checked by a native speaker 
with experience in writing scientific and medical 
manuscripts in English. Revision of the language 
is the responsibility of the author. All manuscripts 
should be spellchecked using a Microsoft Word or 
Dorland’s spellchecker before they are submitted. 
Spelling should be US English or British English, 
but not a mixture. On the grounds of poor Eng-
lish manuscripts may be sent back to an author 
for rewriting or language correction.

Font and spacing. The manuscript should be 
prepared in Microsoft Word format (for PC, 6.0 or 
a later version). Paper version should be typewrit-
ten on white bond paper of A4 size, with margins 
3 cm each. Write on one side of each sheet, using a 
font not smaller than 12 points, preferably Times 
New Roman or Arial. All pages must be num-
bered. Prepare texts with double spacing (except 
those of tables, which are made with table tools 
in Word or in Excel). Double spacing of all por-
tions of the manuscript (including the title page, 
abstract, text, acknowledgments, references, and 
legends), makes it possible for editors and review-
ers to edit the text line by line, and add comments 
and queries, directly on the paper copy.

Length. The length of a manuscript depends 
on its type. On the title page, author should 
specify total word count and/or character count. 
Microsoft Word can count them for you. With 
double spacing (2000 characters with spaces per 
page), the limits are as follows:

• Editorial – up to 3 pages (maximum 
count 6000 characters with spaces) and maximum 
15 references.

• Review article – from 12 to 20 pages 
(maximum count 30000 characters with spaces) 
and maximum 40 references.

• Original research study – from 12 to 
15 pages (maximum count 30000 characters with 
spaces).

• Original (scientific and professional) ar-
ticle – from 12 to 15 pages (maximum count 30000 
characters with spaces).

• Short communication – up to 5 pages 
(maximum count 10000 characters with spac-

es), only two graphical display (figure or table) 
and up to 5 references and up to 3 authors.

• Statistical and methodological compila-
tions – up to 16 pages (maximum count 32000 
characters with spaces).

• Case reports and letters – up to 3 pages 
(maximum count 10000 characters with spaces), a 
maximum of 2 figures or tables and no more than 
15 references.

• Images in clinical medicine – is an article 
providing one or two fascinating pictures in black 
and white or in color. It can be clinical or technical 
on a patient or part of a patient, for instance an x-
ray or MRI image or a histological document. The 
picture is accompanied by a short text (a maximum 
of 300 words), up to 3 authors, and if necessary 1 to 
3 references can be included.

• Letter to the editor – up to 3 pages (max-
imum count 2000 characters with spaces), and 
up to 5 references.

Organization of the text. The text of origi-
nal articles is usually divided into sections with 
the following headings: Introduction, Materi-
als (Patients) and methods, Results, Discussion 
and Conclusion. This structure is not simply an 
arbitrary publication format, but rather a direct 
reflection of the process of scientific discovery. 
Long articles may need subheadings within some 
sections (especially the Results and Discussion 
sections) to clarify their content. Other types 
of articles, such as case reports, reviews, and 
editorials, are likely to need other more flexible 
structure of the text. If possible, use standard ab-
breviations. Non-standard abbreviations should 
be defined when first used in the text.

Title page (the first page)

The title page should carry the following infor-
mation:

1. Type of the article.
2. Title of the article, which should be as 

short and concise as possible. Authors should 
include all information in the title that will make 
electronic retrieval of the article both sensitive 
and specific.

3. A short title (up to 50 characters with spac-
es), which will appear in the heading of an article 
in the journal.
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4. Authors’ names and institutional affili-
ations (full first name followed by family name, 
separated by a comma from the next name; us-
ing Arabic numerals in superscript format relate 
names and institutions).

5. The name of the department(s) and 
institution(s) to which the work should be at-
tributed.

6. Corresponding authors. The name, mail-
ing address, telephone and fax numbers, and 
e-mail address of the author responsible for cor-
respondence about the manuscript. The name 
and address of the author to whom requests for 
reprints should be addressed (if different from 
the corresponding author), or a statement that 
reprints will not be available from the authors.

