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Poštovani autori, urednici, recenzenti i saradnici Vojnosanitetskog pregleda,

Opraštaju i se od stare godine, zahvaljujem vam na izuzetnoj saradnji i podršci uz želje da
nam nastupaju a 2014. godina donese još više uspeha i radosti!

SRE NA NOVA GODINA I BOŽI NI PRAZNICI!
Srda no,
prof. dr Silva Dobri ,
glavni i odgovorni urednik

Dear Authors, Editors, Reviewers, and Collaborators of the Vojnosanitetski Pregled,

Saying farewell to 2013, I express my deep gratitute to your extraordinary cooperation
and support along with my best whishes that the coming New Year 2014 bring us more
success and happiness!

MARRY CHRISTMAS AND A HAPPY NEW YEAR!

Cordially,
Prof. Dr. Silva Dobri

Editor-in-Chief
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Watson-ov i Crick-ov model dezoksiribonukleinske kiseline (DNK) iz 1953. godine
Otkri e Watson-a i Crick-a iz 1953. godine da DNK ima strukturu dvostruke spi-
rale u obliku uvijenih stepenica, ozna ilo je prekretnicu u istoriji nauke i dovelo do
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60. godišnjica tog otkri a (vidi str. 1165–70).
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Epidemiological and clinical features of erythema infectiosum in
children in Novi Sad from 2000 to 2009
Epidemiološke i klini ke karakteristike infektivnog eritema kod dece u Novom

Sadu u periodu 2000–2009.

Sonja Pr i *, Zorica Gajinov†, Bogdan Zrni ‡, Anica Radulovi *, Milan Mati †,
Verica Djuran†

*Department of Dermatovenerology, Institute for Child and Youth Health Care of
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Luka, Republic of Srpska, Bosnia and Herzegovina

Abstract

Background/Aim. Erythema infectiosum (EI) is a com-
mon childhood illness, caused by human parvovirus B19.
It occurs sporadically or in epidemics and is characterized
by mild constitutional symptoms and a blotchy or maculo-
papular lacy rash on the cheeks (slapped-cheek) spreading
primarily to the extremities and trunk. The aim of our
study was to analyse the epidemiological and clinical char-
acteristics of erythema infectiosum in children. Methods.
This study included 88 children observed in the Depart-
ment of Dermatology of the Institute for Child and Youth
Health Care of Vojvodina, in Novi Sad, during the period
January 2000–December 2009. We compared the data
about the clinical characteristics during and after the out-
break of EI observed from December 2001 to September
2002. The data were retrieved from the hospital database.
Results. During the study period, EI was detected in 88
children (44 females and 44 males), 0.213% of the total
number of 41,345 children observed in the Department of
Dermatology. An outbreak of erythema infectiosum was
observed from December 2001 to September 2002, with

the peak frequency in April and May 2002 and 39 diag-
nosed cases, and stable number of cases from 2005 to
2009 (a total of 49 diagnosed cases). The average age of
infected children was 7.59 ± 3.339. Eleven (12.5%) chil-
dren were referred from primary care pediatricians with
the diagnosis of urticaria or rash of allergic origin. The
most constant clinical sign was reticular exanthema on the
limbs, present in 100% of the cases, followed by 89.77%
of cheek erythema. Pruritus was present in 9.09% of the
children, mild constitutional symptoms in 5.68% and pal-
pable lymph glands in 3.41% of the children. In all the
cases the course of the disease was without complications.
Conclusion. The results of this study confirm the pres-
ence of EI (the fifth disease) in our area with a mild
course in the majority of patients. Since the diagnosis of
EI is usually based on clinical findings, continuing medical
education of primary health care pediatricians is essential
for reducing the number of misdiagnosed cases.

Key words:
erythema infectiosum; child; serbia; disease outbreaks;
epidemiology; drug therapy; prognosis.

Apstrakt

Uvod/Cilj. Infektivni eritem je de ja osipna bolest, koja se
karakteriše homogenim, veoma izraženim eritemom obraza
i mrežastim osipom, lokalizovanim na ekstremitetima i tru-
pu, bez zna ajnijeg poreme aja opšteg stanja. Izaziva  je
parvovirus B19. Javlja se sporadi no ili periodi no, u vidu
manjih epidemija. Cilj našeg rada bio je da se utvrde epide-
miološke i klini ke karakteristike infektivnog eritema. Me-
tode. Studijom je bilo obuhva eno 88 obolele dece 44 de-
voj ice i 44 de aka koja su se javila na pregled u Odseku za
dermatologiju, Instituta za zdravstvenu zaštitu dece i omla-
dine u Novom Sadu, u periodu od januara 2000. do decem-

bra 2009. godine. Podaci o klini kim karakteristikama bole-
snika dijagnostikovanih tokom epidemije 2001/2002. godi-
ne (39 obolelih) pore eni su sa periodom od 2005 do 2009.
godine kada je broj dijagnostikovanih slu ajeva bio ujedna-
en (ukupno 49). Rezultati. Infektivni eritem dijagnostiko-

van je kod 0,213% dece od ukupno 41 345 pregledane dece
u Odseku za dermatologiju. Od decembra 2001. do septem-
bra 2002. godine došlo je do naglog porasta broja obolelih
od  infektivnog eritema, dok je najve i broj obolelih bio u
maju i aprilu 2002. godine. Prose an uzrast obolele dece iz-
nosio je 7,59 ± 3,339 godine. Ukupno 12,5% bolesnika
upu eno je pod sumnjom na urtikariju ili osip alergijskog
porekla. Mrežast osip na ekstremitetima bio je prisutan kod
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svih obolelih, eritem obraza kod 89,77%, svrab je bio pri-
sutan kod 9,09% dece, blagi opšti simptomi infekcije kod
5,68%, a limfadenopatija kod 3,41% dece. Nisu zabeležene
komplikacije oboljenja. Zaklju ak. Sva obolela deca imala
su karakteristi nu klini ku sliku i dobro udan tok bolesti.
Pošto se dijagnoza infektivnog eritema u de jem uzrastu po-
stavlja pretežno na osnovu klini ke slike, naglašavamo važ-

nost kontinuiranog obrazovanja pedijatara koji pružaju pri-
marnu zdravstvenu zaštitu sa klini kim tokom i diferencijal-
nom dijagnozom ovog oboljenja.

Klju ne re i:
eritem, infektivni; deca; srbija; epidemije;
epidemiologija; le enje lekovima; prognoza.

Introduction

Erythema infectiosum (EI) is an acute childhood illness,
characterized by blotchy or maculopapular rash starting on
cheeks, spreading to extremities and the trunk, giving a typical
slapped cheek appearance and lacy configuration on limbs.
Constitutional symptoms are mild 1, 2. The disease is caused by
human parvovirus B19 (Pv B19), the route of natural transmis-
sion is presumably the respiratory route, and parenteral and
transplacental transmission have been proved, as well. A re-
ceptor molecule for B19 is glycolipid antigen on the erythro-
cyte surface, and hosts with the decreased production or in-
creased destruction of red blood cells (such as hemolytic ane-
mia or pure red cell aplasia due to various causes) are prone to
aplastic crises and protracted severe anemia upon infection
with human Pv B19 2–4. In immunocompromised hosts the
course of Pv B19 infection can be severe, even caused by he-
mophagocytic syndrome 4. Acute infection during pregnancy
can result in hydrops fetalis (risk estimated in 10% of cases) 5.
The incubation period is 4–14 days, during which patients are
infectious, only prior to the onset of the rash 6, 7.

EI usually develops suddenly, prodromal symptoms are
mild or may be absent. The course of the disease is three-
phasic: facial “slapped-cheeks“ rash, followed by lacy or re-
ticular rash of the upper extremities and an evanes-
cence/recrudescence stage. Eruption is pruritic in about 15%
of children. EI usually lasts for 2 weeks, but can recur with
mechanical, physical or emotional triggers. The diagnosis of
EI is usually made on the basis of the characteristic clinical
features. The differential diagnosis includes the other viral
rashes (rubella, measles, enteroviral infection), scarlet fever,
cheek erysipelas, hypersensitivity reaction (urticaria, drug
reaction or allergic exanthemata) and collagen vascular dis-
eases (systemic lupus erythematosus). Due to the mild course
only symptomatic treatment is necessary (antipyretics, anti-
histamines) 1, 7, 8.

Methods

This retrospective study was conducted in the Depart-
ment of Dermatology, Institute for Child and Youth Health
Care of Vojvodina in Novi Sad, as tertiary referral center for
the South Ba ka region in the Province Vojvodina. Age, sex
distribution, the presence of constitutional symptoms and
clinical characteristics of the disease were retrieved from the
medical records of all EI patients diagnosed between January
2000 and December 2009. The data from the period 2005–
2009, and those previously published for the period 2000–
2004 were compared 9.

All the patients were diagnosed by one of the derma-
tologists (authors), based on the clinical findings in the ma-
jority of cases. A total of 12 patients (2 during the period of
2005–2009) serum samples were additionally analyzed using
SERION ELISA (enzyme-linked immunosorbent assay)
classic parvovirus B19 IgG/IgM quantitative and qualitative
tests for identification of specific antibodies against human
parvovirus B19. Complement-fixing reactions (CFR) to vi-
ruses (Rubella, Adenovirus, Coxsackie virus) were per-
formed in 5 children, with constitutional symptoms and pal-
pable lymph nodes.

Results

During the study period (from the beginning of 2000 to
the end of 2009), at the Department of Dermatology, the total
number of first visits was 41,345 and erythema infectiosum
was diagnosed in 88 children (0.213%). Figure 1 shows the

number of patients during a 10-year period. Patients with EI
were not observed within 2000, and sporadic cases emerged
by the end of 2001. A sudden outbreak was noted from De-
cember 2001 to September 2002 with the highest number of
cases recorded in April and May, 2002 9. In a subsequent 5
year period (2005–2009) EI was diagnosed in 49 children, 22
girls and 27 boys, average age being 7.98 ± 3.554 years.
During a total period of 10 years, the average age of EI pa-
tients was 7.59 ± 3.339 years, with the majority of patients in
the 5–10 years group, and equal sex ratio (44 girls and 44
boys affected).

During the whole study period 11 children (12.5%)
were referred from primary care pediatricians with the diag-
nosis of urticaria or rash of allergic origin, 7 during the pe-
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Fig. 1 – The number of patients with erythema infectiosum
in a 10-year research period.
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riod of outbreak and 4 patients (8.16%) during the second
period. These children were on diet and recevied oral anti-
histamines, while 5 of them (5.68%) had been prescribed
parenteral corticosteroid treatment, 2 (4.08%) in the second
period after the outbreak. Mild pruritus was present in 8
(9.09%) of the children and mild constitutional symptoms
were present in only 5 (5.68%) of the children. All the pa-
tients had typical clinical picture, and atypical forms of the
disease were not recorded in the studied pediatric population
(ie, papular-purpuric gloves and socks syndrome or acrope-
techial syndrome) (Figure 2). The most constant clinical sign

was reticular exanthema on upper extremities, present in
100% of the cases, followed by intensive erythema of the
cheeks (slapped-cheek appearance) in 79 (89.77%). Exan-
thema on trunk and extremities was present in 12 (13.63%)
children. One (1.14%) patient had palmar and plantar ery-
thema. Occipital lymphadenopathy was present in 3 (3.41%)
children. Clinical findings of EI patients from the study pe-
riod 2005–2009 are presented in Table 1. All the 12 tested

children were positive for IgM antibodies against human
parvovirus B19, confirmative of the acute Pv B19 infection.

CFR assays for Rubella, Adenovirus and Coxsackie were
negative in all the five children tested. On control examina-
tion after 14 days rash was resolved in all the patients, while
physical examination showed normal results.

Discussion

Infection with PvB19 is ubiquitous and occurs world-
wide. EI is common, mildly contagious, and occurs sporadi-
cally or in epidemics 1. The rise in the number of EI patients
noted during the period December 2000 to May 2002, with
the peak in April and May 2001, was not repeated in the later
study period when an average number of patients was rela-
tively stable 9. That is in concordance with data form the lit-
erature on EI epidemics occurring in cyclical fashion, every
4–7 years, with more frequent outbreaks in winter and
spring 3, 6, 8, 9. Localized outbreaks among schoolchildren are
common 6. The first outbreak of EI in Serbia was reported
from October 1987 to May 1988 that occurred among school
children in part of Belgrade 10. The majority of our EI pa-
tients were 5–10 years old, that is in concordance with lit-
erature data 1. No gender difference in susceptibility to EI
was noted in the literature, similar to our case series 5. Lacy
exanthema on proximal extremities was the most prominent
symptom noted in all our patients, that disagrees with the
study by Revilla et al. 11 where erythema of the cheeks
(slapped-cheek appearance) was the most frequent one. Lacy
exanthema of the extremities was the most frequent in the
study by Bukumirovi  et al. 10, and in our previous report,
also 9. Palmar and plantar erythema occurs only rarely in EI
6. In our study it was present only in one boy during the
2001–2002 outbreak, and in was not observed a later period
9. None of the children had any further complications. In a
similar study by Rewilla et al. 11 the illness had a mild
course. The only difference in clinical presentation of EI pa-
tients between the two study periods is that exanthema af-
fecting both trunk and limbs occurred more frequently during
the study period 2005–2009 than in the previous 5 years
(18.37% and 7.69% correspondingly) 9.

In our study lymph nodes enlargement was present in
3.41% of the patients (occipital lymph nodes), and in those
children serological analyses for Rubella, Adenovirus and
Coxsackie virus were performed, proved negative in all of
them. In all 12 tested serum samples Pv B19 infection was
serologically detected. According to the literature, labora-
tory proof of Pv B19 infection is not necessary in cases
with characteristic clinical picture and uncomplicated
course in previously healthy children 1, 7, 8. Therefore, EI
should not be a diagnostic problem because of its charac-
teristic presentation and the course of the illness. EI de-
scription as “geographical map with lakes” as the most pic-
turesque of all the rashes, together with phasic course with
slapped cheeks or sun-burnt facial aspect preceding rash, are
pathognomonic, and seen only in this disease 1, 7, 8. However,
the number of patients had been referred to the Institute
because of suspected allergic rash, and a relatively large
proportion of children (12.15%) had been previously pre-
scribed antihistamine and corticosteroid treatment and

Fig. 2 – Erythema infectiosum in a 6-year-old boy.

Table 1
Clinical findings of erythema infectiosum (EI) from

2005 to 2009
ChildrenClinical findings of EI  n %

Pruritus 4 8.16
Constitutional symptoms 3 6.12
Exanthema on upper extremities 49 100.00
Exanthema on extremities and trunk 9 18.37
Erythema of the cheeks 45 91.84
Palmar-plantar erythema 0 0
Occipital lymphadenopathy 1 2.04
Total 49 100.00
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elimination diet. Even though EI is not a rare disease, it
appears periodically every 4–7 years in the form of spo-
radic epidemics lasting for several months, that could be
the reason not to be easily recognized among primary
health care physicians. Albeit, during 2001/2002 outbreak
when 18% of children were referred from primary care as
suspect allergic reaction, in the period 2005–2009 propor-
tion of unrecognized cases decreased to 8%. That is an en-
couraging result pointing that previous epidemics in-
creased awareness and enhanced recognition of EI among
non-dermatologists 9.

Conclusion

The results of this study confirm the presence of EI (the
fifth disease) in our area with a mild course in the majority of
patients. Since the diagnosis of EI is usually based on clini-
cal findings, the continuing medical education of primary
health care pediatricians is essential for reducing the number
of misdiagnosed cases. Further studies within longer obser-
vation periods and larger groups of patients are necessary to
determine the epidemiological and clinical characteristics of
erythema infectiosum in Serbia.
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Abstract

Background/Aim. Epidemiological studies of renal biop-
sies have been performed to follow up the incidence of
glomerular diseases on a specified territory and to compare
the obtained results with results from other regions. The
aim of this study was to analyze the frequency of certain
histopathophysiological types of glomerular diseases on the
territory of Southeast Serbia. Methods. In a 20-year period
(1986–2006), 316 kidney biopsies were performed in pa-
tients with clinicall signs of impaired renal function, in
Southeast Serbia. On average 1.6 biopsies were made per
year per 100 000 inhabitants. Results. Biopsies of adult pa-
tients represented 88% of all biopsies, biopsies in children
(aged under 18 years) represented 8%, while biopsies of eld-
erly patients (more than 60 years) represented 4% of all bi-
opsies. The predominance of male patients was described
with male/female ratio of 1.4. The most frequent clinical
manifestation in patients at the time of biopsy were ne-
phrotic syndrome (42.5%), and asymptomatic proteinuria
and/or hematuria (31.3%) and nephritic syndrome (14.9%).
The most common glomerular disease was IgA nephropa-
thy with an incidence of 21.5% of total biopsy diagnosed
glomerulopathies, followed by: membranous glomerulone-
phritis (12.6%), focal segmental proliferative and sclerosing
glomerulonephritis (10.7%), lupus nephritis (8.4%), nephro-
angiosclerosis (7.0%), mesangio-proliferative glomerulone-
phritis (6.1%), minimal change disease (2.8%), mesangio-
capillary glomerulonephritis (2.3%). Conclusion. The fre-
quency of certain histopathologic findings significantly cor-
related with data from studies that we used for comparison,
with the exception of minimal change disease whose inci-
dence in our study was smaller.

Key words:
kidney diseases; glomerulonephritis; biopsy;
histocytochemistry; epidemiology; serbia.

Apstrakt

Uvod/Cilj. Epidemiološke analize biopsija bubrega imaju
za cilj pra enje u estalosti pojedinih glomerulskih bolesti na
odre enom podru ju i upore ivanje dobijenih rezultata sa
rezultatima iz drugih regiona. Cilj ovog istraživanja bio je da
se analizira u estalost pojedinih histopatofizioloških tipova
glomerulskih bolesti na teritoriji jugoisto ne Srbije. Meto-
de. U periodu od 20 godina (1986–2006), na teritoriji jugoi-
sto ne Srbije, ura ena je biopsija bubrega kod 316 bolesnika
kod kojih su klini ki bili prisutni znaci poreme ene bubrež-
ne funkcije. Prose no je ura eno 1,6 biopsija godišnje na
100 000 stanovnika. Rezultati. Od ura enih biopsija 88%
su bile biopsije kod odraslih osoba, 8% kod dece, dok su
biopsije kod starijih osoba inile 4%. Predominacija boles-
nika muškog pola, iskazana muško/ženskim odnosom biop-
siranih bolesnika iznosila je 1,4. Najzastupljenije klini ke
prezentacije kod bolesnika u vreme biopsije bile su nefrotski
sindrom (42,5%), zatim asimptomatska proteinurija i/ili
hematurija (31,3%) i nefritski sindrom (14,9%). Naju estalija
glomerulska bolest bila je IgA nefropatija sa u estaloš u od
21,5% od ukupnog broja biopsijom dijagnostifikovanih
glomerulopatija, a sledili su: membranski glomerulonefritis
(12,6%), fokalnosegmentalni proliferativni i skleroziraju i
glomerulonefritis (10,7%), lupus nefritis (8,4%), nefroangio-
skleroza (7,0%), mezangioproliferativni glomerulonefritis
(6,1%), bolest minimalnih promena (2,8%), mezangio-
kapilarni glomerulonefritis (2,3%). Zaklju ak. U estalost
pojedinih patohistoloških nalaza u zna ajnoj meri koreliše sa
podacima iz studija koje su nam služile za komparaciju, sa
izuzetkom bolesti minimalnih promena ija je incidencija ni-
ža u našoj studiji.

Klju ne re i:
bubreg, bolesti; glomerulonefritis; biopsija;
histocitohemija; epidemiologija; srbija.
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Introduction

Glomerulonephritis (GN) is a bilateral, non-bacterial,
non-suppurative inflammation of kidney which primarily af-
fects glomerulus and then the other kidney structures.

Histological features are the most important criterion
for the nomenclature and classification of glomerular dis-
ease. In addition to localization, the histological characteris-
tics define the nature of glomerular lesion as well as cell
proliferation, deposit of immune complexes or extracellular
components lesions.

Immune processes underlie most cases of primary GN,
but they are also present in many secondary events in the
glomerulus. Therefore, the division of etiopathologic mecha-
nisms of glomerulopathy is reduced to immunological and
non-immunological 1.

Glomerular lesion is clinically expressed with a rela-
tively small number of signs and symptoms. There are five
main clinical syndromes which may be manifested in glo-
merular disease: acute GN syndrome (acute nephritic syn-
drome), syndrome of rapidly progressive GN, nephrotic syn-
drome, asymptomatic urinary abnormalities (asymptomatic
proteinuria and hematuria) and the syndrome of chronic GN.

The diagnosis of glomerular disease involves a com-
plete understanding of the clinical condition of the patient,
laboratory diagnostics, immunological and morphological
studies. Diagnosis based only on the clinical manifestations
may be unsuccessful because different glomerular diseases
are characterized by similar or the same clinical presentation.
On the other hand, the same glomerular disease may be pre-
sented differently in different patients 2.

Therapeutic approach, response to therapy and progno-
sis, depend on the type of GN. The frequency of certain
forms of GN is different in different geographical areas and
associated with genetic and environmental factors.

This retrospective study was conducted with the aim to
determine the frequency of certain types of glomerular dis-
ease in Southeast Serbia on the basis of which may be possi-
ble to predict the response to therapy and prognosis.

Methods

During a 20-year period (1986–2006), 316 kidney biop-
sies were performed in patients with clinically and laboratory
shown signs of some primary or secondary glomerulopathy
(nephritic or nephrotic syndrome, syndrome of rapide pro-
gressive GN and asymptomatic hematuria or proteinuria).
All biopsies were done at the Institute of Nephrology and
Hemodialysis in Clinical Center Niš and the whole tissue bi-
opsy material was processed in the histopathological labora-
tory of this institute. The histopathologist has always taken
biopsy material from a patient and prepared it for light mi-
croscopic analysis, immunofluorescence and if necessary for
electron microscopy.

The same method for taking biopsy material was al-
ways used – blind percutaneous renal biopsy with previous
intravenous pyelography or ultrasound examination. In par-
allel to light microscopy, immunofluorescence with IgG,

IgA, IgM, C1q, C3, fibrinogen, albumin, kappa and lambda
chains was always done. Electron microscopy was performed
in 3–4% of cases when it was possible (during the difficult
economic crisis) and when indications were present (other
morphological examination aroused suspicion of a change in
the GBM structure; existence of deposit which could not
been precisely localize in immunofluorescence findings).

Of the total number of samples, 214 biopsies had posi-
tive histopathological findings in the glomeruli, while 102
findings were not included in this study. Only those cases
who clearly indicated the existence of glomerulopathy were
included. The patients whose clinical presentation and labo-
ratory findings did not fit into diagnosis of glomerulopathy
or tubulointerstitial changes were clinically and histopa-
thologicaly confirmed, were not included in this study.
Among samples which were not included in the study, 26
had negative glomerular findings, 50 of them did not have
enough material for analysis, and in 26 of them findings in
tubulointerstitial system were dominant (chronic pyelone-
phritis, acute tubular necrosis, balkan endemic nephropathy,
etc).

Immunological tests included measurements of serum
immunoglobulins concentration, complement fractions in se-
rum, immune complexes while the presence of certain auto-
antibodies were detected by direct immunofluorescence.
Immunoglobulins and complement fractions were measured
by the nephelometric method (II BEN nefelometar – Dade-
Behring, Magdeburg, Germany). Immune complexes were
measured by the deposition of immunoglobulins with poly-
ethylene glycol (PEG-6000). The presence of autoantibodies
in biopsy specimens was performed by direct immunofluo-
rescence with autoantibodies labeled with fluorescein
(FITC).

Other analysis have included detailed medical history,
routine biochemical tests as well as other relevant testing.
The following findings have been specifically analyzed: du-
ration of clinical manifestations of impaired kidney function,
previous diseases, edema, the appearance of micro- or
macrohematuria, blood pressure, finding of proteinuria, hy-
poproteinemia and hipoalbuminemia findings, and elevated
serum cholesterol and triglycerides.

The data were analyzed by descriptive statistics using
the program Sigma Stat.

Results

Of 214 patients with biopsy confirmed diagnosis of a
glomerulopathy, 125 (58.4%) were males and 89 (41.6%)
females.

Age and gender distributions are shown in Table 1. Age
data were available for 204 patients. Most of the patients
were aged 31–50 years, a total of 98 patients (61 males and
37 females), that was 45.8% of the total number of biopsies
with positive findings. Within this age group, most were
male patients with primary proliferative GN (33% or 33.7%).

Clinical presentation of the patients with GN is shown
in Table 2. Of the 7 described syndromes, the most common
was nephrotic syndrome in 91 (42.5%) patients.
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Of a total number, 140 biopsied patients had pathologi-
cal findings of the primary forms of GN, which was 65.4%,
of which the proliferative forms were much more frequent
(Table 2). Secondary forms of GN had 22 (10.3%) patients,
non-immunological glomerular lesions (diabetes, amyloido-
sis, and hypertensive changes) were recorded at 22 (10.3%)
patients, while in the other group, terminally damaged renal
parenchyma (end stage renal diseases-ESRD) occurred in 13
(6.1%) of the cases.

Primary nonproliferative forms of GN were found in 41
of 214 patients (29.3% of all the patients with primary GN).
The most frequent nonproliferative GN was membranous
GN, followed by focal segmental sclerosis and minimal
change disease (Table 3).

Membranous GN was present in 27 patients (7 females
and 20 males) of which hypertension was registered in 13
(severe stages in 4), edema in 23, hematuria in 22, while ne-
phrotic proteinuria was present in 15 of the patients. The

Table 1
Age and gender distribution of the biopsied patients in the groups of glomerular disease

 18 years 19–30 years 31–50 years 51–60 years > 61 years All agesType of glomerulopathy m f m f m f m f m f m f
Primary nonproliferative GN 2 – 8 – 12 3 6 6 3 1 31 10
Primary proliferative GN 6 2 13 14 33 12 8 – 3 – 68 31
Secondary GN – 2 – 4 3 11 – 2 – – 3 19
Non-immunological and other
glomerulopathies 2 1 5 8 13 10 2 6 1 3 23 29

10 5 26 26 61 35 16 14 7 4 125 89
GN – glomerulonephritis; m – male; f – female

Table 2
Clinical syndrome at the time of biopsy in the patients with biopsy findings of

glomerular lesion
PatientsClinical syndrome n %

Nephrotic 91 42.5
Nephritic 32 14.9
Asymptomatic proteinuria and hematuria 67 31.3
Asymptomatic proteinuria 7 3.3
Asymptomatic hematuria 2 0.9
Rapidly progressive glomerulonephritis 2 0.9
Chronic renal failure 13 6.2
Type of glomerular lesion
Primary nonproliferative GN 41 19.1
Primary proliferative GN 99 46.3
Secondary GN 22 10.3
Non-immunological glomerulopathy 22 10.3
Other 30 14.0

GN – glomerulonephritis

Table 3
Glomerular diseases in the biopsied patients

PatientsType of glomerulopathy Glomerular diseases n %
Minimal-change disease 6  2.8
Focal segmental sclerosis 8 3.7Primary nonproliferative GN
Membranous GN 27  12.6
Focal segmental proliferative and sclerosing GN 23 10.7
Endoteliomesangial GN 10  4.7
Mesangioproliferative GN 13  6.1
IgA nephropathy 46 21.5
Mesangiocapillary GN 5  2.3

Primary proliferative GN

Rapidly progressive GN 2  0.9
Lupus GN 18  8.4

Secondary GN Henock-Schoenlein purpura 4  1.9
Nephroangiosclerosis 15  7.0
Diabetic nephropathy 4  1.9Non-immunological glomerulopathy
Amyloidosis 3  1.4

Other

End-stage glomerulonephritis
Sy. Alport
Postpartal thrombotic microangiopathy
Status after kidney transplantation
Unknown entity

13
2
1
1

13

6.1
0.9
0.5
0.5
6.1

GN – glomerulonephritis
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findings of immunofluorescence of IgG were positive in 25
of the patients.

Detection of primary proliferative GN was present in 99
patients of 214 which is 70.7% of the biopsied patients with
findings of primary glomerulonephritis. The most common
form of primary proliferative GN was IgA nephropathy, then
focal segmantal praliferative and sclerosing GN, mesangio-
proliferative GN, endoteliomezangial GN, mesangiocapillary
GN and rapidly progressive GN (Table 3).

IgA nephropathy was diagnosed in 46 patients (14 fe-
males and 32 males). The youngest patients belonged to the
age group of 11–20 years while the oldest were between 51
and 60 years. Hypertension was present in 21, edema in 10,
the finding of hematuria was present in all the patients, while
proteinuria greater than 3.5 g/L was present in 8 patients
with this finding. The largest number of light microscopy
findings belonged to the group with focal segmental-
proliferative and sclerosing GN. Second most frequent find-
ings matched to focal segmental proliferative GN with mes-
angial area lesions. Diffuse changes in the glomeruli, such as
diffuse proliferative and diffuse proliferative and sclerosing
GN were registrated in a much lower number of cases. Ex-
tracapillary proliferation with less than 50% of affected glo-
meruli was observed in only one biopsy. Considering immu-
nofluorescence findings all the patients of this group were
positive for IgA.

Secondary forms of GN were registered in 22 out of
214 biopsied patients, which is 10.3%. The definitive diag-
nosis in these cases was confirmed by other immunological
tests (primarily by determining the presence of serum auto-
antibodies). Out of 22 patients 18 had systemic lupus ery-
thematosus, and 4 showed light microscopic signs of focal
proliferative and sclerosing GN with changes in the skin and
positive immunofluorescence finding, which is definitely
pointing on Henoch-Schonlein purpura (Table 3).

Lupus nephritis was present in 18 cases. All the patients
were females, aged 17 to 48 years. Hypertension was regis-
trated in 7 of the patients, edema in 13, proteinuria and
hematuria in all the patients. Serum levels of C3 and C4 were
reduced in most patients, while immune complexes and anti-
nuclear antibodies were present in 9 of the patients to whom
these measurements were made. Non-immunological and
other glomerulopathies were diagnosed in 52 patients, which
is 24.3%. Nephroangiosclerosis was diagnosed in 15 of the
patients, glomerular lesion in diabetic nephropathy in 4 pa-
tients and glomerular lesions in amyloidosis in 3 patients
(Table 3). Other biopsy material presented 14% of the biop-
sied patients with positive findings and spoke in support of
end-stage GN (13 patients), Alport syndrome (2 patients),
postpartal thrombotic microangiopathy (1 patient), status af-
ter kidney transplantation (1 patient) or it was not possible to
come out of any known entity.

Discussion

Epidemiology of glomerular disease often shows some
peculiarities related to the geographic area, requiring a re-
gional monitoring and mutual comparison of morbidity in

different territories. This study presents the frequency of
some glomerular diseases diagnosed by biopsy of renal tissue
in the period of 20 years in Southeast Serbia (population over
1 million).

A large number of biopsy samples with insufficient
material is probably due to technical reasons of biopsy pro-
cedure (blind percutaneous renal biopsy) and in some degree
disparage the preciseness of results. According to our results,
1.6 biopsies were performed per 100 000 inhabitants per
year. This number is several times lower than the rates pres-
ent in Western European countries like Spain 3, Italy 4,
France 5, and the Czech Republic 6, or Australia 7, but is
similar to the rate of biopsies in Romania 8, whose registry is
one of the few renal biopsy registers of Eastern Europe, and
to the rate of biopsies obtained in another single centre study
conducted in Serbia, for the same period in a much larger
sample 9.

Biopsies in adult patients represented 88% of all biop-
sies, biopsies in children (aged under 18 years) represented
8%, while the biopsies in elderly patients (more than 60
years) represented 4% of all biopsies (Table 1). This rela-
tionship between the number of biopsies of children and the
elderly is quite different from the relationship presented in
the Spanish registry of renal biopsies, where renal biopsy in
children represented 7% and 22% in the elderly 3. These re-
sults show predominance of adults in the biopsied patients
and that a large number of elderly patients and children were
treated on the basis of clinical manifestations.

The predominance of male patients is reported with
male/female ratio of 1.4, which is consistent with data from
other international studies 3,7,10. From this, we can exclude
secondary forms of glomerulonephritis, in which the pre-
dominance of females was present, what can be explained by
a much higher incidence of systemic lupus in women (Table
1). However, male/female ratio is significantly different from
the results obtained in another single centre study conducted
in Serbia, for the same period in a much larger sample 9.

The most frequent clinical presentations in patients at
the time of biopsy were nephrotic syndrome (42.5%),
asymptomatic proteinuria and/or hematuria (31.3%) and
nephritic syndrome (14.9%). Other syndromes were signifi-
cantly less frequent (Table 2). These data are consistent with
the results from the Spanish 3 and Czech register 6, as well as
with data from a Japanese study with 1850 biopsied patients.
Also, data from another single centre study conducted in
Serbia were similar, except that the incidence of nephrotic
syndrome showed more pronounced dominance 9. However,
the obtained data differ the results from the Italian registry
where asymptomatic urinary abnormalities were more fre-
quent than nephrotic syndrome 4 and the results from the
Romanian registry where asymptomatic urinary abnormali-
ties were less frequent than all other syndromes 8 (Table 4).

According to the literature and larger registers 4, 11–13, a
difference between glomerular pathology in children, adult
and elderly population is clearly visible. With the increase of
the average number of years of biopsied patients reduces the
incidence of primary GN and increases the incidence of sec-
ondary forms of glomerular disease 3. The results of this
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study confirm the distribution of certain glomerular patologic
entities by the age of the group, although with less certainty,
possibly due to the relatively small number of biopsied pa-
tients (Table 2).

Similar to other registers, primary GN was proven in
about two thirds of biopsied patients 5, 6, while the secondary
form and non-immunological GN were equally presented
with one tenth of biopsied patients.

The most common was IgA nephropathy with an inci-
dence of 21.5% of total diagnosed glomerulopathies. This
frequency is most similar to the frequency of this entity in
the Netherlands 14 and Spain 3, and significantly lower than
reported in other European studies 4, 6, 8, 12. The most frequent
clinical presentation among this patients was asymptomatic
proteinuria and/or hematuria. All the patients with this histo-
pathological diagnosis in our study were younger than 50
years and only 4 of them were younger than 19 years.

Second most frequent glomerular disease, with an inci-
dence of 12.6% was membranous glomerulopathy. The pa-
tients in this group had a higher incidence of developed ne-
phrotic syndrome than all other histopathological groups. In
this group, histopathological finding of focal segmental pro-
liferative and sclerosing GN with an incidence of 10.7%, was
three times as frequent as isolated sclerosing form of this
finding.

Despite the fact that a small number of biopsies was
performed in children, the incidence of minimal change dis-
ease was significantly lower (2.8%) than in other European
and world studies 3, 4, 7, 15. Conservative treatment until
symptoms withdrawal and lack of technical conditions for
electron microscopy during the bombing of Serbia could be
just some of the reasons for these results.

In the group of secondary GN, lupus nephritis as a
dominant finding with the frequency of 8.4% is consistent
with all known registries. At the time of biopsy these patients
presented predominantlly nephrotic syndrome and asympto-

matic proteinuria and/or hematuria. The most frequent his-
tological form of lupus nephritis was diffuse proliferative lu-
pus nephritis (class IV) registered in 12 out of 18 patients,
followed by focal segmental lupus nephritis (class III) in 4
patients, mesangial lupus nephritis (Class II) in 1 patient, lu-
pus nephritis without histological changes (Class I) in 1 pa-
tient, while patients with membranousand (Class V) and end-
stage lupus nephritis (Class VI) was not registrated. Al-
though in a small sample and with lower frequency of mes-
angial lupus nephritis, these those are similar to results ob-
tained by Dimitrijevic et al. 16 on a sample of 311 patients
with lupus nephritis. In all the patients immunofluorescence
findings were positive primarily for IgG and C3 and in the
lower percentage on IgA, IgM and C4. All of 18 biopsy
specimens with this findings belong to women aged between
19 and 50 years, except in two cases of 17 and 14 years of
age (Table 3).

Conclusion

The obtained results lead to a conclusion that in the re-
gion of Southeast Serbia the rate of biopsied patients in order
to obtain accurate histological diagnosis of clinically mani-
fested glomerular disorders is significantly lower than in
European countries. Also, the age distribution of the biopsied
patients is significantly different compared to western Euro-
pean countries due to a small number of renal biopsies in
children and in elderly. Primary proliferative forms of glo-
merular disease is a dominant finding in the study group. The
frequency of respective histopathologic findings significantly
correlated with data from studies that we used for compari-
son, with the exception of minimal change disease whose in-
cidence in our study is lower. These data are a significant
contribution to the epidemiological analisys of glomerular
disease in Serbia and represent a database for comparison
and improvement of renal diseases treatment.
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Does the addition of Serenoa repens to tamsulosin improve its
therapeutical efficacy in benign prostatic hyperplasia?

Da li dodavanje Serenoa repens tamsulosinu poboljšava njegovu terapeutsku
efikasnost kod benigne hiperplazije prostate?

Aleksandar Argirovi *, Djordje Argirovi †
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†Outpatient Urology Clinic “Argirovi ”, Belgrade, Serbia

Abstract

Background/Aim. It has been observed that a large num-
ber of patients with low urinary tract symptoms due to be-
nign prostatic hyperplasia (LUTS/BPH)) has been treated
with a combination of tamsulosin (TAM) + Serenoa repens
(SR) (TAM + SR). The aim of this study was to compare a
combination TAM + SR with TAM and SR alone, to see if
there was any difference in efficacy and tolerance of each in
patients with LUTS/BPH. Methods. In this prospective
study patients had to have prostate volume (PV) < 50 mL,
International Prostate Symptom Score (IPSS) of 7–18,
Quality of Life score (QoLs) > 3, a maximal flow rate
(Qmax) of 5–15 mL/s, with post voiding residual volume
(PVR) < 150 mL and serum prostatic antigen (PSA) < 4
ng/mL. TAM (0.4 mg) was administered once a day, SR
(320 mg) daily or SR (320 mg) + TAM (0.4 mg) daily for a
median period of 6 months. Results. A total of 297 patients
were recruited, whereas 265 patients were fully available: 87
into the group TAM, 97 into the group SR and 81 into the
group TAM + SR. There was no statistically significant dif-
ference between the treatment groups in the sense of
demographic and other baseline parameters. No difference
was found among the 3 treatment groups, neither in the
major endpoint of the study in the sense of a change be-
tween baseline and final evaluation in total IPSS, obstructive
and irritative subscores, improvement of QoLs, increase in
Qmax, nor for the second endpoint including diminution of
PV, PSA and PVR. During the treatment period 20 (23%)
of the patients managed with TAM and 17 (21%) with TAM
+ SR had drug- treated with related adverse reactions. No
adverse effect was detected in the group SR. Conclusion.
Treatment of BPH by both SR and TAM seems to be effi-
cacious alone. None of them had superiority over another
and, additionally, a combined therapy (TAM + SR) does not
provide extra benefits. Furthermore, SR is a well-tolerated
agent that can be used alternatively in the treatment of
LUTS/BPH.

Key words:
prosthatic hyperplasia; adrenergic alpha-antagonists;
phytotherapy; treatment outcome.

Apstrakt

Uvod/Cilj. Uo eno je da veliki broj bolesnika sa simpto-
mima od strane donjih partija urotrakta izazvanih benignom
hiperplazijom prostate (SDPU/BHP) ima terapiju sa kom-
binacijom tamsulosina (TAM) + Serenoa repens (SR) (TAM +
SR). Ova studija imala je za cilj da uporedi kombinaciju
TAM + SR sa samo TAM i SR, da bi se videlo da li postoji
razlika izme u njih u pogledu efikasnosti i podnošljivosti
kod bolesnika sa SDPU/BHP. Metode. U ovoj prospektiv-
noj studiji bolesnici su imali volumen prostate (VP) < 50
mL, internacionalni prostata simptom skor (IPSS) 7–18,
ocenu kvaliteta života (KŽ) > 3, maksimalni protok urina
(MPU) 5–15 mL/s, sa volumenom rezidualnog urina (RU)
< 150 mL i prostata specifi nim antigenom (PSA) < 4
ng/mL. TAM (0,4 mg) je bio primenjivan jedan put dnevno,
SR u dozi od 320 mg dnevno, a kombinacija SR (320 mg) +
TAM (0,4 mg) dnevno za prose ni period od 6 meseci. Re-
zultati. Ukupno 297 bolesnika bilo je uklju eno u studiju, s
tim da je 265 bolesnika bilo dostupno potpunoj proceni: 87
u TAM grupi, 97 u SR grupi i 81 u TAM + SR grupi. Nije
bilo statisti ki zna ajne razlike izme u grupa u pogledu de-
mografskih i drugih parametara pri po etnoj proceni. Tako-

e, nije bilo razlike izme u tri grupe, kako u pogledu pri-
marnog cilja studije, promene izme u po etne i završne
ocene ukupnog IPSS, opstruktivnom i nadražuju em sup-
skoru, poboljšanju KŽ, pove anju MPU, kao ni u pogledu
sekundarnog cilja studije uklju uju i smanjenje VP, PSA i
RU. Tokom le enja, 20 (23%) bolesnika le enih TAM i  17
(21%) bolesnika na kombinaicji TAM + SR imali su neže-
ljene reakcije. Nije bilo neželjenih sporednih efekata u grupi
SR. Zaklju ak. Le enje BPH sa SR i TAM je podjednako
efikasno. Ni jedan od tretmana nema superiornost u odnosu
na drugi i dodatno, kombinovana terapija (TAM + SR) ne
doprinosi dodatnom poboljšanju efikasnosti. Štaviše, izgleda
da je SR dobro podnošljiv fitopreparat koji se može alterna-
tivno primeniti u le enju SDPU/BHP.

Klju ne re i:
prostata, hipertrofija; alfa blokatori; fitoterapija;
le enje, ishod.
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Introduction

Low urinary tract symptoms (LUTS) are frequently as-
sociated with benign prostatic hyperplasia (BPH) caused by
cellular hyperplasia of both glandular and stromal elements.
With an aging population the number of men affected by
BPH is likely to increase 1, 2. Symptoms severity appears to
be dependent, at least in part, on smooth muscle tone in the
prostate and bladder neck ³. Since medical inhibitors, in-
cluding alpha-blockers (ABs) 4, alpha-reductase inhibitors
(5-ARIs) and phytotherapeutic agents offer an attractive al-
ternative to surgery, the number of transurethral resections of
the prostate has declined in recent years 5, 6. However, the
tolerability of these agents varies. Some ABs are associated
with cardiovascular adverse events (AEs) (postural hypoten-
sion, dizziness, and headache) and 5-ARIs can lead to sexual
dysfunction 7.  Conversely, a drug with high affinity for al-
pha 1A-adrenoreceptors (tamsulosin) (TAM) may be more
prostate specific and may maintain the therapeutic response
in the treatment of symptomatic BPH with less effect on
blood pressure and fewer cardiovascular AEs 8. In selected
patients, a combination of AB and 5-ARI is the most effec-
tive form of BPH medical therapy to reduce the risk of clini-
cal progression, i.e. acute urinary retention (AUR) and BPH-
related surgery 9. On the other hand, increasing attention has
been focused on the use of phytotherapeutic agents to allevi-
ate the symptoms of BPH. The most described and studied
phytotherapeutic agent for the medical treatment of BPH is
etahnolic extract of Serenoa repens (SR) (Sabal serrulata)
derived from the berry of the American dwarf palm tree 10–12.
The antiandrogenic, antiproliferative and anti-inflammatory
complementary activities of SR extracts could constitute an
advantage over ABs to treated symptomatic BPH where both
“obstruction” and “irritation” are involved.