7. Specify sources of support in the form of 
grants, equipment, drugs, or others, if any and a 
statement about existence or non-existence of the 
conflict of interests.

8. Total number of pages, words and char-
acters with spaces (Microsoft Word enables the 
simple acquisition of these data), number of figures 
and tables. A word count for the text only (exclud-
ing abstract, acknowledgments, figure legends, and 
references) allows editors and reviewers to assess 
whether the information contained in the paper 
warrants the amount of space devoted to it, and 
whether the submitted manuscript fits within the 
journal’s word limits. A separate word count for the 
Abstract is also useful for the same reason.

Second page

Abstract and Key words are written on the second 
page. Because abstracts are the only substantive 
portion of the article indexed in many electronic 
databases, and the only portion many readers 
read, authors need to be careful that abstracts 
reflect the content of the article accurately. An 
abstract (250 words) is written without authors’ 
names and institutional affiliations. Its struc-
ture should be similar to that of the text. For 
original articles, the abstract needs to have the 
structure with the following subtitles: Objective, 
Materials and methods, Results and Conclusion. 
Abstracts for Case reports also need to have the 
following subtitles: Objective, Case report, and 
Conclusion and for Review articles: Objective, 
Background, Methods, Discussion and Conclu-

sion. Abstracts for Short communication (150 
words) should not be structured but should end 
with Conclusion. Following the abstract, authors 
provide, and identify as such, 3 to 5 key words 
or short phrases that capture the main topics of 
the article. The key words should not repeat the 
title of the manuscript. Terms from the Medical 
Subject Headings (MeSH) list of Index Medicus 
should be used; MeSH terms are available from: 
www.nlm.nih.gov/mesh/.

Third page

Should carry the manuscript of article. Text 
should be under the following headings:

Introduction. Needs to be short and to spec-
ify to the reader, clearly and with arguments, 
reasons for the research presentation, and the 
novelties that the article brings. In Introduction 
maximum 3 to 4 pertinent and directly related 
works need to be cited. At the end of Introduc-
tion, an author needs to clearly specify the set 
aim of the research.

Methods. This part needs to provide the 
following information: selection and descrip-
tion of participants, precise technical informa-
tion about all methods (describe the methods, 
apparatus, and procedures in sufficient detail to 
allow other workers to reproduce the results; 
give references to established methods, including 
statistical methods; identify precisely all drugs 
and chemicals used, including generic names, 
doses, and routes of administration and other 
specificities related to the presented research). 
Upon reporting about humane experiments, 
an author needs to indicate if the used proce-
dures were in accordance with the Declaration 
of Helsinki from 1975 and its amendments from 
1983. In addition, there needs to be stated if 
and which ethical committee gave consent for 
carrying out the research. A separate subtitle is 
Statistical Analysis. Authors need to indicate all 
statistical tests that were used. In addition, there 
needs to be stated the level of significance selected 
beforehand (p), that is which value p the authors 
considered to be statistically important (ex. 0.05 
or 0.01, or some other). The results should be 
stated with pertaining confidence intervals (CI).

The editorship recommends to the authors 
to follow STARD instructions published in 2003 
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in the researches of diagnostic accuracy. At the 
end of the paragraph authors need to state which 
computer statistical program they have been us-
ing, as well as indicate the manufacturer and ver-
sion of the program.

Results. Present your results in logical se-
quence in the text, tables, and illustrations, giv-
ing the main or most important findings first. 
Restrict tables and figures to those needed to 
explain the argument of the paper and to assess 
its support. Use graphs as an alternative to ta-
bles with many entries; do not duplicate data in 
graphs and tables. The text must contain a clear 
designation as to where the tables and illustra-
tions are to be placed relative to the text. Do not 
duplicate data by presenting it in both a table 
and a figure.