The aim of this prospective pilot study was to test the
hypothesis that the efficacy of combination TAM + SR is su-
perior to TAM and SR alone for the relief of LUTS/BPH.
The main endpoints of the study were changes in the total
International Prostate Symptom Score (IPSS), Quality of a
life score (QoLs), maximal flow rate (Qmax) and post void-
ing residual volume (PVR) from baseline to the last observa-
tion carried forward. This was applied only in naive patients
suffering from LUTS/BPH without previous treatment with
ABs, 5-ARIs or phytotherapy.

Methods

Between June 2008 and September 2010, 297 men aged
50–87 years, with symptomatic BPH were included in the
study containing 3 regimens: TAM (Tamsol®) 0.4 mg daily
(n = 98), SR (Prostamol uno®) and TAM 0.4 mg + SR 320
mg daily (n = 92), to compare the efficacy of each of these
treatment regimens. All the patients signed informed consent
form before any treatment. Pre-treatment procedures con-
sisted of collection of the medical history (including urologic
history), check of concomitant medications, physical exami-
nation [including digital rectal examination (DRE)], routine
laboratory tests [urine analysis, urine culture, creatinine,

prostate specific antigen (PSA)], total IPSS, irritative and ob-
structive  subscores, QoLs, prostate volumen (PV), Qmax
and PVR. The study was specially designed for medical
treatment of patients suffering from low risk of AUR and
BPH-related surgery. Inclusion criteria were men > 50 years
of age, a total IPSS of 7–18, QoLs >3, Qmax of 5–15 mL/s,
with PVR < 150 mL, PV < 50 mL, measured by transrectal
ultrasound (TRUS) and serum PSA 1.5–4 ng/mL. TRUS-
guided biopsies of the prostate were performed in patients
with PSA > 4 ng/mL, abnormal DRE, and/or suspicious
echogenicity on TRUS. The subjects with a significant blad-
der outlet obstruction (BOO) were excluded a priori from
the study (PVR > 200 mL, Qmax < 5 mL/s). Patients were
excluded from the study if they had the history of bladder
disease likely to affect micturition, urethral stenosis, prostate
and/or bladder cancer, bladder stone, previous pelvic radio-
therapy, recurrent urinary retention, neurogenic lower uri-
nary tract dysfunction, repeated infection of the urinary tract,
chronic bacterial prostatitis, or any other disease that can
cause urinary problems. Assessment visits were performed
head to head and were scheduled at randomization (day 0),
and latter at months 3 and 6. PV and PSA were measured at
selection and at endpoint, whereas the total IPSS, obstructive
and irritative subscore, Qols, Qmax and PVR were evaluated
at baseline and later every 3 months. Responders were de-
fined on the basis of IPSS and Qmax by decrease of > 25%
and increase of > 30% from baseline, respectively. The pa-
tients without subjective and objective improvement were
rejected from the study within 3 months from the initiation of
the treatment, after both patients and physicians had agreed
about that.

The Kruskal-Wallis test was used for comparison of the
groups and the Wilcoxon signed-rank test for analysis of the
baseline and a 6-month treatment parameters. A p value <
0.05 was considered statistically significant. Data processing
was done by SPSS package for Windows version 11.0.

Results

A total of 87, 97 and 81 patients were fully available
regarding the treatment regimen, according to TAM, SR
and TAM + SR, respectively. The main reason for study
discontinuation was voluntary withdrawal (1.3%), protocol
violation (2.4%), lack of efficacy (3.03%) and other rea-
sons (2.7%). Four (1.3%) patients were lost to follow-up
(Table 1).

The treatment groups had comparable distribution in
terms of age, body mass index, a total IPSS, irritative and
obstructive subscores, QoLs, Qmax, PVR, PV and PSA (Ta-
ble 2). The mean age was 64.9 ± 7.6 years.

After 6 months of the treatment, the mean decrease in
IPSS was -4.6, -6.1 and -4.9 in the TAM, SR and TAM + SR
groups respectively. The difference between IPSS values at
baseline and 6 months later were significant in each group (p
< 0.05). The patients in the group SR had a greater reduction
in symptoms than the other group. However, statistical
analysis did not reveal this expected difference between the
treatment regimens (p = 0.1). This difference between the
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groups in the mean total IPSS decrease was not observed in
the irritative part -1.7, -1.8 and -1.9 (p = 0.6) and the obstruc-
tive part -1.5, -1.4 and -1.3 (p = 0.5), for TAM, SR and TAM
+ SR, respectively. For the QoLs, the group TAM had an ini-
tial mean score of 3.5, which decreased for 2.1; the group SR
4.2 which decreased to 2.6; the group TAM + SR had the ini-
tial mean score of 3.5 which decreased for 2.2 after 6 months.
The 3 groups had lower mean score after the treatment but the
difference was not significant (p = 0.1). Six months following
the treatment, the mean increase in Qmax was similar in both
TAM and SR group (3.7 mL/s for TAM, 3.2 mL/s for SR), but
was slightly greater in the group TAM + SR (4.2 mL/s). The

patients in each group improved flow rates and the difference
between the Qmax values at baseline and 6 months later was
statistical significance in each group (p < 0.005), although the
difference was not statistically significant among groups with
regard to increase in Qmax values (p = 0.3). The improvement
of PVR volume was not statistically different among the
groups which decreased by 29.6, 28.1 and 25.4 mL, respec-
tively (p = 0.4). Six months following the treatment the mean
PV had decreased by 1.0, 0.7 and 0.8 mL, respectively. The
difference was not significant (p = 0.6). The decrease in PSA
was more pronounced in the groups SR, but the difference was
not statistically significant (p = 0.25) (Table 3).

Table 3
Mean changes and ameliration rate in efficacy parameters from baseline to endpoint of the study

Parameters TAM (n = 87) SR (n = 97) TAM + SR (n = 81) p
IPSS total score,  ± SD
[amelioration rate (%)]

- 4.6 ± 3.3,
(28.4)

- 6.1 ± 2.7,
(33.9)

- 4.9 ± 2.3,
(31.4) 0.1

IPSS obstructive subscore,  ± SD
[amelioration rate (%)]

-1.5 ± 2.4,
(16.7)

-1.4 ± 3.1,
(13.8)

-1.3 ± 2.8,
(15.1) 0.5

IPSS irritative subscore,  ± SD
[amelioration rate (%)]

-1.7 ± 2.8,
(26.6)

-1.8 ± 0.9,
(26.9)

-1.9 ± 9.4,
(28.8) 0.6

QoL  score,  ± SD
[amelioration rate (%)]

- 2.1 ± 0.8,
(60)

-2.6 ± 0.9,
(61.9)

- 2.2 ± 1.0,
(62.9) 0.1

Qmax (mL/s),  ± SD
[amelioration rate (%)]

+3.7 ± 2.6,
(35.2)

+3.2 ± 2.2,
(34.1)

+4.2 ± 2.5,
(42.4) 0.3

PVR (mL),  ± SD
[amelioration rate (%)]

- 23.6 ±20.2,
(36.0)

-28.1 ± 22.6,
(41.7)

-25.4 ± 14.8,
(39.9) 0.4

PV (mL),  ± SD
[amelioration rate (%)]

- 1.0 ± 0.6,
(2.6)

-0.7 ± 0.1,
(2.0)

- 0.8 ± 0.3,
(2.6) 0.6

PSA (ng/mL),  ± SD
[amelioration rate (%)]

- 0.1 ± 0.2,
(4.8)

-0.3 ± 1.4,
(15)

- 0.25 ± 0.2,
(14.7) 0.25

SD – standard deviation, TAM – tamsulosin; SR – Serenoa repens; IPPS – International Prostate Symptom Score; QoL – Quality of life; Qmax – maximal flow
rate; PVR – post-voiding residual volume; PV – prostate volume; PSA – prostate specific antigen.

Table 1
Reasons for premature discontinuation per the treatment group

Variable TAM (n = 98)
n (%)

SR (n = 107)
n (%)

TAM + SR (n = 92)
n (%)

Completed study treatments 87 (88.8) 97 (80.7) 81 (88.0)
Discontinued study treatment 11 (11.2) 10 (9.3) 11 (12)
Lost to follow-up 1 (1.02) 1 (0.9) 2 (2.2)
Discontinued due to:

protocol violation 3 (3.06) 2 (1.8) 2 (2.2)
patient’s decision 2 (2.04) 1 (0.9) 1 (1.1)
other reasons 2 (2.04) 2 (1.8) 4 (4.4)
lack of efficacy 3 (3.06) 4 (3.6) 2 (2.2)

TAM – tamsulosin; SR – Serenoa repens; n – number of patients.
Table 2

Demographic and other baseline parameters (  ± SD)
Parameters TAM (n = 87) SR (n = 97) TAM + SR (n = 81) p
Age (years) 56.8 ± 7.7 59.2 ± 7.8 65.9 ± 7.4 0.27
Body mass index (kg/m2) 28.0 ± 3.4 26.7 ± 2.5 27.8 ± 2.3 0.40
IPSS total score 16.2 ± 4.7 18.0 ± 4.9 15.6 ± 3.2 0.21
IPSS obstructive subscore 9.0 ± 3.5 10.1 ± 4.2 8.6 ± 3.2 0.85
IPSS irritative subscore 6.4 ± 2.8 6.7 ± 3.1 6.6 ± 2.5 0.91
QoL score 3.5 ± 1.1 4.2 ± 1.2 3.5 ± 1.1 0.08
Qmax (mL/s) 10.5 ± 2.8 9.4 ± 2.9 9.9 ± 2.4 0.49
PVR (mL) 65.5 ± 33.3 67.4 ± 27.7 63.7 ± 23.7 0.76
PV (mL) 38.6 ± 11.6 35.2 ± 10.3 31.2 ± 4.2 0.07
PSA (ng/mL) 2.1 ± 0.9 1.9 ± 0.9 1.7 ± 0.7 0.41

SD – standard deviation, TAM – tamsulosin; SR – Serenoa repens; IPPS – International Prostate Symptom Score; QoL – Quality of life; Qmax – maximal flow
rate; PVR – post-voiding residual volume; PV – prostate volume; PSA – prostate specific antigen.
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At endpoint, the percentage of patients negatively af-
fected by urinary symptoms (feeling mostly dissatisfied, un-
happy, and terrible) was reduced by > 50% in the groups
TAM, SR and TAM + SR (from 66.7% to 34.5%, from
63.1% to 34.7% and from 64.2% to 22.7%, respectively) (p <
0.001) (Table 4).

During a 6-month treatment period, 20 (23%) of the
patients managed with TAM and 17 (21%) patients with
TAM + SR, had some degree of drug related AEs. For most
of these patients (79%) the AEs were mild. The most fre-
quently reported AEs were reduced or absent ejaculations
during orgasm and a headache. The mean improvement of
total IPSS was greater in the men experiencing ejaculatory
disorders (10.7%) than in those who did not (-7.3 ± 3.3 vs -
6.1 ± 2.3) (p = 0.04) but not regarding Qmax (-4.0 ± 2.3 vs -
3.4 ± 2.5) (p = 0.07). A headache was reported by a slightly
higher percentage of subjects in the group TAM + SR (6.1%)
compared to the group TAM (5.9%), but without statistically
significant difference. However, these AEs did not result in
withdrawal from the study. No AE, were detected in the
group SR (Table 5).

Discussion

The use of phytotherapy in treating LUTS/BPH has
been popular in Europe for many years and has recently
spread in the USA. In some studies the efficacy of SR was
found to be equivalent to 5-ARI and Abs ¹², ¹³. However, re-
cently updated Cochrane report summarized the clinical re-
sults of 30 randomized trials comprising 5.222 men. SR was
compared as mono or combination preparations either with
placebo, other plant extracts (Pygeum africanum, Ustica di-

oica), the 5-ARI (finasteride), or AB (TAM). The mean fol-
low-up of these trials varied between 4 and 60 weeks. The
Cochrane report concluded that SR was not superior to pla-
cebo, finasteride, or TAM with regard to IPSS improvement,
increase in Qmax or prostate size reduction. For nocturia SR
was significantly better than placebo (mean weight differ-
ence -0.78) 14.

Direct comparative randomized controlled trials have
shown the superior efficacy of ABs over placebo, whereas
the combination of 5-ARI and an AB was more effective
than the AB alone 15. Although the combination of an AB
and SR was frequently used in some European countries, in-
cluding Serbia, at the time of preparing this study, its supe-
rior efficacy over AB and SR alone had not been fully inves-
tigated. Therefore, this question was addressed to direct
comparative trial.

The results of our study demonstrate that TAM and SR
are equivalent to a combination TAM + SR in the manage-
ment of these patients. After 6 months, all the treatment
groups induced practically the same mean reduction in total
IPSS (-4.6 vs -6.1 vs -4.9 points) with 2/3 of men responding

to the treatment by a decrease of 3 points or more. For all the
treatment groups the mean percentage change from baseline
and after 6- months was similar (28.4% for TAM, 33.9% for
SR and 31.4% for TAM + SR).  This data correlates with the
results reported in other series 14, 16. However, the difference
in total IPSS in TAM vs the group TAM + SR was slightly
higher in the study of Glemain et al. 17 (-5.2 vs -6.0). The
greatest improvement in total IPSS was observed in those
patients with greatest severity of disease 18. No differences
were observed among the treatment groups from baseline to

Table 4
Summary of quality of life scores related to urinary simptoms

Variable TAM (n = 87)
n (%)

SR (n = 97)
n (%)

TAM + SR (n = 81)
n (%)

Baseline
Delighted, pleased or mostly satisfied 7 (8.0) 9 (8.1) 7 (8.6)
Mixed: about equally satisfied and unsatisfied 22 (25.3) 28 (28.6) 22 (27.2)
Mostly dissatisfied, unhappy or terrible 58 ( 66.7) 60 (63.1) 52 (64.2)

Endpoint
Delighted, pleased or mostly satisfied 38 (43.7) 42 (44.2) 36 (44.4)
Mixed: about equally satisfied and unsatisfied 19 (21.8) 22 (23.2) 21 (25.9)
Mostly dissatisfied, unhappy or terrible 30 (34.5) 33 (34.7) 24 (22.7)

n – number of patients; TAM – tamsulosin.

Table 5
Adverse events summary

Parameters TAM (n = 87) SR (n = 97) TAM + SR (n = 81)
Any, n (%) 67 (77.0) 97 (100) 64 (79.0)
Rhinitis, n 1 – –
Fatigue, n 1 – –
Dizziness, n 1 – 1
Postural hypotension, n 1 – 1
Dry mouth, n 1 – 1
Libido decrease, n 1 – 1
Ejaculation disorders, n 10 – 8
Headache, n 4 – 5
Total adverse events, n (%) 20 (23.0) – 17 (21.0)
TAM – tamsulosin; SR – Serenoa repens; n – number of patients.
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endpoint of the study in terms of irritative and obstructive
symptoms, corresponding with data providing from other
studies 16, 17.

We reported the improvement in QoLs of -2.1, -2.6 and
-2.2 in each group. However, the improvement of QoLs was
lower for TAM vs TAM + SR, -1.0 vs -1.3, in the study re-
ported by Glemain et al. 17.

In the present study, the mean increase in Qmax (3.7
mL/s, 3.2mL/s and 4.2 mL/s) strongly correlates with data
providing from Hizli and Uygur 16, whereas mean changes of
1.3mL/s (TAM) and 1.2mL/s (TAM+SR) are reported in
other study 17.

Limited studies have evaluated PVR in measuring the
response to treatment 16. We measured PVR to assess the ef-
ficacy of treatment regimens and found a mean decrease of
23.6 mL, 28.1 mL and 25.4 mL, respectively.

We found that the addition of SR has no significant ef-
fect on PSA levels, consistent with earlier results 19. In fact,
decreasing PSA would not be a desire result of a BPH medi-
cation, because it may mask or delay the detection of pro-
static carcinoma. This is in contrast with 5-ARI 15.

PV was found to be decreased by SR in 3 uncontrolled
stdies 20–22, but this was not confirmed in controlled stud-
ies 10, 11.We found the mean decrease in PV of -1.0 mL, -0.7
mL and 0.8 mL for the groups TAM, SR and TAM + SR, re-
spectively, but they were not statistically significant. TAM ef-
ficacy does not depend on prostate size and is similar across
age group. However, TAM does not reduce prostate size 23.

The occurrence of AEs was similar in the groups TAM
and TAM + SR (23% vs 21%). Retrograde ejaculation was
the most common TAM related AE (10.7%). The mean im-
provement of IPSS was greater in the men experiencing this
AE than in the men who did not. For the older BPH patients
who experienced retrograde ejaculation, it might be a small
trade for the rapid and significant relief of urinary symptoms
that treatment with TAM offered. Retrograde ejaculation is a
characteristic AE of ABs with the occurrence in 4%–11% of
patients and that has been shown to be reversible after ad-
ministration of the drug has been stopped 24. In short, our re-
sults confirm that AEs are commonly associated with TAM,
whereas SR is a well-tolerated agent used for LUTS/BPH.

The best of our knowledge shows that only one study
has compared TAM and SR alone with combination of TAM
+S R in treatment of LUTS/BPH 16, 17. The number of 60 pa-

tients included in this study (20 in each group) with follow-
up of 6 months, is too small to be absolutely confident about
these results. The OCOS trial included 329 patients managed
with TAM (n = 161) and TAM + SR (n = 168) with the mean
follow-up of 52 weeks. No statistically significant difference
was found between these groups, neither for the change in
IPSS between the baseline and final evaluation, nor for the
improvement of the irritative and obstructive subscore, QoLs
and Qmax. However, the group SR was not included in this
study 17.

Although the efficacy of the 3 treatment groups can
only be reliably determined with placebo-controlled stud-
ies, clinically relevant information can still be gained from
comparative trials, and for this reason a placebo group was
not included in the present study. The follow-up was rela-
tively short (6 months) in comparison to 12 months in other
trials 11, 14, 17. There is also a financial implication with the
use of SR because reimbursement of cost by health insurance
in Europe, including Serbia, is not contemplated. However,
trials exploring efficacy of new AB silodosin have a follow-
up of only 3 months 25, 26. We investigate currently the com-
bination of AB with phytotherapeutical agent isoflavone ex-
tracted from red clover (trifolium pretense) during the treat-
ment period of 3 months in patients with mild and moderate
symptomatic BPH.

Overall, it appears that phytotherapy with SR is as valid
pharmacotherapy as Abs in management of men with
LUTS/BPH. Indeed, it may have less adverse effects and be
better tolerated. What is certain is that urologist should be
aware and informed about phytotherapy as it inevitably be-
comes part of the standard medical therapy for men with
LUTS/BPH.

Conclusion

We find that treatment of BPH with both TAM and SR
alone seems to be equally effective in reducing urinary ob-
struction, in proving symptomatology and QoLs, whereas a
combined therapy (TAM + SR) does not provide extra bene-
fits. Furthermore, SR is a well-tolerated agent that can be
used alternatively in treatment of LUTS/BPH. The limitation
of our study is a relatively short follow-up. Large prospective
randomized studies with longer follow-up periods are needed
to clarify more the efficacy of SR in treatment of BPH.
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Abstract

Background/Aim. Ovarian cancer (OC) comprises 3% of
all cancers, but it is the fifth most common cause of cancer
death in women. The aim of this case-control study was to
determine the risk factors for OC in the female population of
Belgrade, Serbia. Methods. A total of 80 consecutive patients
were enrolled in the study between 2006 and 2008 in two na-
tional referral centers for OC in Serbia. The control subjects
were recruited during the regular gynecological check-ups in
the Public Health Center of the corresponding municipalities.
All the study participants were interviewed during their visits
to the above mentioned institutions by two physicians using
the same questionnaire. In order to analyze the influence of
specific exposure to the risk of the disease, we categorized
variables according to the cut-off values. Odds ratios (OR)
and 95% confidence intervals (95% CI) were calculated sepa-
rately for each variable using univariate conditional logistic
regression analysis. Results. There were no statistically sig-
nificant differences in educational level, years of schooling,
occupational and employment status between patients with
OC and women in the control group. Oral contraceptives use
and other contraceptive methods (condoms, mechanical
contraceptive devices) were highly statistically significantly
more frequent among women in the control group (OR =
0.2, 95% CI 0.1–0.7, p = 0.005; OR = 0.1, 95% CI 0.01–0.5, p
= 0.001, respectively). The patients with OC practiced sports
for 6.3 ± 2.1 years, and controls for 11.8 ± 9.9 years. Sport
and recreation activities were statistically significantly protec-
tive (OR = 0.2, p = 0.011; OR = 0.4, p = 0.019). Tea con-
sumption on daily basis had a highly statistically significat
protective effect (OR = 0.3, p = 0.001). Conclusions. Oral
contraceptives use and physical activity were independent
protective factors for OC in this study.

Key words:
ovarian neoplasms; risk factors; motor activity;
contraceptive agents.

Apstrakt

Uvod/Cilj. Karcinom ovarijuma ini 3% od svih karicnoma, i
zauzima 5. mesto me u naj eš im uzrocima smrti od karcino-
ma kod žena. Cilj ove studije bio je da se utvrde faktori rizika
od nastanka epitelijalnog karcinoma ovarijuma u ženskoj po-
pulaciji Beograda. Metode. Studija je izvedena u periodu od
2006. do 2008. godine. Ukupno 80 bolesnica iz dva tercijarna
centra u Beogradu sa dijagnozom epitelijalnog karcinoma ova-
rijuma uklju eno je u studijsku grupu. Kontrolnu grupu inile
su žene koje su dolazile na redovne godišnje ginekološke pre-
glede u domove zdravlja opština u kojima su živele. Podatke su
prikupljala dva lekara putem upitnika. U cilju procene uticaja
specifi ne izloženosti riziku od pojave bolesti, varijable su kate-
gorisane prema grani nim (cut-off) vrednostima. Unakrsni odnos
(odds ratio – OR) i 95% interval poverenja (95% IP) izra unava-
ni su za svaku varijablu pojedina no koriš enjem univarijantne
logisti ke regresije. Rezultati. Izme u grupe bolesnica i kon-
trole grupe nije postojala statisti ki zna ajna razlika u nivou ob-
razovanja, dužini školovanja, zanimanju i zaposlenosti. Oralni
kontraceptivi i druge metode kontracepcije (prezervativi, me-
hani ka kontraceptivna sredstva) bili su statisti ki visokozna-
ajno eš e koriš eni me u ženama u kontrolnoj grupi nego

kod bolesnica sa ovarijalnim karcinomom (OR = 0,2; 95% IP
0,1–0,7; p = 0,005 za oralne kontraceptive; OR = 0,1, 95% IP
0,01–0,5 p = 0,001 za druge metode kontracepcije). Ispitanice
sa ovarijalnim karcinomom bavile su se sportom u proseku 6,3
± 2,1 godine, dok je za one iz kontrolne grupe taj period u pro-
seku iznosio 11,8 ± 9,9 godina. Sport i rekreacija imali su statis-
ti ki zna ajan zaštitni efekat na nastanak ovog tumora (OR =
0,2, p = 0.011; OR = 0,4, p = 0,019, redom). Statisti ki visoko-
zna ajan zaštitni efekat imala je dnevna konzumacija aja (OR
= 0,3, p = 0,001). Zaklju ak. Upotreba oralnih kontraceptiva i
fizi ka aktivnost bili su nezavisni zaštitni faktori od nastanka
epitelijalnog karcinoma ovarijuma u našoj studiji.

Klju ne re i:
jajnik, neoplazme; faktori rizika; motorna aktivnost;
kontrola ra anja, sredstva.
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Introduction

Ovarian cancer (OC) comprises 3% of all cancers, but it
is the fifth most common cause of cancer death in women 1.
The 5-year relative survival rate ranges from 30% to 45%,
without significant improvement in the past years even
though the new methods in therapy have been used 2–4. The
highest incidence rates of OC have been registered in Scan-
dinavia, Eastern Europe and Canada, where it varies between
10 and 15 per 100,000 women 5. The lowest ones were found
in Asia (excluding Japan) and Africa, with less than 5 per
100,000 women 6. In Serbia, the standardized incidence rate
in 1999 was 9.7 per 100.000, while in 2005 it rose up to 11.5
per 100.000 7.

Risk factors for OC are still not well established. Age,
family history of OC, infertility treatment and assisted fer-
tilization, hormonal substitution in menopause, and obesity
are potential factors in favor of developing the OC 8, 9. Also,
it has been noted that nulliparous women have an increased
risk for OC 8, 10. On the other hand, it has been well defined
and quantified that the use of oral contraceptives decreases
the risk 6 as well as multiple pregnancies. In addition, tubal
ligation, hysterectomy and lactation are found to be protec-
tive factors, too 11.

Genetic factors also play an important role in the etiol-
ogy of this tumor. The mutation of genes BRCA-1 and
BRCA-2 in 17q are identified in two separate types of he-
reditary carcinomas. Another hereditary type of OC is found
in cancer family syndrome Lynch type 2 12. As for environ-
mental factors, it has been suspected that talc and asbestos
may influence the onset of the disease, due to the fact that
the highest incidence rates occur in highly industrialized
countries. Some migrant studies have shown that when
women from an undeveloped or developing country move to
industrialized country develop OC 10, while certain case-
control studies pointed out that high intake of animal fat, al-
cohol and smoking may increase the risk 13.

Regarding burden of OC in our country, official data
revealed it as the 7th most frequent cause of cancer-related
death as well as the 2nd most common cause in gynecologi-
cal cancer deaths in the Serbian female population 7. Fur-
thermore, recent investigation showed statistically significant
increase in OC mortality trend during the period 1976–
2007 14. Thus, the aim of this study was to determine the risk
factors for OC in the population of Belgrade (Serbia).

Methods

This case-control study included 80 consecutive pa-
tients treated and followed in the Department of Gynecology
and Obstetrics of the Clinical Center of Serbia and the Clinic
of Gynecology and Obstetrics "Narodni Front" in Belgrade,
between 2006 and 2008. Both of these hospitals are the na-
tional referral centers for OC in Serbia. All cases resided on
the territory of Belgrade and had histologically verified diag-
nose of epithelial OC. The control group consisted of 160
women, double matched according to age (± 2 years) and
municipality of residence. For the study period, the control

subjects were recruited during regular gynecological check-
ups in the Public Health Center in corresponding municipali-
ties. These women had no malignant tumors and/or hor-
mone-dependent problems. All women, in both groups,
signed the informed consent for the participation in the
study. The research was approved by the Institutional Re-
view Committee. Written informed consents were obtained
from the study participants.

All the study participants were interviewed during their
visits to the above mentioned institutions by two physicians
using the same questionnaire to collect demographic infor-
mation, as well as information regarding personal and family
history, lifetime residence, particular lifestyle (smoking, al-
cohol and coffee intake), occupational exposures to radiation
and chemicals, as well as reproductive history. Smokers were
defined as persons who reported everyday smoking during a
60-day period prior to completing the questionnaire. To as-
sess sport and recreation activities participants were asked if
they do moderate activities for at least 10 minutes at a time,
such as brisk walking, cycling, swimming, or any other ac-
tivity that causes some increase in breathing or heart rate. In
order to analyze the influence of specific exposure to the risk
of the disease, we categorized variables according to the cut-
off values. These values were determined based on the mean
(± SD) level of variables investigated in the control group.
All questions were referring to the 5-year period prior to the
diagnosis or the corresponding period for the controls. This
was supplemented and validated by an examination of the
medical records.

Odds ratios (OR) and 95% confidence intervals (95%
CI) were calculated separately for each variable using uni-
variate conditional logistic regression analysis. Variables that
were related to OC at a significant level of p < 0.05, entered
the final model of multivariate conditional logistic regression
analysis to evaluate their independent contribution to the
overall risk of OC.

Results

The average age of women in the study and the control
groups was 56.1 ± 10.8 years and 56.7 ± 10.6 years, respec-
tively.

Average income in patients was 245.52 ± 10.2 euros as
opposed to the control group, where it was around 534 ±
146.5 euros. Lower family income (  250 euros a month)
was statistically significant risk factor for OC, with OR = 2.5
(95% CI 1.4–4.3), p = 0.001. Also, the living space in the
study group it was in average 56.5 ± 23.0 m² while in the
control group was 64.3 ± 67.3 m², thus the calculated OR
was 2.0 (95% CI 1.1–3.6), p = 0.018, which was statistically
significant.

The characteristics of OC cases and controls regarding
education level and occupational history are presented in Ta-
ble 1. There were no statistically significant differences in
educational level, years of schooling, occupational and em-
ployment status between patients and the controls.

Considering the existing major chronic diseases in both
study groups, occurrence of cardiovascular (OR = 2.0, 95%
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CI 1.1–3.4, p = 0.015), gynecological (OR = 2.2, 95% CI
1.2–4.2, p = 0.015) and other chronic diseases (degenerative
rheumatic diseases and chronic obstructive pulmonary dis-
ease) was found statistically significantly more frequent in
women with OC (OR = 1.9, 95% CI 1.1–3.4, p = 0.025). The
most common benign gynecological disorders were myomas
and polyps of the uterus and condylomata.

Analysis of diseases in the family history showed that
only cardiovascular diseases were more frequently registered
in the study group compared to the controls (OR = 2.6, 95%
CI 1.5–4.1, p = 0.001).

There were no statistically significant differences be-
tween the OC patients and their controls in terms of mean

age at first menarche (OR = 1.5, 95% CI 0.7–3.4, p = 0.303),
lenght of menstrual cycle (OR = 1.5, 95% CI 0.6–3.7, p =
0.388) and its duration (OR = 1.1, 95% CI 0.5–2.8, p =
0.757). Statistically significant differences were not regis-
tered regarding the number of pregnancies (OR = 1.0, 95%
CI 0.6–1.8, p = 0.926) and the number of deliveries (OR =
0.7, 95% CI 0.3–1.6, p = 0.372). Less duration of breast-

feeding (5.7 ± 7.2 months vs 7.2 ± 4.9 months) was fre-
quently observed in the OC group than in the control group
(OR = 1.7, 95% CI 0.9–2.9, p = 0.082).

Oral contraceptives use and other contraceptive meth-
ods (condoms, mechanical contraceptive devices) was highly
statistically significantly more frequent among women in the
control group (OR = 0.2, 95% CI 0.1–0.7, p = 0.005; OR =
0.1, 95% CI 0.01–0.5, p = 0.001, respectively) (Table 2).
Hormone replacement therapy use was more frequent in the
control group without statistical significance. Hormone ther-
apy for any other reason including infertility treatment was
more frequent among the OC patients but also without a sta-
tistical significance.

Women in the case group smoked for on average, 23.5
± 8.9 years while in the control group 18.4 ± 6.8 years. The
mean number of cigarettes smoked per day was 23.1 ± 6.4 in
the OC group and 18.5 ± 6.4 among controls. Longer dura-
tion of smoking as well as higher  amount of cigarettes (per
day) were statistically significantly more frequent in the
study group in comparison to the controls (Table 3). Coffee

Table 1
Characteristics of the ovarian cancer cases and the controls regarding education level and occupational history

Variable Cases  (n = 80)
n

Controls (n = 160)
n

OR
(95% CI) p

Education
no/incomplete primary school
primary school
manufacturer
secondary school
superior school
university

4
8
4
32
20
12

1
10
9

95
19
26

0.6
(0.3–1.1)

0.064

Schooling (years)
 12
 13

48
32

109
51

0.7
(0.9–1.2)

0.161

Occupation
housewife
worker
administrator
professional

13
24
24
19

11
65
48
36

0.9
(0.5–1.7)

0.762

Employment status
employed
unemployed/retired

28
52

69
91

0.7
(0.4–1.2)

0.227

Duration of employment (years)
 27
 28

29
45

59
99

1.1
(0.6–1.9)

0.787

OR – odds ratios; CI – confidence intervals.

Table 2
Use of oral contraceptives and hormones

Variable Cases  (n = 80)
n

Controls (n = 160)
n

OR
(95% CI) p

Use of oral contracepties
yes
no

2
77

23
137

0.2
(0.1–0.7) 0.005

Use of other contraceptive methods
yes
no

1
78

23
135

0.1
(0.01–0.5) 0.001

Use of hormonal  supstitution therapy
yes
no

2
78

5
155

0.8
(0.1–4.8) 0.571

Hormonal treatement for any reason
yes
no

12
68

14
145

1.8
(0.8–4.2) 0.151

Hormonal therapy for infertility
yes
no

7
73

5
152

2.9
(0.9–9.5) 0.074

OR – odds ratios; CI – confidence intervals.
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intake was 5.6 times higher in women with OC (p = 0.023).
Longer period of coffee consumption was also statistically
more frequent in this group (OR = 3.8, p = 0.001). Tea con-
sumption on daily basis had a highly statistically significant
protective effect (OR = 0.3, p = 0.001).

Body height and body mass index (BMI) showed that
women in both groups did not differ in mass at the age of 18
(56.5 ± 5.3 kg vs 57.5 ± 7.7 kg, p = 0.340), nor within a 5-year
prior to their illness (71.2 ± 7.4 kg vs 71.0 ± 11.5 kg, p =

0.888). However, the average body height at the age of 18 was
statistically significantly higher among the OC patients (170.8
± 4.7 cm) compared to controls (168.4 ± 6.7 cm) (p = 0.007).

Sport and recreation activities of the study participants
are presented in Table 4. The patients with OC practiced
sports for 6.3 ± 2.1 years, and the controls for 11.8 ± 9.9
years. According to the results of our study, sport and rec-
reation activities were statistically significantly protective
(OR = 0.2, p = 0.011; OR = 0.4, p = 0.019). The women in

Table 3
Smoking and coffee consumption

Variable Cases  (n = 80)
n

Controls (n = 160)
n

OR
(95% CI) p

Smoking
yes
no

40
40

67
91

1.4
(0.8–2.3) 0.266

Years of smoking
21+

 20
31
7

29
37

5.6
(2.2–14.6) 0.001

Number of cigarettes smoked per day
 21
 20

20
20

13
54

4.1
(1.7–9.9) 0.001

Years of smokers for former smokers
 16
 17

11
6

11
13

2.2
(0.6–7.8) 0.236

Coffee consumption
yes
no

78
2

140
20

5.6
(1.3–24.5) 0.023

No. of cups per day
 3
 2

47
31

75
65

1.3
(0.7–2.3) 0.341

Years of coffee consumption
 21
 20

47
28

42
94

3.8
(2.1–6.8)

0.001

Tea consumption
every day
from time to time

13
66

49
79

0.3
(0.1–0.6) 0.001

*Current and former smokers; OR – odds ratios; CI – confidence intervals.

Table 4
Sports and recreation

Variable Cases  (n = 80)
n

Controls (n = 160)
n

OR
(95% CI) p

Practising sports
yes
no

3
76

26
134

0.2
(0.1–0.7) 0.011

Years of sport practise
 7
 6

2
1

18
7

0.8
(0.1–10.0) 0.847

Hours per week in sport practise
 5
 4

1
2

15
6

0.2
(0.1–2.6) 0.222

Recreational activities
yes
no

8
71

37
123

0.4
(0.1–0.8) 0.019

Intensity of physical activity
quite exhausting
energetic
moderate

2
4
74

9
17
132

0.5
(0.3–1.1) 0.080

Grading of professional activities regard-
ing physical effort*

quite hard
hard
average
standing
mostly sitting

0
3
24
8
22

10
7

63
25
51

0.3
(0.1–1.2) 0.090

Number of hours per day seated in leisure
 4
 3

46
32

61
75

1.8
(1.0–3.1) 0.048

*Quite hard, hard vs. average, standing, mostly sitting; OR – odds ratios; CI – confidence intervals.
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the control group were practicing sports for more years and
for more hours weekly than the cases, without a statistical
significance.

Additionally, women in the study group were seated for
4.1 ± 3.1 h per day during their working time while for the
women in the control group it was 4.6 ± 2.6 h (p = 0.366).
The average time in sitting position in their leisure was 3.4 ±
1.4 h in the study group as opposed to the control group,
where it was 4.0 ± 2.3 h (p = 0.033). A greater number of
hours in sedentary position was statistically significantly
more frequent in the study group than in the control one (OR
= 1.8, 95% CI 1.0–3.1, p = 0.048).

All variables related to OC at a significant level of p <
0.05 using univariate logistic regression analysis were in-
cluded in the model of multivariate logistic regression analy-
sis. According to multivariate analysis the following factors
were significantly negatively related to OC: oral contracep-
tive use (OR = 0.1, 95% CI 0.1–0.5, p = 0.009) and recrea-
tion activities (OR = 0.3, 95% CI 0.1–0.7, p = 0.007).

Discussion

In our case-control study conducted between 2006 and
2008 in Belgrade, Serbia, we included 80 OC patients and 160
controls. The results we found in this study indicate that the
use of oral contraceptives, as well as sports and recreation ac-
tivities statistically significantly decrease the risk of OC.

A strong evidence of negative association between oral
contraceptives use and the occurrence of OC has been re-
corded in a number of studies 15–19. Oral contraceptives have
a long-term favorable effect on the OC risk 20. Specifically,
this phenomenon occurs due to the reduction in estrogen lev-
els in the ovaries and prevention of the ovulation 15, 21. Even
a short-term oral contraceptive use has been reported to re-
duce the risk 22. Our results confirm this well-documented
and defined association.

Even though the relationship between physical activity
and the risk of hormone-dependent tumors (such as breast
and endometrium cancer) have been known 23–26, there is
only a small number of studies regarding the effect of exer-
cising on OC. The two studies in the US and China reported
a decreasing risk of OC among women who exercise some
kind of physical activity 27, 28. However, a Swedish prospec-
tive cohort study found no such evidence 29. Being a hor-
mone-dependent tumor, OC largely depends on oscilations of
estrogen. Physical activity affects adipose tissue by reducing
it, thus mobilizing hormone depots. Also, certain theories
suggest that very strenuous physical activity induces late
menarche, ammenorrhea and anovulatory cycles 30–32. In ad-
dition, some authors 19, 33 registered that older age at men-
arche has a protective effect upon OC, but our study did not
show any link between these two variables.

In a pooled analysis of case-control studies Ness et al. 34

found no association between the use of fertility drugs and
overall risk of OC which is in accordance with the results

obtained in our study. On the other hand, systematic review
and meta-analysis performed by Greise et al. 35 showed that
both menopausal estrogene and progestin therapies are the
risk factors for OC.

Many authors 15–19 have reported nulliparity to be
strongly associated with the ccurrence of OC, but in our
sample of patients no significant difference in parity between
the cases and the controls was found. Our patients also brest-
fed for shorter period. Moorman et al. 15 reported breast-
feeding to be protective factor for the occurence of OC. They
had lower family income and were of less educational level
which is in concordance with the findings of  El-Khwsky et
al. 16 in Egypt and Song et al. 18 in China, whereas Zhang et
al. 36 from the USA reported opposite results.

The women with OC were taller at the age of 18, but as
for BMI no relationship was established. Moorman et al. 15

registered body height and BMI of 35 and over to be the risk
factors for this tumor. Greer et al. 22 reported that women
who had greater both recent weight and weight at the age of
18 were at higher risk of OC. Beehler et al. 37 showed that
obese, premenopausal women have 2  times more chance of
developing OC. However, they have not recorded any asso-
ciation between BMI in postmenopausal women and OC,
which corresponds to our findings, that BMI does not carry
any risk of this disease.

Smoking is often associated with many types of can-
cers 33 and our research confirmed that the cases smoke more
than their controls. However, controls drank more tea and
coffee on daily basis. Data on this issue in literature is con-
troversial. Some studies 18, 36 have shown protective effect of
the green tea, as opposed to black tea. Our study did not di-
vide teas into categories. And that neither caffeinated or de-
caiffenated coffees were associated with the risk of OC,
which opposes to our findings 18.

One can criticize that the recall bias may have influ-
enced the results in this case-control study and the size of our
study groups. In addition, population controls may have been
more appropriate and therefore our study is certainly subject
to selection bias. In the present research we did not look for
specific dietary patterns of our patients, even though certain
articles suggest micronutrients such as calcium, vitamin E
and beta-carotene have protective effect upon occurrence of
OC 38, 39 and that meat and fat are associated with an in-
creased risk of OC 40.

Conclusion

Based on data obtained in our study, oral contraceptives
use and physical activity are independent protective factors
for OC. Overall, this is the first epidemiological study on risk
factors for this cancer in our country. In future, attention
should be paid on finding a larger sample, which would se-
lect participants throughout the country, not only from one
major center (Belgrade) and broaden the scope of the spe-
cific questionnaire.
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Abstract

Background/Aim. Early detection of left ventricle (LV)
systolic dysfunction could be a clue for surgical treatment
in patients with significant aortic stenosis (AS). Therefore,
we evaluated LV peak of global longitudinal strain (PGLS)
using speckle tracking imaging at rest and during low-dose
dobutamine infusion in asymptomatic patients with mod-
erate and severe AS and preserved LV ejection fraction
(EF). Methods. All the patients underwent coronary angi-
ography and had no obstructive coronary disease (defined
as having no stenosis greater than 50% in diameter). The
patients were divided into two groups: above and below
median of 0.785 cm2 aortic valve area (AVA). PGLS was
measured from acquired apical 4-chamber and 2-chamber
cine loops using a EchoPac PC-workstation at rest and
during 5 μg/kg/min, 10 μg/kg/min, and 20 μg/kg/min
dobutamine infusion, respectively. The global strain was
the average of segment strains from the apical views. Re-
sults: A total of 62 patients with moderate and severe AS
(AVA < = 1.5 cm2), the mean age 66.12 ± 9.91, (57.14%
males), were enrolled in this prospective study. At rest,
mean gradient was 43.57 ± 0.29 mmHg and mean EF was

72.24 ± 0.45%. When divided according to median AVA,
both groups had decreased average PGLS at rest (-9.33 ±
4.46% vs -8.95 ± 3.08%; p = ns). During dobutamine both
groups increased their average PGLS, but only the group
with AVA > median reached the statistical significance (-
8.71 ± 2.68% vs -11.93 ± 3.74%, p = 0.002). In addition,
PGLS increase was also significant in 4-chamber view in
the patients with AVA above median, but only when
comparing baseline to peak 20 μg/kg/min (-10.72 ±
3.07% vs -13.14 ± 4.79%; p = 0.034). Conversely, in both
groups the increase of PGLS in 2-chamber view did not
reach significance. Conclusion. Two-dimensional strain
speckle tracking analysis of myocardial deformation with
measurement of peak systolic strain during dobutamine in-
fusion is a feasible and accurate method to determine
myocardial longitudinal systolic function and contractile
reserve and may contribute to clinical decision making in
patients with significant AS.

Key words:
ventricular function, left; myocardial contraction; aortic
value stenosis; dobutamine; heart function tests;
ultrasonography.