Discussion. Emphasize the new and impor-
tant aspects of the study and the conclusions that 
follow from them. Do not repeat in detail data or 
other material given in the Introduction or the 
Results section. For experimental studies it is 
useful to begin the discussion by summarizing 
briefly the main findings, then explore possible 
mechanisms or explanations for these findings, 
compare and contrast the results with other rele-
vant studies, state the limitations of the study, and 
explore the implications of the findings for future 
research and for clinical practice.

Conclusion. Link the conclusions with the 
goals of the study but avoid unqualified state-
ments and conclusions not adequately supported 
by the data. In particular, authors should avoid 
making statements on economic benefits and 
costs unless their manuscript includes the ap-
propriate economic data and analyses. Avoid 
claiming priority and alluding to work that has 
not been completed. State new hypotheses when 
warranted, but clearly label them as such.

Acknowledge. Anyone who contributed to-
wards the study by making substantial contribu-
tions to conception, design, acquisition of data, 
or analysis and interpretation of data, or who 
was involved in drafting the manuscript or revis-
ing it critically for important intellectual content, 
but who does not meet the criteria for authorship. 
List the source(s) of funding for the study and for 
the manuscript preparation in the acknowledge-
ments section.

Authors’ contributions (eg. Authors’ con-
tributions: Conception and design: XX and YY; 

Acquisition, analysis and interpretation of data: 
YY and ZZ; Drafting the article: XX, YY and ZZ; 
Revising it critically for important intellectual 
content: XX, ZZ; Approved final version of the 
manuscript: XX, YY and ZZ.

Conflict of interest (eg.): The authors de-
clare that they have no conflict of interest.

References. Need to be on a separate page. 
Small numbers of references to key original pa-
pers will often serve as well as more exhaustive 
lists. Avoid using abstracts as references. Referenc-
es to papers accepted but not yet published should 
be designated as “in press” or “forthcoming”; au-
thors should obtain written permission to cite 
such papers as well as verification that they have 
been accepted for publication. If the paper has 
been published in electronic form on PubMed the 
confirmation of acceptance is not needed. Infor-
mation from manuscripts submitted but not ac-
cepted should be cited in the text as “unpublished 
observations” with written permission from the 
source. Avoid citing a “personal communication” 
unless it provides essential information. For sci-
entific articles, authors should obtain written per-
mission and confirmation of accuracy from the 
source of a personal communication.

References should be numbered consecutive-
ly in the order in which they are first mentioned 
in the text. Identify references in text, tables, and 
legends by Arabic numerals in parentheses at 
the end of a sentence. Use the same number in 
the reference list. References cited only in tables 
or figure legends should be numbered in accor-
dance with the sequence established by the first 
identification in the text of the particular table 
or figure.

The titles of journals should be abbreviated 
according to the style used in PubMed. Consult 
NLM Catalogue: Journals referenced in the 
NCBI Databases available at: http://www.ncbi.
nlm.nih.gov/nlmcatalog/journals.

Tables. Need to be submitted separate from 
the main text. The preferred software for tables is 
Microsoft Excel (save each table in a file with single 
worksheet). Only tables made with table tools in 
Microsoft Word are acceptable. For the paper ver-
sion, type or print each table on a separate sheet 
of paper. Number tables consecutively in the or-
der of their first citation in the text. Use Arabic 
numerals. Each table needs to have an explana-
tory title. Place the title above the table. Give each 
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column a short or abbreviated heading. Also, 
visibly indicate the position of each table in the 
text, using its assigned numeral at the end of the 
sentence which is relevant to the table(s). Tables 
should be positioned in the text where the au-
thor feels is appropriate but the Editor reserves 
the right to reorganize the layout to suit the print-
ing process. Authors need to place explanatory 
matter in footnotes, not in the heading. Explain 
in footnotes of the table all nonstandard abbrevi-
ations. For footnotes use the following symbols, 
in sequence: *, †, ‡, §, ||, ¶, **, ††, ‡‡. Identify sta-
tistical measures of variations, such as standard 
deviation and standard error of the arithmetic 
mean. Be sure that each table is cited in the text. If 
you use data from another published or unpub-
lished source, obtain permission and acknowl-
edge them fully.