Apstrakt

Uvod/Cilj. Rano otkrivanje sistolne disfunkcije leve ko-
more kod bolesnika sa znatnom aortnom stenozom  (AS)
je važno, jer  nam može na vreme ukazati na potrebu da se
bolesnik uputi na hirurško le enje. Iz tog razloga, koriste i
dvodimenzionalnu speckle tracking tehniku, ispitali smo ko-
lika je vrednost maksimalnog globalnog longitudinalnog
naprezanja (maximal global longitudinal strain – MGLS) u mi-
ru i kako se menja tokom niskodoznog dobutaminskog te-
sta kod bolesnika sa umerenom i tesnom AS i o uvanom

ejekcionom frakcijom (EF) u miru. Metode. Svim boles-
nicima je ura en koronarni angiogram i nijedan bolesnik
nije imao suženje ve e od 50% pre nika epikardnog koro-
narnog krvnog suda. Bolesnici su na osnovu medijane po-
vršine aortnog uš a (PAŠ) koja je iznosila 0,785 cm2 pode-
ljeni u dve grupe: iznad i ispod medijane. MGLS je meren
iz apikalnog etvoro i dvošupljinskog preseka, pomo u
EchoPac PC-radne stanice u miru i tokom niskodoznog
dobutaminskog testa koji je obuhvatao tri nivoa: 5, 10, i 20
μg/kg/min. Ukupno globalno naprezanje izra unato je
kao srednja vrednost naprezanja izra unatog iz etiri i dve
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šupljine. Rezultati. Ukupno 62 bolesnika sa umerenom i
tesnom AS (PAŠ  1,5 cm2), prose ne starosti 66.12 ±
9.91 godine, (57.14% muškarci), bile su uklju ena u ovu
prospektivnu studiju. U miru, srednji gradijent preko aort-
nog uš a iznosio je 43.57 ± 0.29 mmHg, a srednja vred-
nost EF bila je 72.24 ± 0.45%. Obe grupe bolesnika imale
su sniženu prose nu vrednost MGLS u miru (-9.33 ±
4.46% vs -8.95 ± 3.08%, p = ns). Tokom dobutaminskog
testa obe grupe bolesnika pove ale su prose nu vrednost
MGLS, ali je samo u grupi bolesnika ija je PAŠ bila iznad
medijane taj porast bio statisti ki zna ajan (-8,71 ± 2,68%
vs -11,93 ± 3,74%, p = 0,002). Tako e, u ovoj grupi boles-
nika statisti ki zna ajan bio je i porast MGLS u apikalnom
preseku etiri šupljine (-10,72 ± 3,07% vs -13,14 ± 4,79%,

p = 0,034). Sa druge strane, nijedna grupa bolesnika nije
dostigla statisti ki zna ajan porast MGLS u apikalnom
preseku dve šupljine. Zaklju ak. Dvodimenzionalna spec-
kle tracking analiza miokardne deformacije sa merenjem
MGLS u miru i tokom niskodoznog dobutaminskog testa
sigurna je, izvodljiva i precizna metoda za odre ivanje lon-
gitudinalne sistolne funkcije leve komore u miru i njene
kontraktilne rezerve i može doprineti boljem klini kom ra-
su ivanju kod bolesnika sa hemodinamski zna ajnom AS.

Klju ne re i:
srce, funkcija leve komore; miokard, kontrakcija;
zalistak aorte, stenoza; dobutamin; srce, funkcijski
testovi; ultrasonografija.

Introduction

Speckles are natural acoustic markers due to interfer-
ence patterns caused by backscattered signals from small
structures in myocardium 1. Long axis systolic left ventricu-
lar (LV) function is governed by the subendocardial myocar-
dial fibres that can be reliably quantified by the measurement
of longitudinal myocardial deformation using the two dimen-
sional, 2D speckle tracking imaging 2. Dobutamine is a po-
tent beta-agonist which increases heart rate and contractility
of the heart, but, in low dose, the effect is more pronounced
on increasing myocardial contractility than heart rate 3.

LV response to chronic pressure overload and increased
wall stress in aortic stenosis (AS) is a concentric hypertrophy –
an increase in mass due to increased wall thickness without
chamber dilatation 4. This mechanism enables left ventricle
ejectin fraction (LVEF) to remain preserved until late in the
disease course.  However, revealing the progression from com-
pensatory hypertrophy to heart failure, in timely manner, may
be important because once symptoms start to occur and LVEF
to decrease, outcome becomes significantly worse 5. Thus,
early detection of diminished or absent LV long-axis myocar-
dial deformation, as a marker of LV systolic dysfunction in AS,
could be helpful for better decision-making in these patients 6.

The aim of this study was to evaluate the impact of AS
on LV longitudinal systolic function by using 2D-speckle
tracking of myocardial deformation at rest and during low-
dose dobutamine infusion, in asymptomatic patients with
moderate and severe AS and preserved LVEF.

Methods

A cohort of 70 patients with AS (effective orifice area
of 1.5 cm2 or less) and preserved EF at rest (EF > 50%), as
calculated by Doppler and 2D echocardiography, used to be
enrolled consecutively from May 2009 to September 2010 in
the clinical echocardiography laboratory of the University
Clinical Center, Belgrade, Serbia. All the patients underwent
coronary angiography and had no obstructive coronary dis-
ease (defined as having no stenosis greater than 50% in di-
ameter).  Due to insufficient image quality at rest and during
dobutamine testing (DBT) (of the 2D-strain especially), 8

patients were excluded forming the final group of 62 pa-
tients. According to the median aortic valve area (AVA) of
0.785 cm2 the patients were divided into two groups: below
and above the median level. Exclusion criteria were atrio-
ventricular block or bradycardia with heart rate (HR) below
50 beats per minute, other significant valvular disease and
uncontrolled hypertension (> 180/100 mmHg). The Ethics
Committee of the University Clinical Center approved the
study, and all the patients gave written informed consent.

Echocardiography

Transthoracic echocardiography exam was performed
with an General Electric, Vivid 4 cardiac ultrasound system
(BTO6, 1.5–3.6 MHz; GE Healthcare Technologies,
Waukesha, WI, USA). The subjects were studied in the left
lateral decubitus. Left ventricular internal dimension, posterior
wall thickness (PWT) and interventricular septum thickness
(IVST) were measured at end-diastole, at a level immediately
apical to the mitral valve leaflet tips, in two-dimensional para-
sternal long-axis view 7. The LV mass was calculated using
the corrected formula of the American Society of Echocardi-
ography and was indexed for body surface area (BSA) 8. Rela-
tive wall thickness (RWT) was calculated with the formula:
RWT = (PWT + IVST)/LVEDD. Significant LV hypertrophy
was defined as LV mass index > 134 g/m2 for men and > 110
g/m2 for women and as RWT > 0.5 9. AS was graded using the
continuity equation10 calculated as moderate (AVA from 1.0
cm2 to 1.5 cm2) or severe (AVA 1.0 cm2 or less). The subaortic
diameter was measured from inner edge to inner edge at the
level of the base of the aortic cusps in a parasternal long axis
frame frozen in mid-systole. Pulsed Doppler recordings were
made in apical 5-chamber view with the sample volume
moved axially from the aortic annulus, usually 0.5 cm to 1 cm
below the valve, recording maximal velocity and velocity-time
integral. Continuous wave recordings were made from the
apex and right intercostal positions and the optimal signal was
traced to obtain peak velocity, velocity-time integral, systolic
ejection time and peak and mean pressure difference, using the
on-line software.

After echocardiography exam at rest, patients under-
went low dose DBT with three levels, starting from 5
μg/kg/min, than 10 μg/kg/min and peak 20 μg/kg/min, re-
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spectively. Each level was lasting for 3 minutes. All standard
echocardiographic measures were recorded during the last
minute of each level and analysed off-line.

Strain measurement

Strain measurement was based on the speckle tracking
approach: the global longitudinal myocardial deformation was
evaluated from the standard 2D images. The image acquisition
frame rate was 60–90 Hz (mean value 75 Hz). Peak strain was
measured from acquired apical 4-chamber and 2-chamber cine
loops using an EchoPac PC-workstation at rest and during 5
μg/kg/min, 10 μg/kg/min, and 20 μg/kg/min DBT. In brief, by
tracing the endocardial borders on an end-systolic frame, the
software automatically tracked the contour on the subsequent
frames. Adequate tracking was verified in real-time and was
manually corrected, if necessary. The peak global longitudinal
deformation was the average of segment strains from apical 4-
and 2- chamber view. The inter-observer reproducibility of
measurements was tested by random selection of 10 patients.
Inter-observer agreement was 90%.

Statistical analysis

The data were expressed as mean values and standard
deviations or percentages, and analyzed with the paired sam-
ples t-test. The median split method was used to divide pa-
tients into two equal cohorts: the cohort of patients below

median level representing patients with severe AS and the
cohort of patients above median level, representing patients
with moderate AS. A p value < 0.05 was considered to be
statistically significant. Statistical analysis was performed
using SPSS statistical software (SPSS for Windows, release
17.0, SPSS, Chicago, IL).

Results

A total of 537 cine loops were analyzed in the cohort of
62 asymptomatic AS patients, mean age 66.12 ± 9.91 years;
range from 33 to 83 years; 54.8% were males. Dobutamine
infusion was generally well-tolerated, no adverse event was
registered during or after the testing. Table 1 presents the
echocardiographic data of our patient cohort. All the patients
had normal end-systolic and end-diastolic LV measures, and,
by definition, AVA was reduced and mean and peak gradi-
ents increased. However, the signs of LV hypertrophy and
diastolic dysfunction were present, with relatively high E/E’
relationship indicating increased LV end-diastolic pressure.

Heart rate was increasing under DBT (p < 0.05) parallel
with dobutamine dose increase. All parameters describing
the severity of AS and systolic LV function, and when ana-
lyzing according to AVA median level, significantly changed
in all patients (p < 0.05) during DBT (Table 2).

Table 1
Echocardiographic parameters describing diastolic function and left ventricle (LV) hypertrophy

 in all the patients
Parameters  ± SD
LV mass index (g/m2) 141.62 ± 33.52
Relative wall thickness 0.51 ± 0.08
Septum (cm) 1.31 ± 0.13
Posterior wall (cm) 1.24 ± 0.13
Isovolumetic relaxation time (ms) 94.00 ± 39.06
Deceleration time (ms) 243.88 ± 73.17
E/E’ (index of left ventricular filling pressure) (cm/s) 14.10 ± 7.21
LV end-diastolic volume (mL) 88.07 ± 22.35
LV end-systolic volume (mL) 25.04 ± 10.14

Table 2
Clinical and echocardiographic parameters at rest and during peak dobutamine infusion for all the patients and according to

aortic value area (AVA) median level
All patients AVA < median AVA > median

Parameters rest
(  ± SD)

peak dobuta-
mine level
(  ± SD)

p rest
(  ± SD)

peak dobuta-
mine level
(  ± SD)

p rest
(  ± SD)

peak dobuta-
mine level
(  ± SD)

p

Heart rate (bpm) 69.91± 11.51 100.98 ± 18.13 0.000 73.38 ± 11.11 107.58 ± 18.43 0.000 66.45 ± 11.02 94.38 ± 15.02 0.000
Systolic arterial
pressure (mmHg) 147.58 ± 20.40 140.72 ± 20.18 0.001 146.12 ± 21.04 139.83 ± 21.19 0.016 149.03 ± 19.97 141.61 ± 19.42 0.002
Diastolic arterial
pressure  (mmHg) 88.79 ± 10.14 85.32 ± 11.76 0.014 88.70 ± 9.65 83.87 ± 10.93 0.026 88.87 ± 10.77 86.77 ± 12.55 ns
Aortic valve area
(cm2) 0.83 ± 0.23 1.01 ± 0.30 0.000 0.65 ± 0.10 0.81 ± 0.16 0.000 1.01 ± 0.19 1.20 ± 0.27 0.000
Maximal velocity
(m/s) 4.28 ± 0.45 4.96 ± 0.55 0.000 4.40 ± 0.43 5.12 ± 0.53 0.000 4.16 ± 0.43 4.81 ± 0.52 0.000
Mean gradient
(mmHg) 43.57 ± 10.92 57.42 ± 14.93 0.000 46.43 ± 10.49 61.84 ± 15.43 0.000 40.70 ± 9.40 52.99 ± 13.21 0.000
Indexed stroke vol-
ume (mL/m2) 39.81 ± 10.98 45.78 ± 10.92 0.000 34.32 ± 9.62 41.31 ± 7.50 0.001 45.31 ± 9.46 50.24 ± 12.04 0.001
Ejection fraction
(%) 72.24 ± 6.31 78.23 ± 8.52 0.000 71.19 ± 5.05 79.00 ± 7.68 0.000 73.29 ± 7.29 77.46 ± 9.36 0.006
S’ (systolic mitral
annulus tissue Dop-
pler)  (cm/s)

7.01 ± 1.49 9.63 ± 2.60 0.000 6.75 ± 1.34 8.87 ± 1.93 0.000 7.27 ± 1.61 10.40 ± 2.75 0.000

E/E’ (index of left
ventricular filling
pressure) (cm/s)

14.10 ± 7.21 9.95 ± 6.14 p = ns 19.20 ± 5.43 14.20 ± 4.93 0.000 9.00 ± 3.22 5.60 ± 2.84 0.000
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When divided according to median AVA, both groups
of patients had a decreased average peak of global longitudi-
nal strain (PGLS) at rest. No significant difference was found
between them (p = ns), although patients with moderate AS
had somewhat lower baseline values. However, during DBT
both groups increased their average PGLS, but only the
group with AVA > median level reached the statistical sig-
nificance, during both 10 μg/kg/min and 20 μg/kg/min infu-

sion (p = 0.012 and p = 0.020), while the increase during 5
μg/kg/min infusion was very close to statistical significance
(p = 0.053) (Figure 1). In addition, PGLS increase was also
significant in 4-chamber view in the patients with AVA
above median level, but only when comparing baseline to
peak 20 μg/kg/min DBT. In contrast, the patients with AVA
below the median did not reach a significant increase in
PGLS during DBT (Table 3). Conversely, in both groups the

AVA < median value (0.785 cm2)                            AVA > median value (0.785 cm2)
PGSrest - PGS5;                                             p = ns                                                            p = 0.053
PGSrest - PGS10;                                           p = ns                                                            p = 0.012
PGSrest - PGS20;                                           p = ns                                                            p = 0.020

Fig. 1 – Peak average global longitudinal strain (PGS) at rest and during dobutamine infusion according to median aortic
value area (AVA) level.

Table 3
Peak global longitudinal strain (PGLS) at rest and during dobutamine infusion from apical 4- and 2- chamber view

according to median aortic value area (AVA) level
AVA  ± SD (%) p

< median value (0.785 cm2)
PGLS  4-chamber view at rest
PGLS 4-chamber view at DBT 5 μg/kg/min

-10.65 ± 3.96
-10.33 ± 4.04

ns

PGLS  4-chamber view at rest
PGLS 4-chamber view at DBT 10 μg/kg/min

-10.94 ± 3.91
-10.77 ± 3.42

ns

PGLS  4-chamber view at rest
PGLS 4-chamber view at DBT 20 μg/kg/min

-11.16 ± 4.09
-11.40 ± 3.36

ns

> median value (0.785 cm2)
PGLS  4-chamber view at rest
PGLS 4-chamber view at DBT 5 μg/kg/min

-10.00 ± 3.05
-9.89 ± 3.67

ns

PGLS  4-chamber view at rest
PGLS 4-chamber view at DBT 10 μg/kg/min

-9.98 ± 3.10
-10.96 ± 4.52

ns

PGLS  4-chamber view at rest
PGLS 4-chamber view at DBT 20 μg/kg/min

-10.72 ± 3.07
-13.14 ± 4.79

0.034

< median value (0.785 cm2)
PGLS  2-chamber  view at rest
PGLS 2-chamber  view at DBT 5 μg/kg/min

-9.55 ± 3.45
-8.86 ± 3.57

ns

PGLS  2-chamber  view at rest
PGLS 2-chamber  view at DBT 10 μg/kg/min

-9.46 ± 3.63
-10.08 ± 3.99

ns

PGLS  2-chamber  view at rest
PGLS 2-chamber  view at DBT 20 μg/kg/min

-9.52 ± 3.69
-10.59 ± 3.07

ns

> median value (0.785 cm2)
PGLS  2-chamber  view at rest
PGLS 2-chamber  view at DBT 5 μg/kg/min

-9.17 ± 2.88
-10.16 ± 3.62

ns

PGLS  2-chamber  view at rest
PGLS 2-chamber  view at DBT 10 μg/kg/min

-9.02 ± 2.77
-10.16 ± 3.62

ns

PGLS  2-chamber  view at rest
PGLS 2-chamber  view at DBT 20 μg/kg/min

-9.48 ± 2.77
-10.40 ± 3.56

ns
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increase of PGLS in 2-chamber view did not reach signifi-
cance.  When analyzing mean LVEF at rest, we found, in
contrast, that both groups have normal LVEF at rest (71.19 ±
5.05% vs 73.29 ± 7.29%, p = ns), and significant increase
during DBT (71.19 ± 5.05% vs 79.00 ± 7.68%, p < 0.01, for
AVA < median value and 73.29 ± 7.29 cm2 vs 77.46 ± 9.36
cm2, p < 0.01, for AVA > median level).

Discussion

The present study showed that 2D-speckle tracking
analysis of myocardial deformation with measurement of
PGLS during dobutamine infusion is a feasible and accurate
method to determine myocardial systolic function and con-
tractile reserve and may contribute to decision making in pa-
tients with moderate or severe AS. When compared to nor-
mal subjects, extensively investigated in the HUNT11 study
(in which authors reported normal PGLS around 16%), pa-
tients with AS have reduced longitudinal systolic function in
spite of preserved LVEF at rest. This finding was recently
showed by Donal et al. 6 who used exercise testing for esti-
mating contractile reserve, and was confirmed with DBT in
our study. To the best of the author’s knowledge, this is the
first study that used low-dose DBT for estimating longitudi-
nal systolic function contractile reserve.

In hemodynamically significant AS, when chronically
increased LV global afterload exceeds the limit of LV com-
pensatory mechanism, intrinsic impairment of myocardial
function can occur. However, despite the presence of myo-
cardial dysfunction, often associated with disturbed myocar-
dial architecture, LVEF is commonly normal in patients with
AS. This might be due to the fact that LVEF is influenced
not only by intrinsic myocardial function, but LV cavity ge-
ometry, also 2, 12, 13. In AS, wall thickening as an adaptive
mechanism to pressure overload, can thus mask subtle LV
dysfunction 5. Subclinical LV dysfunction is classically de-
tected by a decrease in longitudinal myocardial function
which, as we confirmed, can be reliably quantified by the
measurement of myocardial deformation using 2D-speckle
tracking analysis 14, 15. Longitudinal function is governed by
the subendocardial myocardial fibres which are aligned lon-
gitudinally and more sensitive to microvascular ischae-
mia 16, 17. This may lead to progressive myocardial fibrosis
that participates to reduce longitudinal myocardial function.
In asymptomatic AS patients reduced subendocardial func-
tion has been showed to be associated with changes in
symptomatic status during follow-up and adverce out-
comes 14. However, when the reactive subendocardial fibro-
sis becomes distinct, irreversible myocardial damage may

occur. Therefore, early detection of intrinsic myocardial dys-
function in AS patients with preserved EF could be of help
for risk assessment.

The present study showed that both patients with mod-
erate and severe AS had impaired longitudinal myocardial
function at rest. However, changes in longitudinal function
during DBT were not homogenous, with the patients with
AVA > 0.785 cm2 (thus considered as moderate stenosis)
having more increase (becomes more negative) in PGLS.
The present observation suggest that patients with moderate
stenosis better adapt to acute change in LV load, by recruit-
ing LV contractile reserve to the increased afterload. Both
inotropic contractile reserve and rise in transaortic pressure
gradients are thus concomitant. Conversely, when the aortic
valve is no longer compliant, or in case of a significant myo-
cardial damage (ie ischaemia), mismatch between afterload
and contractility can occur, which is often the case in more
advanced stage of a disease 6. Hence, limited longitudinal
contractile reserve during DBT probably reflects a more ad-
vanced disease process with more extensive myocardial fi-
brosis, myocytes degeneration and exhausted coronary flow
reserve.

Identification of subclinical LV dysfunction in hemo-
dynamically significant AS is challenging and of clinical im-
portance. The results of the present study show that the mag-
nitude of DBT-induced changes in LVEF are not equal to
changes in PGLS (as a measurement of LV long-axis func-
tion) and that different categories of asymptomatic AS pa-
tients can be identified according to changes in longitudinal
function. In addition, PGLS, in contrast to LVEF, is de-
creased even during maximal DBT. This emphasizes that in
AS, the assessment of myocardial contractile function by
2D-speckle tracking is more appropriate than by changes in
LVEF in the setting of pressure overload. Also, the role of
mitral annulus pulse tissue Doppler in distinguishing patients
with limited contractile reserve, according to Van Pelt et
al. 18, is less accurate.

Conclusion

2D-speckle tracking analysis of PGLS during DBT is a
feasible and accurate method to determine subnormal myo-
cardial systolic function and contractile reserve and may
contribute to decision making in asymptomatic moderate and
severe AS patients with preserved LVEF. However, a de-
crease in LV longitudinal systolic function in a significant
AS cannot simply be related to the severity of valve obstruc-
tion and needs to be evaluated in comparison with control
groups.
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Abstract

Background/Aim. Vancomycin-resistant Enterococci (VRE) is
one of the most important hospital pathogens. The aim of the
study was to evaluate VRE colonization in patients hospitalized at
the Hematology Intensive Care Unit, as well as the associated risk
factors. Methods. A prospective cohort study involved 70 pa-
tients hospitalized at the Intensive Care Unit (ICU), Clinic for
Hematology, Clinical Center of Serbia, Belgrade, during 3 months.
Baseline demographic data, data about antibiotic usage and other
risk factors for VRE colonization during the present and previous
hospitalizations (within 6 months) were recorded for each patient
using the questionnaire. Feces or rectal swab was collected for
culture from patients on admission and at discharge in case when
VRE was not isolated on admission. Enterococci were isolated by
standard microbiological methods. Isolate sensitivity was tested by
disk-diffusion test using 30 g/mL (BBL) Vancomycin plates ac-
cording to the Clinical and Laboratory Standards Institute (CLSI)
standard. Results. Analysing results showed that 7% of the pa-
tients had been already colonized with VRE upon ICU admis-
sion. The rate of VRE colonization during present hospitalization
was 41.5%. Univariate logistic regression demonstrated the statis-
tically significant differences in diagnosis, length of present stay,
use of aminoglycosides and piperacillin/tazobactam in present
hospitalization, duration of use of carbapenem and piperacil-
lin/tazobactam in present hospitalization between the VRE-
colonized and non-colonized patients. Acute myeloid leukemia
(AML), use of carbapenem in previous hospitalization and dura-
tion of use of piperacillin/tazobactam in present hospitalization
were independent risk factors for VRE-colonized patients ac-
cording to multivariate logistic regression. Conclusion. VRE
colonization rate was high among the patients admitted to hema-
tology ICU.  Rational use of antibiotics and active surveillance
may be helpful preventive measures against the development of
bacterial resistance to antimicrobial agents.

Key words:
enterococcus faecium; vancomycin; drug resistance,
bacterial; hematologic diseases; risk factors.

Apstrakt

Uvod/Cilj. Enterococcus spp. rezistentan na vankomicin
(VRE) jedan je od najzna ajnih bolni kih patogena. Cilj rada
bio je da se utvrde stope rektalne kolonizacije VRE kod bole-
snika le enih u Odeljenju za hematološku intenzivnu negu, i
da se sagledaju faktori rizika od kolonizacije. Metode. Pros-
pektivnom kohortnom studijom obuhva eno je 70 bolesnika
le enih u periodu od  tri meseca u Klinici za hematologiju
Klini kog centra Srbije u Beogradu. Podaci o demografskim
karatkteristikama bolesnika, upotrebi antibiotika i drugim fa-
ktorima rizika od VRE kolonizacije tokom sadašnje i pretho-
dnih hospitalizacija (tokom 6 meseci) prikupljani su za svakog
bolesnika uz pomo  upitnika. Bolesnicima je uzmana kopro-
kultura ili rektalni bris na prijemu, a prilikom otpusta onim
bolesnicima kod kojih na prijemu nije izolovan VRE. Osetlji-
vost izolata proverena je disk-difuzionim testom sa diskovima
vankomicina 30 g/mL (BBL) u skladu sa Clinical and
Laboratory Standards Institute  (CLSI) standardima. Rezultati.
Na prijemu je bilo 7% VRE kolonizovnaih bolesnika. Stopa
VRE kolonizacije tokom teku e hospitalizacije iznosila je
41,5%. Univarijantna logisti ka regresija pokazala je statisti ki
zna ajne razlike u pogledu  dijagnoze, dužine sadašnje hospi-
talizacije, primeni aminoglikozida i piperacilin/tazobaktama u
sadašnjoj hospitalizaciji, dužini primene karbapenema i pipe-
racilin /tazobaktama u sadašnjoj hospitalizaciji izme u boles-
nika kolonizovanih VRE i nekolonizovanih bolesnika. Multi-
varijantnom logisti kom regresijom ustanovljeno je da su
akutna mijeloidna leukemija (AML), primena karbapenema u
prethodnoj hospitalizaciji i dužina primene piperaci-
lin/tazobactama u sadašnjoj hospitalizaciji bili nezavisni fak-
tori rizika od kolonizacije bolesnika VRE. Zaklju ak. Zabe-
ležena je visoka stopa kolonizacije pacijenata VRE. Racional-
na upotreba antibiotika i aktivni nadzor mogu biti korisne
mere prevencije nastanka rezistencije bakterija na antibiotike.

Klju ne re i:
enterococcus faecium; vankomicin; lekovi, rezistencija
mikroorganizama; hematološke bolesti; faktori rizika.
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Introduction

Bacteria of Enterococcus genus are a significant cause
of hospital-acquired infections (HAI), second among urinary
tract infections (UTI) and third among bacteriemias. There
are many different species of Enterococci. The most preva-
lent species culturated from humans are E. faecalis (the most
common) and E. faecium. Enterococci have both an intrinsic
(nature) and acquired resistance to antibiotics, making them
important nosocomial pathogens. They are intrinsically re-
sistant to penicillin (low level), all cephalosporins, aztreo-
nam, macrolides, and low levels of clindamycin. This natural
resistance is present in all members of species and is chro-
mosomally mediated. Acquired resistance to antibiotics in-
cludes resistance to glycopeptides,  lactamases fluoro-
quinolones, tetracycline, high aminoglycoside doses and gly-
copeptides (vancomycin), as a result of mutations in DNA or
the acquisition of new gene(s). Glycopeptides (vancomycin)
resistance has been seen in around 70–78% of the nosoco-
mial E. faecium population 1–3. The mechanism of vancomy-
cin resistence is due to preventing the synthesis of peptido-
glycan precursors of the bacterial cell wall by blocking two
steps: the transglycosylation and the transpeptidation 3. It is
mediated by 5 genes referred to as vanA, which can induce
high level resistance to both vancomycin and teicoplanin;
vanB which is found intrinsically in non-pathogenic entero-
coccal species; vanC; vanD, and vanE. VanA is more widely
distributed 4.

Vancomycin resistant Enterococcus spp. (VRE) was
first isolated in England and France in 1986 and later on in
other European and countries worldwide 5. The proportion of
enterococcal bacteremia attributable to VRE in the UK in
2007 was 8.5–12.5% for all enterococci 6. From 2005 to
2008, a significant decrease in vancomycin resistance was
observed in France (from 2 to 0.6%), Greece (from 37 to
28%), Israel (from 46 to 20%) and Italy (from 19 to 6%).
Ireland, Luxembourg and Greece in 2009 reported resistance
proportions above 25%, while the majority of countries (18
of 26 countries) reported resistant proportions below 7%.
Several countries reported it even below 1% (Bulgaria, Esto-
nia, Finland, France, Norway and Sweden) 3. During the past
four years, a significant increase was observed only in Aus-
tria. In 2010, 28 EU countries reported 5,577 isolates of E.
faecium, of which 7.4% were resistant to vancomycin. Dur-
ing the four past years, only Latvia reported an increased
trend of these enterococci 7.

According to the USA National Nosocomial Infections
Surveillance (NNIS), the percentage of enterococcal isolates
resistant to vancomycin increased from 12% in the period
1998–2002 to 28.5% of all isolates in 2003 8.

VRE can cause different types of HAI, like urinary
tract, surgical site, bacteriemia, meningitis, endocarditis,
most commonly in immunocompromised patients. Entero-
cocci are responsible for high morbidity and mortality rates
in these patients 9.

Risk factors for VRE colonization and infections are
the following: age, hepatic and renal dysfunction, hemato-
logical diseases, chronic diseases, application of the invasive

diagnostic and therapeutic procedures, stay in intensive care
unit (ICU), abdominal surgery, transplantation, prolonged
hospitalization, and broad-spectrum antibiotic use 10, 11.

VRE may survive on dry surfaces several weeks (from
7 days to 4 months). Consequently, VRE is most commonly
transmitted in hospitals from person to person by direct con-
tact with personnel and patient’s hands, either from feces,
urine, or blood of a person carrying the organism. It can also
be spread indirectly via hand contact with open wounds, or
with contaminated environments (some parts of medical
equipment and working surfaces contaminated by VRE) 12.
VRE colonization could persist for years. The colonized pa-
tients are significant reservoirs and sources of contamination
of the environment. VRE is not transmitted through the air 13.

Methods

This prospective cohort study involved 70 patients hos-
pitalized at the Intensive Care Unit (ICU), Clinic for Hema-
tology, Clinical Center of Serbia, Belgrade, in the period
from September to December 2011. The coproculture or
rectal swab was collected from all the patients on admission
and before discharge.

All the patients were daily observed during their hospi-
talization by an epidemiologist. Clinical charts were system-
atically reviewed and, when necessary, the medical staff was
interviewed. Baseline demographic data, data about antibi-
otic usage and other risk factors for VRE colonization during
present and previous hospitalization were recorded for each
patient using the questionnaire. The following characteristics
related to the patients, and applied diagnostic and therapeuti-
cal procedures were recorded: age, sex, underlying disease,
recent prior hospitalization (within 6 months) and recent an-
timicrobial use, operation, inserted central venous and uri-
nary catheter, mechanical ventilation, antibiotic prophylaxis
and therapy (type of antibiotics), and VRE isolated from
coproculture on admission and the discharge. Surveillance
for VRE infections was carried out during the course of this
study.

VRE isolation and identification

Enterococci were isolated by standard microbiological
methods. Enterococcal identification was based on cultural
characteristics, Gram-stained specimens, mobility in 0.5%
agar, capacity of pigment production and biochemical char-
acteristics. Isolate sensitivity was tested by the disk-diffusion
test using 30 g/mL (BBL) Vancomycin plates according to
the Clinical and Laboratory Standards Institute (CLSI) stan-
dard. The plates were incubated 24 hours at 35°C. The in-
crease in more than one colony or a part of colony was inter-
preted as resistance to vancomycin 14, 15. E-test was not used
in methodology given than only enterococcal isolates were
recovered and identified from rectal swab or feces for the
purpose of determination of the carrier state.

The descriptive and analytical methods were used for
data processing: 2 test (for categorical data) or t-test (for
continuous variables). The results were expressed as percent-
ages or as mean ± standard deviations. To identify the risk
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factors of VRE colonization, the univariate logistic regres-
sion and multivariate logistic regression analyses were used.
Statistical data processing was carried out by SPSS program
(version 10).

Results

Study population and patients characteristics

The study included 70 patients hospitalized at the Clinic
for Hematology, Clinical Center of Serbia during the study
period. Out of all these patients, 5 (7%) were found to have
been already colonized with VRE upon ICU admission. The
VRE positive patients on admission had been hospitalized at
the Clinic for Hematology within the previous six months.
During that hospitalization they received antibiotic therapy.

Out of 65 VRE negative patients on admission, 27
(41.53%) were colonized with VRE strains during current
hospitalization.  The characteristics of these patients are pre-
sented in Table 1. There were 38 (58.4%) males; the mean
age of the subjects was 52.7 years (ranged from 23 to 80
years).

In our study groups of colonized and non-colonized pa-
tients, 18 (66.67%) and 15 (39.47%) had acute myeloid leu-
kemia (AML), respectively. Univariate logistic regression

found a significant difference (OR: 3.06; 95%CI: 1.09–8.60;
p = 0.033) in frequency of this diagnosis between the two
groups of subjects. Furthermore, there was a significant dif-
ference in length of present hospitalization between the
group of colonized patients (median days 35 ± 10.23) and
non-colonized patients (median days 24.4 ± 10.6) (OR: 1.11;
95%CI: 1.04–1.19; p = 0.002).

Univariate logistic regresion analysis failed to find any
significant difference in other characteristics between the
two study groups of patients: age, sex, prior hospitalizations,
antibiotic use, insertion of the urinary and central venous
catheter and infection.

Antibiotic use and duration of antibiotic use

During the present hospitalization, only 15.4% patients
did not receive antibiotics; 43.1% received one or two anti-
biotics and 41.5% three or more antibiotics. Tables 2 and 3
summarize the antibiotic use and duration of antibiotic use
among the patients with and without VRE colonization.  Ac-
cording to univariate logistic regression, the risk factors that
were significantly associated with VRE colonization in-

cluded aminoglycoside use (OR: 3.88; 95%CI: 1.14–13.1; p
= 0.030) and piperacillin/tazobactam use (OR: 4.68; 95%CI:
1.57–13.9; p = 0.005) during present hospitalization (Table

Table 1
Characteristics of the VRE negative patients* on admission and during hospitalization

n (%) of patients
VRE VRE

non-colonized colonizedPatients' variables

(n = 38) (n = 27)

OR (95%CI) p

Age (years), mean (± SD) 52.3 (13.0) 53.3 (12.6) 1.00 (0.96–1.04) 0.175
Sex (males/females) 21  (55.26) 17 (62.96) 1.37 (0.50–3.77) 0.847
Diagnosis on admission

acute myeloid leukemia 15 (39.47) 18 (66.66) 3.06 (1.09–8.60) 0.033
non Hodgkin lymphoma 6 (15.78) 1 (3.70 ) 0.20 (0.02–1.81) 0.121
acute lymphocytic leukemia 9 (23.68) 5 (18.51) 0.73 (0.21–2.49) 0.175
chronic lymphocytic leukemia 4 (10.52) 2 (7.40 ) 0.68 (0.11–4.00) 0.669

Length of stay (days), median ± SD
previous hospitalization 8.26 (12.3) 8.56 (13.62) 1.00 (0.96–1.04) 0.927
present hospitalization 24.4 (10.6) 35 (10.23) 1.11 (1.04–1.19) 0.002
previous admission in other hospital 29 (76.31) 18 (66) 1.10 (0.80–1.52) 0.524

Antibiotic use
previous hospitalization 26 (68.42) 20 (74.07) 1.10 (0.80–1.52) 0.524
present hospitalization 34 (89.47) 26 (96.29) 0.75 (0.25–2.27) 0.622

Central venous catheter 1.79 (1.43–2.24) 0.999
previous hospitalization 30 (78.94) 22 (81.48) 0.85 (0.24–2.98) 0.801
present hospitalization 21 (55.26) 19 (70.31) 1.92 (0.67–5.46) 0.220

Bladder catheter
previous hospitalization 1 (2.63 ) 2 (7.40 ) 2.96 (0.25–34.42) 0.386
present hospitalization 11 (28.94) 8 (29.62) 1.03 (0.35–3.05) 0.952

Hospital infection
previous hospitalization 5 (13.15) 2 (7.40) 0.52 (0.09–2.94) 0.467
present hospitalization 24 (63.15) 15 (55.55) 0.72 (0.26–1.99) 0.538

VRE – vancomycin resistent enterococci; *total number of VRE negative patients on admission = 65.
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2). Statistically significant difference (OR: 1.36; 95%CI:
1.94–1.69; p = 0.006) was also noted in the length of pipera-
cillin/tazobactam use between colonized (median days 3.22 ±
3.93) and non-colonized patients (median days 0.87 ± 1.84)
during the present hospitalization (Table 3).

Univariate logistic regresion analysis failed to show any
significant difference in the frequency of use of other antibi-
otics (cephalosporins, quinolones, glycopeptides, antianaero-
bic drugs and cotrimoxazole) and the duration of antibiotic
therapy between the two studied groups of patients.

Table 2
Antibiotic use during previous and present hospitalization (univariate logistic regression)

n (%) of patients
VRE VRE

non-colonized colonizedUsed antibiotics
(n = 38) (n = 27)

OR (95%CI) p

Cephalosporins
previous hospitalization 1 (2.63) 1 (3.70) 1.42 (0.08–23.7) 0.806
present hospitalization 8 (21.05) 8 (29.62) 1.57 (0.50–4.91) 0.431

Carbapenems
previous hospitalization 2 (5.26) 6 (22.22) 5.14 (0.95–27.8) 0.057
present hospitalization 13 (34.21) 15 (55.55) 2.40 (0.87–8.61) 0.090

Quinolone
previous hospitalization 3 (7.89) 6 (22.22) 3.33 (0.75–14.7) 0.113
present hospitalization 17 (44.73) 12 (44.44) 0.98 (0.36–2.66) 0.988

Glycopeptide
previous hospitalization 1 (2.63) 3 (11.11) 1.05 (0.93–1.19) 0.393
present hospitalization 3 (7.89) 3 (11.11) 1.01 (0.90–1.15) 0.758

Antianaerobic agents
previous hospitalization 1 (2.63) 0 0.97 (0.92–1.02) 0.396
present hospitalization 7 (18.42) 5 (18.51) 1.00 (0.28–3.58) 0.992

Cotrimoxazole
previous hospitalization 1 (2.63) 2 (7.40) 2.96 (0.25–34.4) 0.386
present hospitalization 2 (5.26) 1 (3.70) 0.69 (0.60–8.04) 0.769

Aminoglycosides
previous hospitalization 5 (13.55) 3 (11.11) 0.80 (0.18–3.79) 0.825
present hospitalization 5 (13.55) 10 (37.03) 3.88 (1.14–13.1) 0.030

Piperacilin/tazobactam
previous hospitalization 3 (7.89) 3 (11.11) 1.45 (0.27–7.84) 0.660
present hospitalization 8 (21.05) 15 (55.55) 4.68 (1.57–13.9) 0.005

VRE – vancomycin resistent enterococci.

Table 3
Duration of antibiotic use (univariate logistic regression)

Duration (days), median ± SD
VRE VRE

non–colonized colonizedUsed antibiotics
(n = 38) (n = 27)

OR (95%CI) p

Cephalosporins
previous hospitalization 0.13 ± 8.11 0.30 ± 1.53 1.13 (0.73–1.75) 0.582
present hospitalization 2.29 ± 5.53 1.96 ± 3.70 0.98 (0.88–1.09) 0.787

Carbapenems
previous hospitalization 0.17 ± 1.13 1.18 ± 2.74 1.39 (0.94–2.05) 0.098
present hospitalization 2.47 ± 4.39 5.04 ± 5.37 1.11 (1.00–1.23) 0.046

Quinolones
previous hospitalization 1.71 ± 6.05 2.48 ± 5.97 1.02 (0.94–1.10) 0.609
present hospitalization 5.13 ± 7.18 3.93 ± 5.96 0.97 (0.90–1.05) 0.473

Glycopeptides
previous hospitalization 0.91 ± 4.77 0.51 ± 1.71 1.04 (0.82–1.32) 0.719
present hospitalization 1.32 ± 3.02 1.52 ± 2.75 1.01 (0.85–1.20) 0.835

Antianaerobic agents
previous hospitalization 0.15 ± 0.82 0.12 ± 0.38 0.70 (0.27–1.83) 0.475
present hospitalization 0.63 ± 1.55 1.07 ± 2.51 1.11 (0.86–1.43) 0.385

Cotrimoxazole
previous hospitalization 0.15 ± 0.82 0.48 ± 1.74 1.39 (0.79–2.43) 0.243
present hospitalization 0.63 ± 1.55 0.22 ± 1.15 1.08 (0.62–1.86) 0.776

Aminoglycosides
previous hospitalization 1.36 ± 4.20 0.44 ± 1.76 0.89 (0.73–1.10) 0.319
present hospitalization 1.45 ± 42.4 1.93 ± 2.74 1.03 (0.90–1.18) 0.605

Piperacilin/tazobactam
previous hospitalization 0.94 ± 4.19 1.25 ± 3.83 1.01 (0.90–1.15) 0.758
present hospitalization 0.87 ± 1.84 3.22 ± 3.93 1.36 (1.94–1.69) 0.006

VRE – vancomycin resistent enterococci.
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Multivariate logistic regresion analysis included all the
values of p < 0.1 (diagnosis, number of hospital days in present
hospitalization, carbapenem use in earlier and present hospitali-
zation, use of aminoglycosides and piperacillin/tazobactam use
in present hospitalization, duration of carbapenem use in previ-
ous and present hospitalization as well as length of piperacil-
lin/tazobactam use in present hospitalization).

The results of multivariate analysis demonstrated that
the diagnosis of the disease (AML), carbapenem use in ear-
lier hospitalization and length of piperacillin/tazobactam use
in present hospitalization were independent risk factors of
colonization of patients with VRE (Table 4).

Infections and pathogens

Data processing did not reveal any significant differ-
ence in the incidence of all HAI (p > 0.05), as well as certain
HAI (urinary tract infections, bloodstream infections and

pneumonia) between the two study groups of patients (Table
5). In the VRE-colonized patients, vancomycin resistant En-
teroccus spp was a cause of urinary tract infections in 4 pa-
tients, while VRE was not isolated as the cause of infection
in the non-colonized patients (Table 6).

Discussion

The patients affected by malignant hemopathies are of-
ten rehospitalized and, therefore possibilly colonized by hos-
pital pathogens including VRE. Immunosuppressed patients
appear to be at special risk for VRE colonization and severe

VRE infections. VRE are a particular problem in the inten-
sive care units of large hospitals where they usually occur.
Our study was designed to evaluate the colonization rate
during hospitalization at the Hematology ICU, colonization
rate on admission, and risk factors of colonization. The re-

Table 4
Risk factors for vancomycin-resistant Enterococci (VRE) colonization

according to multivariate logistic regression analysis
Risk factors B SE OR (95%CI) p
Diagnosis (AML) 0.001 0.001 0.92 (0.99–1.0) 0.048
Antibiotic use
Carbapenems – previous hospitalization 1.651 2.487 5.21 (0.04–6.81) 0.040
Duration of antibiotic use
Piperacillin/tazobactam – present hopsitalization 1.918 0.884 6.80 (1.20–3.85) 0.030

AML – acute myeloid leukemia.

Table 5
Infection in vancomycin-resistant Enterococci (VRE) – colonized  patients in present hospitalization

n (%) of patients
Hospital–acquired VRE non–colonized VRE colonized
infections (HAI) (n = 38) (n = 27)

Total patients
n (%)

Urinary tract infections 12 (31.6) 8 (29.6) 20 (30.8)
Bloodstream infections 8 (21.1) 3 (11.1) 11 (16.9)
Pneumonia 0 (0.0) 2 (7.40) 2 (3.1)
Without HAI 18 (47.3) 14 (51.9) 32 (49.2)
Total n (%) 38 (100.0) 27 (100.0) 65 (100.0)

Table 6
Cases of infection in the vancomycin-resistant Enterococci (VRE) – colonized and non–colonized patients in present

hospitalization
n (%) of patients

VRE VRE
non–colonized colonized

Hospital acquired
infection ( HAI)

(n = 38) (n = 27)

Total patients
n (%)

Urinary tract infection
Esherichia coli 5 (41.6) 0 (0.0) 5 (25.0)
Klebsiella spp. 5 (41.6) 1 (12.5) 6 (30.0)
Enterococcus spp.(vancomycin sensitive) 1 (8.3) 3 (37.5) 4 (20.0)
Enterococcus spp.(vancomycin resistent) 0 (0.0) 4 (50.0) 4 (20.0)
Providentia retgery 1 (8.3 ) 0 (0.0) 1 (5.0)

Total patients, n (%) 12 (60) 8 (40) 20 (100.0)
Bloodstream infection CNS* 4 (50.0) 2 (66.6) 6 (54.5)

Klebsiella spp 1 (12.5) 0 (0.0) 1 (9.09)
Pseudomonas spp. 1 (12.5) 0 (0.0) 1 (9.09)
Stenotrophomonas maltophilia 1 (12.5) 0 (0.0) 1 (9.09)
Acinetobacter spp. 1 (12.5) 0 (0.0) 1 (9.09)
Esherichia coli 0 1 (33.3) 1 (9.09)

Total patients, n (%) 8 (72.72) 3 (27.28) 11 (100.0)
*CNS – coagulasa negative staphylococci.
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sults of this study showed that 7% of the patients were VRE
positive on admission (VRE isolated from feces culture or
rectal swab). The colonization rate during ICU hospitaliza-
tion was 41.5%.