Figures. (illustrations: diagram, photograph, 
photomicrograph, radiograph, drawing, sketch, 
picture, outline, design, plan, map, chart, etc.). 
Need to be submitted separate from the main 
text. They need to be submitted as photographic 
quality digital prints or, exceptionally, as profes-
sionally drawn and photographed original il-
lustrations. Figures should be in a digital format 
that will produce high quality images. Formats 
recommended include: JPEG, GIF, TIFF, Micro-
soft Word, Excel. Sending original photographs 
and slides is permissible when they cannot be 
digitized without professional help. In this case, 
send an explanation in the cover letter. Using Ara-
bic numerals, number figures consecutively in the 
order of their first citation in the text. Also, vis-
ibly indicate the position of each figure in the 
text, using its assigned numeral in parentheses. 
Figures should be positioned in the text where 
the author feels is appropriate but the Editor re-
serves the right to reorganize the layout to suit 
the printing process.

Supply a legend for each figure. Titles and 
detailed explanations belong in the legends, how-
ever, not on the figures themselves. Figures should 
be made as self-explanatory as possible. Letters, 
numbers, and symbols on figures should there-
fore be clear and even throughout, and of suffi-
cient size that when reduced for publication each 
item will still be legible. Photomicrographs should 
have internal scale markers. Symbols, arrows, or 
letters used in photomicrographs should contrast 
with the background. If photographs of people are 

used, either the subjects must not be identifiable 
or their pictures must be accompanied by written 
permission to use the photograph.

Legends for Figures need to be included in the 
main manuscript text file, on a separate page im-
mediately following the references. Type or print 
out legends using double spacing. For each fig-
ure, the following information should be pro-
vided: figure number (in sequence, using Ara-
bic numerals – i.e. Figure); title of the figure; all 
necessary explanations. When symbols, arrows, 
numbers, or letters are used to identify parts of 
the illustrations, identify and explain each one 
clearly in the legend.

Units of measurement

Measurements of length, height, weight, and vol-
ume should be reported in metric units (meter, 
kilogram, or liter) or their decimal multiples. Tem-
peratures should be in degrees Celsius. Blood pres-
sures should be in millimeters of mercury, unless 
other units are specifically required by the journal.

Abbreviations, acronyms and symbols 

If possible for metric units use standard abbre-
viations. Non-standard abbreviations should be 
defined when first used in the text.

Sample references

Articles in journals

Standard journal article (List the first six authors 
followed by et al.):

Halpern SD, Ubel PA, Caplan AL. Solid-organ 
transplantation in HIV-infected patients. N 
Engl J Med. 2002;347(4):284-7.

More than six authors:
Rose ME, Huerbin MB, Melick J, Marion DW, 
Palmer AM, Schiding JK, et al. Regulation of 
interstitial excitatory amino acid concentra-
tions after cortical contusion injury. Brain Res. 
2002;935(1-2):40-6.

Organization as author:
Diabetes Prevention Program Research 
Group. Hypertension, insulin, and proinsulin 
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in participants with impaired glucose toler-
ance. Hypertension. 2002;40(5):679-86.

No author given:
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in the tail. BMJ. 2002;325(7357):184.

Volume with supplement:
Geraud G, Spierings EL, Keywood C. Tolerabil-
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2002;42(Suppl 2):S93-9.

Issue with supplement:
Glauser TA. Integrating clinical trial data 
into clinical practice. Neurology. 2002;58(12 
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Epub 2002 Jul 5.

Books and other monographs
Personal author(s):

Murray PR, Rosenthal KS, Kobayashi GS, 
Pfaller MA. Medical microbiology. 4th ed. St. 
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New York: McGraw-Hill; 2002.
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