A relatively small number of articles described VRE
colonization in hematological patients 10, 16–19. However, En-
teroccoci have recently emerged as nosocomial agents, espe-
cially in patients with hematooncological diseases. The
studies from France and the Netherlands showed that 37%,
and 49% of hematological patients were colonized by VRE,
respectively 16, 17. Contrary to these results, VRE colonization
in the USA immunocompromised patients was reported in
considerably lower percentage. It was noted that out of 2,115
hematological patients, 4.7% patients had verified rectal
VRE colonization. Among all colonized patients, 5.4% were
patients with leukemia, 4.9% with hematopoietic stem cell
transplantation recipients, and 2.2% with lymphoma 20. In
other study which was carried out on the hematologyoncol-
ogy unit, 7.7% of patients, predominantly with hematologic
malignancies, were colonized or infected with VRE during
the study period 21. A much higher rate of VRE colonization
in our study (41.5%) is probably the result of the lack of
contact isolation measures and the increased use of antibiot-
ics. This is supported by the fact that only 15% of patients
did not receive antibiotics during present hospitalization.

Many years ago, it was demonstrated that 5–50% of all
antibiotic prescriptions are considered inappropriate which
can cause the emergence and dissemination of resistant or-
ganisms. However, there is not standard treatment protocol
for antibiotic prescription in our country. Beside that, the an-
tibiotics were until recently available over-the-counter in the
pharmacies. Antibiotic prescription is frequently done with-
out antibiograms or even without bacteriology isolation of
pathogens. All of the above mentioned can lead to high rates
of bacterial resistance to antibiotics. It is important to em-
phasize that there is an increasing trend of vancomycin re-
sistance in our country 22.

Our study failed to find any association of sex and the
age and development of VRE fecal colonization at discharge.
Our findings are consistent with the results of similar studies
conducted in Korea 23. On the contrary, a study carried out at
the Thessaloniki University Clinic confirmed that VRE colo-
nization was significantly more frequent in patients older
than 60 years of age 24.

Analysis of our results showed that VRE colonization
was significantly more frequent in patients with AML. Mul-
tivariate regression analysis demonstrated that AML was an
independent risk factor for VRE colonization. Similar results
were found in other studies as well 21. It can be explained by
the long length of hospitalization. Namely, duration of hos-
pital stay of our patients with AML ranged from 28 to 40
days, in distinction from the patients with acute lymphocytic
leukemia (ALL), non-Hodgkin lymphoma (NHL) and
chronic lymphocytic leukemia (HLL) who were hospitalized
during significantly shorter period. From the aspect of a cli-
nician this may be explained by the length of therapy proto-
col application. Besides other risk factors, the length of hos-
pital stay is considered as one of most important risk fac-

tor 10, 11, 24. Accordingly, AML patients are at higher risk of
colonization than patients with shorter hospitalization. The
results of this study are only the introduction to more com-
prehensive and detailed analysis of the problem not only in
hematological, but also in other immunocompromised pa-
tients.

Our study failed to find any significant difference in
previous hospitalization between the two studied groups of
patients, contrary to the results of other studies 20, 25. How-
ever, mean length of present hospitalization in VRE-
colonized patients was significantly longer in relation to non-
colonized patients, ie 35 vs 24 days.

The results of several studies showed that the use of
glycopeptides, second and third generation cephalosporins
and antianaerobic antibiotics are associated with the pa-
tients colonized with VRE 25, 26. Only few studies analyzed
the association of quinolone use and VRE colonization.
Our study failed to establish any significant difference in
the use and length of use of antibiotics from the group of
quinolones (ciprofloxacin) between the two groups of sub-
jects what is compatible with the findings obtained in other
studies 25.

Several studies on the effect of carbapenem as the risk
factor for VRE colonization did not show any significant dif-
ference in the use of these antibiotics between VRE-
colonized and non-colonized patients 20, 26. However, in other
studies prior carbapenem use was a significant risk factor for
VRE colonization 24, 25. Our study showed that there was a
difference in the duration of the use of antibiotics from car-
bapenem group (imipenem and meropenem) between two
groups of subjects in repeated hospitalization. Mean duration
of carbapenem use in the VRE-colonized and in non-
colonized patients in the repeated hospitalization was 5 and
2.47 days, respectively. Moreover, carbapenem use in previ-
ous hospitalization was an independent risk factor of VRE
colonization.

Vancomycin is a glycopeptide antibiotic that is used to
treat infections caused by Gram-positive bacteria. For many
years, it has traditionally been reserved as a drug of “last re-
sort”, used to treat severe infections for which other antibi-
otics had failed. Vancomycin use has increased linearly in
the last decades, especially for infections related to the pres-
ence of indwelling vascular catheter which is the case with
hematology-oncology patients. Vancomycin is not recom-
mended for regular antibioprophylaxis in surgery. However,
a growing number of infections caused by Staphylococcus
aureus resistant to meticillin has led to the widespread use of
vancomycin in hospitals. The results of studies on associa-
tion of vancomycin use and VRE colonization and infection
have been controversial. A meta-analysis of 20 studies
showed that the use of vancomycin increased the risk of
VRE colonization by 4.5 times 27. Using the multivariate
analysis, Ostrowsky et al. 28, in contrast, demonstrated that
there was no association between the vancomycin use and
VRE colonization. In addition, the results of recent system-
atic review did not determine a potential role for vancomycin
usage reduction in controlling VRE colonization 29. Our
study did not find any significant difference in the frequency
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of vancomycin use and length of its use between the two
groups of patients.

Analysing a study on the effect of use of antibiotics
from the group of aminoglycosides failed to find any signifi-
cant difference in the frequency of use of these antibiotics
between VRE-colonized and non-colonized patients 17. On
the contrary, our results showed a significant difference in
the use of aminoglycoside antibiotics between the two
groups of subjects during repeated hospitalization. In the
VRE-colonized group, 37% of the patients were adminis-
tered aminoglycoside antibiotics while in the non-colonized
group 13% of the patients received these antibiotics.

Analysing of our data showed that the VRE-colonized
patients received piperacillin/tazobactam in a significantly
higher percentage (55%) then non-colonized patients (21%).
An average length of piperacillin/tazobactam use in the VRE-
colonized and non-colonized patients during the present hos-
pitalization was 3.22 and 0.87 days, respectively. Moreover,
the use of this antibiotic in present hospitalization was an in-
dependent risk factor of VRE colonization. The incidence of
VRE was positively correlated with the use of piperacil-
lin/tazobactam or beta-lactam agents in other studies as well 30.

As the part of normal fecal flora, Enteroccoci were not
traditionally considered as important nosocomial pathogens.
But, they have emerged as increasingly important pathogens
with increased resistance to antibiotics. VRE become one of
the leading causes of HAI, especially of urinary tract and
bloodstream infections. VRE commonly colonise, but less

frequently cause the infections. However, colonization pre-
cedes most infections. In our study, VRE was a cause of UTI
in the colonized patients but not in the non-colonized pa-
tients. VRE infections are not more virulent than other en-
teroccocal infections. But, VRE infections are very problem-
atic for treatment. Enterococci are the most frequent cause of
UTI. During one year of surveillance, organized by the Na-
tional Healthcare Safety Network in the USA there was
found that Enteroccocus spp was third the most frequent
pathogen of HAI participated with 12% in the overall num-
ber of pathogenic isolates. Regarding rank-order distribution,
it was at second position for bloodstream infections and at
third position for UTI.  E. faecium and E. faecalis showed a
high proportion of vancomycin resitance: 98.4–99.5% and
91.9–98.4%, respectively 31.

Conclusion

VRE colonization rate was high among patients admit-
ted to hematology ICU.  Rational use of antibiotics and ac-
tive surveillance may be helpful preventive measures against
the development of bacterial resistance to antimicrobial
agents.
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Abstract

Background/Aim. Aneurysms in brain blood vessels are
expanding bags composed of a neck, body and fundus.
Clear visibility of the neck, the position of the aneurysm and
surrounding structures are necessary for a proper choice of
methods for excluding the aneurysm from the circulation.
The aim of this study was to evaluate the reliability of spatial
reconstruction of blood vessels of the brain based on the
original software for 3D reconstruction of the equipment
manufacturer and a personal computer model developed
earlier in the Clinic for Neurosurgery, Clinical Center of
Serbia, Belgrade, compared to intraoperative identification
of these aneurysms. Methods. This study included 137 pa-
tients of both sexes. The presence of an aneurysm was veri-
fied by angiographic methods [computed tomographic an-
giography (CTA), multislice computed tomography angiog-
raphy (MSCTA), magnetic resonance imaging angiography
(MRA), or digital subtraction angiography (DSA)]. Results.
The quality score (0 to 5) for CTA was 3.180 ± 0.961,
MSCTA 4.062 ± 0.928, and for DSA 4.588 ± 0.758 (p <
0.01). The results of this study favorite conventional angiog-
raphy as the gold standard for diagnostic of intracranial an-
eurysms.  Conclusion. The results of this study are consis-
tent with current publications review and clearly recognize
the advantages and disadvantages of diagnostic neuroradi-
ological procedures, with DSA of brain blood vessels as a
binding preoperative diagnostic procedure in cases in who it
is not possible to clearly visualize the supporting blood ves-
sel and neck of the aneurysm by using the findings of CTA,
MRA and MSCTA.

Key words:
intracranial aneurysm; diagnosis; angiography;
tomography, x-ray computed; magnetic resonance
angiography; angiography, digital subtraction.

Apstrakt

Uvod/Cilj. Aneurizme na krvnim sudovima mozga predsta-
vljaju vre asta proširenja kod kojih se razlikuju vrat, telo i
fundus. Jasna vizualizacija vrata, položaj aneurizme i odnos sa
okolnim strukturama su uslov za adekvatnu odluku o izboru
metode za isklju enje aneurizme iz cirkulacije. Cilj ovog rada
bio je da se proceni pouzdanost prostorne rekonstrukcije kr-
vnih sudova mozga zasnovane na originalnom softveru za 3D
rekonstrukciju proizvo a a opreme i personalnom kompju-
terskom modelu ranije razvijenom u Neurohirurškoj klinici
Klini kog Centra Srbije u odnosu na intraoperativnu identifi-
kaciju ovih aneurizmi. Metode. Ova studija obuhvatila je 137
bolesnika oba pola (90 žena i 47 muškaraca). Prisustvo aneu-
rizmi verifikovano je jednom od angiografskih metoda: kom-
pjuterizovanom tomografskom angiografijom (CTA), multis-
lajsnom kompjuterizovanom tomografskom angiografijom
(MSCTA), angiografijom magnetnom rezonancom (MRA) ili
digitalnom suptrakcionom angiografijom (DSA). Rezultati.
Ocena kvaliteta (skor od 0 do 5) za CTA bila je 3,180 ± 0,961
za, MSCTA 4,062 ± 0,928, i za DSA 4,588 ± 0,758 (p < 0.01).
Rezultati ove studije favorizuju konvencionalnu angiografiju
kao zlatni standard u dijagnostici aneurizmi. Zaklju ak. Re-
zultati ove studije u skladu su sa pregledom aktuelnih publi-
kacija i jasno prepoznaju dijagnosti ke prednosti i nedostatke
neuroradioloških procedura, pri emu se DSA krvnih sudova
mozga izdvaja kao obavezuju a preoperativna dijagnosti ka
procedura kod bolesnika kod kojih nije mogu a jasna vizuali-
zacija nose eg krvnog suda i vrata aneurizme na osnovu nala-
za CTA, MSCTA i MRA.

Klju ne re i:
aneurizma, intrakranijalna; dijagnoza; angiografija;
tomografija, komjuterizovana, rendgenska; magnetna
rezonanca, angiografija; angiografija, digitalna
suptrakcijska.
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Introduction

Aneurysms in brain blood vessels are expanding bags
composed of a neck, body and fundus. A connection, an in-
teraction between the neck and the body is not constant and
determined, thus, there are small wide neck aneurysms, but
also giant aneurysms with small necks. Clear visibility of the
neck, the position of the aneurysm and surrounding struc-
tures are necessary for making a proper decision on methods
for excluding an aneurysm from the circulation. In addition
to conventional digital subtraction panangiography (DSA) of
brain blood vessels 1, the development of sophisticated diag-
nostic procedures – computed tomography (CT) and mag-
netic resonance imaging (MRI) has enabled noninvasive im-
aging technology of blood vessels of the brain: CT angiogra-
phy (CTA), 3D multislice (MSCT) angiography (MSCTA)
and magnetic resonance angiography (MRA) 2.

Today’s CTA technology allows visualization of aneu-
rysm diameters greater than 0.7 mm, the console stand-out
point of 100–120 HU, and shows only lumens of blood ves-
sels with contrast and bone 3. But despite this, the  specified
diagnosis is commonly used in many institutions as a
screening method of choice, and sometimes even 3D-CTA is
used as the sole diagnostic method 4–8.

Digital subtraction angiography (DSA) is based on
digital elimination of bony structures so that the image
shows an isolated artery in which we inject an iodine contrast
agent. This is achieved by increasing the resolution until it
reaches the value of 0.05 mm or by increasing the number of
shoots until it reaches the number of 4–6 frames per second.
3D DSA is a software model based on rotational angiogra-
phy that can show the fine structure of brain blood vessels,
and this method is more accurate than standard DSA 9–11.

MRA is a noninvasive technique based on time-of-
flight (TOF) sequences and contrast-enchanced MR
(CEMR). There is a problem of spatial resolution, and the
minimum detection volume is 3 mm 12. It is possible to visu-
alize aneurysm diameters less than 3 mm and is usually to
detect those larger than 5 mm 13, 14. Despite the developed
software, sensitivity is less than that of DSA and is about 86–
95% with a resolution of 0.2 mm2. 8, 15–17, making it ideal as a
noninvasive screening procedure 12, 14, 18.

Despite technological advances, digital DSA remains the
gold standard for diagnosis. Newer methods, unfortunately,
have much lower accuracy in the diagnosis 19, 20. Microaneu-
rysms can be visualized almost by the use of the DSA 8.

The aim of this study was to evaluate the reliability of
spatial reconstruction of blood vessels of the brain based on
the original software for 3D reconstruction of the equipment
manufacturer and a personal computer model developed ear-
lier in the Clinic of Neurosurgery at the Clinical Center of
Serbia 21, 22 compared to the intraoperative identification of
these aneurysms.

Methods

This study included 137 patients of both sexes. The
presence of an aneurysm was verified by the angiographic

methods (CTA, MSCT, MRA, or DSA). The analysis in-
cluded patients who fulfiled the following requirements:
clinically, lumbar puncture (LP) and endocranial CT verified
attack of spontaneous subarachnoid hemorrhage (SAH); one
or more aneurysms of the anterior cerebral artery stream of
the base of the brain were verified using one or more angio-
graphic procedures, made surgery or embolization; aneu-
rysms of the carotid artery trunk (according to the small
number of surgically treated aneurysms of the vertebrobasi-
lar trunk).

In the analysis were used angiographic findings, spatial
reconstruction of blood vessels of the brain based on the
original software for 3D reconstruction of the equipment
manufacturer, and based on computer models previously de-
veloped in our Clinic 21, 22.

A score of 0 to 5 was given to each angiographic find-
ing according to the following criteria: aneurysm verification
(negative findings exclude other criteria), aneurysm shape
(0/1), aneurysm size (0/1), aneurysm orientation  (0/1), aneu-
rysm relationship to the carrying blood vessel (0/1), relation-
ship of the aneurysm with perforators (0/1).

Aneurysm morphometric analysis, a comparative analy-
sis of angiographic findings, and comparison of the quality
of angiography in relation to the intraoperative findings were
entered into questionnaire, followed by descriptive (meas-
ures of central tendency and dispersion measures), and ana-
lytical statistics. We used parametric (t-test) and non-
parametric tests ( 2 test, and median), as well as correlation
tests (linear correlation and regression).

Data analysis was performed on a personal computer
with Intel processor (generation of Intel Pentium III at 950
MHz, Intel QuadCore 6600 in the 2GHz Intel T6500
CoreTM2 Duo at 2.1 GHz) with a graphics card from Nvidia
TNT 2 Pro with 32 MB, and Gforce Gforce G105M 8800
with 512 MB VRAM. Digitalisation of images when it was
not in DICOM format was done using a scanner A4 HP
ScanJet 5P (300 to 1200 dpi) and PoweShot camera Canon
A710 IS (7.1 Mpixel).

Results

A total of 137 patients of both sexes (90 women and 47
men), the mean age 50.39 ± 8.25 years, were included in the
study. The mean ages of the female and male patients were
52.15 ± 6.64 years, and 46.84 ± 9.96 years, respectively. The
youngest patient was a 21-year-old and the oldest one a 72-
year-old. There were 185 aneurysms in observed group: 164
(88.65%) were located in the carotid stream and 21 (11.35%)
in the vertebrobasilar stream. The distribution of aneurysms
by the carrying artery is shown in Table 1.

In 52 (37.96%) patients angiography was performed by
using CTA. In 33% cases it was the only method of preop-
erative angiography. There were 17 diagnosis that were sup-
plemented by DSA, and in 2 patients with MSCTA. In 9
(17.31%) patients, CTA was initially falsely negative, which
was later confirmed by the subsequent diagnosis using DSA
or MSCT. The largest number of false negative results was
related to the internal carotid artery (ICA) (5).
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Table 1
Carrying artery aneurysms distribution

Artery Number
Internal carotid artery (ICA) 50
Anterior cerebral artery (ACA-A1) 2
Anterior communication artery (AcoA) 41
Pericallosal artery (PA) 4
Medial cerebral artery (MCA) 67
Posterior cerebral artery (PCA) 3
Basilar artery (BA) 8
Superior cerebral artery (SCA) 4
Inferior anterior cerebral artery (IACA) 1
Posterior inferior cerebral artery (PICA) 3
Vertebral artery (VA) 2

A quality score was determined by CTA in 50 patients
because ICA occlusion in the neck was found in 2 patients,
and aneurysm was not visualized intraoperatively. The reli-
ability score was 3.18 ± 0.96 with a median (Med) = 3.
MSCTA was performed in 18 patients. Only in 5 patients it
was the only method that was performed. A false-negative
finding was observed in one patient with aneurysm on the
anterior communication artery (AcoA) complex. Here, the
aneurysm was confirmed with DSA and intraoperatively. In
13 patients, MSCTA was supplemented with DSA.

A quality score was determined by MSCTA in 16 pa-
tients, because in 2 patients embolization was performed, and
aneurysm was no interoperatively visualized. The score was
4.06 ± 0.93 with a Med = 5

MRA was performed as initial diagnostic method in 12
patients during the acute phase of illness when they hospi-
talized in other centers. After diagnosing spontaneous sub-
arachnoid hemorrhage caused by ruptured aneurysm they
were referred for further treatment in the Clinic of Neurosur-
gery, Clinical Center of Serbia. All the patients underwent
additional angiographic diagnosis by using DSA (11 pa-
tients) or CTA (4 patients).

It was shown that by using CTA significantly lower
score for ICA aneurysm angiographic finding quality was
obtained in comparison with the score obtained by using
DSA. Statistically significant difference was not found be-
tween CTA and DSA in scores for medial cerebral artery
(MCA) and AcoA aneurysm angiographic finding quality.

Due to the small number of patients submitted to MRA,
which was not the only diagnostic procedure in neither case,
statistical analysis of this method was not performed. Also,
MRA was not performed on the same equipment in neither
case, but at different magnetic fields (from 1.0 to 3.0 T).

DSA was performed in 97 patients. In 66 of the patients
DSA was the only angiographic method for verification of
intracranial aneurysms. In the remaining cases (n = 31), con-
ventional angiography was the additional diagnostic proce-
dure in preparing patients for surgery.

In all the patients angiography was performed for 3D
reconstruction. In 46 patients  3D rotational angiography was
performed as a part of diagnostic procedure, while the 51st
patient subsequently made a spatial reconstruction based on
2D images and protocol for reconstruction in MatLab.

The quality score of DSA was determined in 71 patients
submitted to direct intracranial aneurysm surgery. For other
patients, occlusion was performed by endovascular proce-
dure. The aneurysm was not visualized interoperatively. The
quality score was 4.59 ± 0.76 with a Med = 5. If we com-
pared DSA scores for MCA, ACA and ACI aneurysm visu-
alization finding no statistically significant differences were
found.

After evaluating reliability analysis for each of the di-
agnostic procedures used, comparative analysis among the
differnet diagnostic procedures was done, with the exception
of MRA. Table 3 shows the results of testing comparative
reliability quality scores of CTA, MSCTA and DSA.

Table 2
Mean quality score of computed tomography angiography

(CTA) and digital subtraction angiography (DSA) for
carotid aneurysms

CTA DSACarrying artery
mean SD mean SD

MCA 3.48 1.40 4.65 0.80
AcoA 3.41 1.003 4.63 0.83
ICA 2.33 1.37 4.41 0.71

MCA – medial cerebral artery; ICA – internal carotid artery;
AcoA – anterior communication artery.

Table 3
The results of the t-test for comparison of angiographic

methods
Angiographic method t DF p
CTA/MSCTA 3.222 64 < 0.01
CTA/DSA 8.310 119 < 0.01
MSCTA/DSA 2.080 85 < 0.05

CTA – computed tomography angiography;
MSCTA – multislice computed tomography angiography;
DSA – digital subtraction angiography.

Discussion

In the observed group of patients standardized CTA was
performed in 52 patients, while MSCTA was performed in 18
patients. MSCTA was performed in a much smaller number of
cases  because the equipment was purchased later (it entered in
the second half of the study). False negative findings on CTA
were found by the subsequent additional diagnostics (DSA or
MSCTA) in 9 (17.31%) patients, while 5 of them had the ICA
aneurysms. When evaluating the reliability of methods for in-
tracranial aneurysms detection and its relationship with the
supporting blood vessel and perforators, CTA assessment re-
ceived score of 3.18 ± 0.96, and MSCTA 4.06 ± 0.93 (found
only one false-negative finding). Despite of almost equal
quality of CTA and DSA for detection of middle cerebral ar-
tery aneurysms, the grades observed sample was considerably
different and there was a statistically significant difference in
Korst DSA as a better method 23. On the other hand, Dehdasti
et al. 24 in comparative analysis indicate that CTA is still insuf-
ficient compared to DSA.

Because of the fact that the accuracy in the diagnosis of
intracranial aneurysms according to literature data is about
84.6%, we emphasize that our findings are consistent with
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the literature 25. This lack of precision primarily relates to the
detection of small aneurysms, subtraction bone in infracli-
noid aneurysms, the lack of the knowledgable of radiologists,
and artifacts that give previously placed clips or coil 3, 26–31.
The problem with small aneurysms detection, and increased
accuracy compared to standard CTA that works on a four- or
16-slice aparatus 64MSCTA somewhat beyond, and it can be
almost comparable with the standard 2D DSA 26, 32. But still
for aneurysms less than 4 mm  combination of DSA with
3D rotational angiography (3DR ) is the method of
choice 33. Also, the development of “dual-energy direct bone
removal” CTA technique (DE-BR-CTA) was started in the
late 70s, has enabled great progress in subtraction bone
structures in MSCT, thus the image quality is much closer to
conventional angiography 32, 34. 64MSCTA can be used as an
initial diagnostic procedure and to assess whether it is suit-
able for direct aneurysm surgery or embolization, given the
possibility of 3D reconstruction in subtraction 32. A signifi-
cant progress in subtraction resulted in orbital synchronized
helical scan (OSHST) technique that allows a piston or a
subtraction coil on postoperative recordings 35. However, de-
spite the development of all CT, angiography is limited in
diagnosing aneurysms of the posterior stream 36.

Despite the shortcomings CTA and MSCT are not only
used as initial diagnostic procedure and the screening method
of choice, but in some establishments 3D-CTA is used as the
sole diagnostic method for preoperative treatment of patients
with spontaneous subarachnoid hemorrhage 4–8, 37, 38. We
should not ignore the cost of diagnostic procedures, because
the cost of 3D CTA is significantly lower than the cost of
DSA, and can be considered as the method of choice in
screening 39. Due to lower prices and a small number of
complications, this method is very suitable for postoperative
monitoring and evaluation, as well as the only diagnosis in
elderly patients with degenrative altered blood vessels, where
catheter placement is difficult 40, 41.

Conventional angiography is an invasive method for ra-
diological detection of blood vessels and their pathological
changes. The biggest positive step forward is made by the
introduction of digital substraction and computer models
with which we eliminate the bone structure. DSA with spa-
tial reconstruction is the gold standard in diagnosing intra-
cranial aneurysms 42–44. Also, van Rooij et al. 45, 46, in their
studies emphasize the advantage of rotational angiography
over conventional angiography for detection of small aneu-
rysms. They believe that negative DSA angiographic find-
ings should be done by the 3D-DSA, because in a great
number of cases small aneurysms can be detected with this
method 45. According to Hai et al. 47 it is of great benefit in
planning 3DRA embolization of small aneurysms, the proce-
dure itself reduces the radiation dose in comparison to con-
ventional DSA.

However, Hirai et al. 48 stress that the lack of methods
is false pseudostenosis of the intracranial blood vessels. This
phenomenon is related to the angle at which it is rotational
angiography and length of blood vessel 48. A reduction in ar-
tifacts of pseudostenosis solved by the introduction of flat
panel detector (FPD) system 49.

In more than 2/3 (70.8%) of the patients in the observed
group DSA was performed. Study on comparative analysis
of biplanar DSA and 3D angiography demonstrated the ad-
vantages of 3-dimensional images, suggesting that all pa-
tients should be subjected to it for spatial reconstruction of
brain blood vessels and intracranial aneurysms. It is done
either in the form of 3DRA as a part of standard diagnostic
apparatus using the Siemens Axiom Artis, or in the form of
computer reconstructions based on MatLab biplanarnih shots
(PA and lateral projections) 21, 22, 50–52.

False negative findings were not found in any case, re-
liability score was performed in 71 patients with direct aneu-
rysm surgery. DSA with spatial reconstruction in the ob-
served group received a high score of 4.59 ± 0.76. This rela-
tively higher score of reliability is consistent with literature.
DSA with 3D angiography is still considered to be a gold
standard, because of the fact that microaneurysms can be
visualized almost by the use of the DSA 8, 42, 45, 53, 54. Imper-
fections in the diagnosis among other things can be ex-
plained by Jou et al. 55. Artifacts can be created by the effect
of pulsations, gravity and unequal density and contrast lev-
els.

Aneurysms of various localization were slightly less
noticeable than aneurysms in ICA, but if we compare the
grades among themselves there were no statistically signifi-
cant differences (p > 0.05). It is not a small problem in the
conversion of pixels as the relative size in millimeters, ie.
real size. Fox et al. 56 conducted a study on comparative
analysis of digital angiography in different picture archiving
and communication systems (PACS). Kawashima et al. 57

emphasize that there are differences in morphometric meas-
urements between biplanar DSA and 3D subtraction angiog-
raphy. In this study  comparative analysis of the intraopera-
tive findings was not performed, thus the conclusion about a
more realistic value could not be drawn. Beck et al. 58 find
that the dimensions of aneurysms by 3DRA are not less than
by biplanar DSA and are close to their actual sizes.

Several studies demonstrated the application of 3DRA
within the system neuronavigation. Raabe et al. 59 carried out
a number of operations of the intracranial aneurysms using
BrainLab’s apparatus for neuronavigation, Vector Vision 2
and the Philips Integris Allura System angiographic. Previ-
ously it was used during diagnostic frame for registration.
During the work it was shown that the maximum error is in
the angulation of 90° and 90° in the rotation. According to
them, and despite the fact that such a system requires further
improvement it provides a useful topographical information
about the vascular anatomy 59. Willems et al. 60 developed the
integrated 3DRA neuronavigation system and the first
phantom, and then applied it in the course of operations.
They used a Philips Integris BV5000 angiographic apparatus
and Medtronic’s neuronavigation StealthStation system. Im-
possibility of direct transfer of data from the angiographic
system console to the console of the neuronavigation system,
they overcame by using a dynamic reference frame (DRF).
By this way they were enabled to enhance visualization of
the operation of complex giant aneurysms and arteriovenous
malformations 60.
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MRI, or nuclear magnetic resonance (NMR) imaging, is
a noninvasive diagnostic procedure without the use of ioniz-
ing radiation. Because of that it is ideal as a noninvasive
screening procedure 12, 14, 18. Also it is grateful for its nonin-
vasive and long-term monitoring of patients after treat-
ment 61–63. With magnetic field intensification and matrix
size recording, resolution and sensitivity increase as indi-
cated by phantom studies 64, 65. Clinical study on diagnosing
unruptured aneurysms using DSA of 1.5T and 7.0T as the
reference standard by Mönninghoff et al. 66 showed the ad-
vantage of a stronger magnetic field in the detection of intra-
cranial aneurysms. Gibbs et al. 67 obtained similar results.
They also reduced magnetic field amplification and record-
ing time.

Sensitivity, despite the developed software, is always
lower than in DSA and is about 86–95% with a resolution
of 0.2 mm2 20. Schwab et al. 53 did a comparative analysis
of MRA and DSA findings in 133 patients with aneurysms
and found deviation of MRA findings with regard to DSA
in as much as 59%. These differences relate not only to the
location and number of aneurysms, but also to the type of

aneurysm. Therefore, they recommend screening before
using CTA as a less invasive method of DSA 53. In order to
assess the quality of MRA as a screening method, Hi-
ratsuka et al. 68 worked comparative analysis of 3T MRA
64MDCTA with 3D-DA as a reference standard. Their
study of 38 patients with nonruptured aneurysms showed
no statistically significant difference between MRA and
MDCT. In both methods we used volume rendering, and
the advantage of it is contrary to Schwab et al. 53 because
MRA is completely noninvasive and does not use contrast
agents 68.

Conclusion

The results of this study, consistent with the review of
current publications, clearly recognize the advantages and
disadvantages of diagnostic neuroradiological procedures,
with DSA of brain vessels as a binding preoperative diag-
nostic procedure in case that findings on CT, MRA and
MSCT are not enough for clear visualization of the support-
ing blood vessel and the neck of aneurysm.
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Abstract

Background/Aim. The detailed knowledge of the archi-
tecture of the upper eyelid is very important in numerous
upper eyelid corrective surgeries. The article deals with the
detailed anatomy of the major components of the upper lid,
which are commonly seen in surgical practice. Methods.
This study was conducted on 19 human cadavers (12 adults
and 7 infants) without pathologic changes in the orbital re-
gion and eyelids. Anatomic microdissection  of the contents
of the orbita was performed bilaterally on 12 orbits from 6
unfixed cadavers (3 male and 3 female). Micromorphologic
investigations of the orbital tissue were performed on 8 en
bloc excised and formalin-fixed orbits of infant cadavers.
Specimens were fixed according to the Duvernoy method.
An intra-arterial injection of 5% mixture of melt formalin
and black ink was administered into the carotid arterial sys-
tem. Using routine fixation, decalcination, dehydration, illu-
mination, impregnation and molding procedures in paraplast,
specimens were prepared for cross-sections. Results. The
measurement of the muscle length and diameter in situ in 6
nonfixed cadavers (12 orbits) showed an average length of
the levator palpbrae superioris (LPS) muscle body of the 42.0 ±

1.41 mm on the right, and 40.3 ± 1.63 mm on the left side.
In all the cases, the LPS had blood supply from 4 different
arterial systems: the lacrimal, supratrochlear, and supraorbital
artery and muscle branches of the ophthalmic artery. The
LPS muscle in all the specimens was supplied by the superior
medial branch of the oculomotor nerve. The connective tis-
sue associated with the LPS muscle contains two transverse
ligaments: the superior (Whitnall’s) and intermuscular trans-
verse ligaments (ITL). The orbital septum in all the speci-
mens originated from the arcus marginalis of the frontal
bone, and consisted of two layers – the superficial and the
inner layer. In addition, a detailed histological analysis re-
vealed that the upper eyelid’s crease was formed by the con-
joined fascia including the fascia of the orbicularis muscle,
the superficial layer of the orbital septum, and the aponeuro-
sis of the LPS muscle, as well as the pretarsal fascia. Conclu-
sion. The conducted study provided a valuable morphologi-
cal basis for biomechanical and clinical considerations re-
garding blepharoptosis surgery.

Key words:
oculomotor muscles; blepharoptosis; microdissection;
oculomotor nerve.

Apstrakt

Uvod/Cilj. Detaljno poznavanje gra e gornjeg kapka veo-
ma je važno za mnogobrojne korektivne hirurške zahvate na
gornjem kapku. Ovaj lanak bavi se detaljnom anatomijom
glavnih struktura gornjeg kapka koji se obi no susre u u hi-
rurškoj praksi. Metode. Studija je sprovedena na 19 ljudskih
kadavera (12 odraslih i 7 odoj adi) bez patoloških promena
u orbitalnoj regiji i kapcima. Anatomska mikrodisekcija sa-
držaja orbite sprovedena je na 12 orbita, obostrano na 6
svežih kadavera odraslih (3 muška i 3 ženska). Mikromor-
fološka ispitivanja struktura orbite izvedena su na 8 en bloc

orbita kadavera odoj adi fiksiranih formalinom. Preparati su
fiksirani Duvernoy metodom. U karotidni sistem intraarte-
rijski je ubrizgavana mešavina 5% rastvora formalina i crnog
tuša. Rutinskom procedurom, koja obuhvata fiksaciju, de-
kalcifikaciju, dehidrataciju, prosvetljavanje, impregnaciju i
kalupljenje u paraplastu, uzorci su pripremani za pravljenje
preseka. Rezultati. Merenje dužine i širine miši a na šest
svežih kadavera (12 orbita) pokazalo je prose nu dužinu tela
miši a levator palpebrae superioris (LPS) od 42,0 ± 1,41 mm na
desnoj strani, a 40,3 ± 1,63 mm na levoj strani. U svim slu-
ajevima, LPS je bio vaskularizovan iz etiri razli ita arterij-

ska sistema: a. lacrimalis, a. supratrochlearis, a. supraorbitalis i mi-
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ši nih grana a. ophthalmicae. Miši  LPS u svim slu ajevima
inervisala je gornja medijalna grana n. oculomotoriusa. Usta-
novljeno je da je vezivno tkivo povezano sa LPS miši em,
sastavljeno od dva popre na ligamenta: gornjeg (Whit-
nallovog) i intermuskularnog popre nog ligamenta (ITL).
Orbitalni septum je u svim slu ajevima polazio od supra-
orbitalne ivice eone kosti i sastojao se od dva sloja – po-
vršnog i dubokog. Osim toga, detaljna histološka analiza
pokazala je da gornji kapa ni žleb formira fascija miši a or-

bicularis oculi, površni sloj orbitalnog septuma, aponeuroza
miši a levator palpebrae superioris i pretarzalna fascija. Zak-
lju ak. Istraživanjem je obezbe ena važna morfološka os-
nova za biomehani ka i klini ka ispitivanja u hirurgiji ble-
faroptoza.

Klju ne re i:
miši i, okulomotorni; blefaroptoza; mikrodisekcija;
n. oculomotorius.

Introduction

A wider knowledge of the levator palpebrae superioris
(LPS) muscle and the suspensory fibrous tissue related to the
LPS muscle is essential for the eyelid surgery, especially for
the blepharoptosis correction. Even though, there are several
papers providing the description of the eyelid anatomy, anat-
omic features of the orbicularis oculi and the LPS muscle,
there are various anatomical details that are still controver-
sial. In particular, the importance of the orbital connective
tissue and the role they play in pathogenesis or the blepha-
roptosis treatment are still unclear.

In most patients with congenital and acquired blepha-
roptosis, palpebral creases are not so distinctive. In addition,
Anderson et al. 1 described an atrophic and dehiscent supe-
rior transverse ligament (Whitnall’s ligament-WL 2) in those
patients. Fink et al. 3 first reported the presence of the con-
nective tissue which underlines the LPS muscle, the tissue
that was called the intermuscular transverse ligament (ITL)
by Lukas et al. 4. However, the functional role of these liga-
ments in the LPS muscle is still unclear.

The aim of this study was to reinvestigate the detailed
anatomy of the connective tissues related to the LPS muscle,
and to establish their role in the suspension and creation of
normal upper eyelid contours in the occidental race.

Methods

The anatomic microdissection study and histological
analysis were conducted on 19 human cadavers (12 adults
and 7 infants). We used microdissection techniques for the
orbits from formalin-unfixed/fixed cadavers, as well as mi-
cromorphologic investigation methods.

The anatomic microdissection of the contents of the or-
bita through the anterior cranial fossa (transcranial approach)
was performed bilaterally on 12 orbits from six unfixed ca-
davers (3 male and 3 female). The cadavers, aged 42–75
years (the mean age was 60 years) had no pathologic changes
in the orbital region and eyelids. We used the standard tech-
nique for the brain extraction, and the customary abduction
technique to remove the orbital bony roof. The periorbita
was then incised, and turned laterally so that the levator
muscle of the upper eyelid could be seen. Anteriorly, we
found the transverse fibrous strands of Whitnall’s ligament,
and, after cutting the LPS muscle proximally, an intramus-
cular transverse ligament with connections to the bone of the
orbital roof. The space under the aponeurosis of the LPS

muscle was dissected to expose the tarsal plate. Microdis-
section of the orbital subject was performed using a stereo
magnifying glass (4 ).

The method of standard dissection of 12 orbits from 6
formalin fixed cadavers (3 male and 3 female) was per-
formed by the combined transcutaneous and transcranial ap-
proach. Incisions were made on the skin, the orbicularis oculi
muscle was exposed, and a strip of orbicularis oculi muscle
was turned aside. After the junction of the orbital septum and
levator aponeurosis was observed, a blunt dissection was car-
ried out through the outer layer of the orbital septum, and
continued to the Whitnall’s ligament between the levator
aponeurosis and the inner layer of the orbital septum, which
covers the posterior surface of the orbital fat.

All the specimens were photographed by a Sony Cyber
Shot DCS P8 digital camera.

Micromorphologic investigations of the orbital tissue
were performed on 8 en bloc excised and formalin-fixed orbits
of infant cadavers with no pathologic changes in the orbital re-
gion and eyelids. An intra-arterial injection of 5% mixture of
melt formalin and black ink was administered in the carotid
arterial system, and rinsed out using a saline solution and 4%
neutral buffered solution of formaldehyde. The specimens
were fixed according to the method of Duvernoy. We used the
standard technique for the brain removal, and the specific tran-
scranial approach. Microdissections (using micro instruments)
of injected orbital blood vessels, nerves and muscles were
analyzed under the Leica MZ6 stereomicroscope.

All the specimens were photographed by Sony Cyber
Shot DCS P8 digital camera. To get more easily visible de-
tails, we used the Leica DC 300 digital camera (magnifica-
tions 6.3 , 10  and 20 ).

Histological analysis was carried out on 6 en bloc ex-
cised and formalin-fixed infant orbits. We used the material
from the Anatomic Institute of the Faculty of Medicine, Bel-
grade. The aim was to establish the exact micromorphologic
architecture of the upper eyelid. Orbital and frontal region
specimens were perfunded with the saline solution through a
cannula placed in one of the carotid arteries, and the 4%
neutral buffered formaldehyde solution was used afterwards
for the same purpose. All the specimens were fixed in the 4%
neutral buffered formaldehyde solution in volume 20 times
larger than the tissue volume prepared for fixation. Using
routine fixation, decalcination, dehydration, illumination,
impregnation and molding procedures (Bio-Plas plus, Bio-
Optica, Italy), paraplast specimens were prepared for sec-
tions At the distance of 15 m, we cut off a series of tissue
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midsagital sections of 4–5 m in thickness using a Reichert-
Jung microtome. Sections were placed on special high-
adhesive glass plates (Super Frost Plus, DAKO, Denmark),
dried for 60 minutes in thermostat (56°C), and dyed after-
wards. Out of standard hematoxilin-eosin (H&E) dyeing pro-
cedures, we used advanced histochemical dyeing methods:
periodic acid-Schiff (PAS), Masson trichrome and elastica
Martius scarlet blue (MSB).

This study was conducted in accordance with the Ser-
bian laws and regulations. The methods for securing the hu-
man tissue were humane, proper consents and approvals
were obtained, and the tenets of the Declaration of Helsinki
were followed.

Results

Anatomic investigations

Levator palpebrae superioris (LPS) muscle

The measurement of the muscle length and diameter in
situ on 6 nonfixed cadavers (12 orbits) showed the average
length of the LPS muscle body to be 42.0 ± 1.41 mm on the
right, and 40.3 ± 1.63 mm on the left side. In its origin part,
the muscle width was 3.93 ± 0.37 mm on the right, and 3.60
± 0.40 on the left side, while at the point of the muscle tran-
sition to aponeurosis (LPS tendon), it was 4.97 ± 0.29 mm
and 4.78 ± 0.27 mm, respectively. The transition of the LPS
muscle body to its aponeurosis was 14–17 mm [15.83 ± 0.75
mm (right side), and 14.83 ± 0.75 mm (left side)] from the
superior edge of the tarsus (Table 1).

Blood supply of levator palpebrae superioris (LPS)
muscle

Our anatomical investigation of the LPS muscle blood
supply revealed that the muscle got the blood from four dif-
ferent arterial systems: the lacrimal, supratrochlear, and su-
praorbital artery and muscle branches of the ophthalmic ar-
tery (fellows of n. oculomotorius and its branches), in all our
cases. The anterior half of the LPS muscle had the blood
supply from the lacrimal artery branches (the lateral part)
and branches of the supratrochlear and supraorbital artery
(the medial part), while the blood into the posterior half of
the LPS muscle came from the muscle branch of the oph-
thalmic artery (a fellow artery of the superior branch of the

oculomotor nerve). All the arterial branches entered the mus-
cle from its superior surface (Figures 1 a–c).

Distribution of the oculomotor nerve terminal branches
in the m. levator palpebrae superioris (LPS)

The levator palpebrae superioris muscle in all dissec-
tions (8 orbits) was supplied by the upper medial branch of
the oculomotor nerve. In one case, the LPS muscle was sup-
plied by 2 divided branches of the upper medial branch. Af-
ter excising the lateral wall of the cavernous sinus and en-
tering the orbit through its upper medial part, just behind the
annulus of Zinn, the oculomotor nerve divided into two
branches: the superior and the inferior one. The upper branch
(ramus superior) was directed upward, and after the short
travel was divided into two divisions: the lateral division that
supplied the superior rectus muscle, and the medial division
for inervation of the LPS muscle. Medial division ran con-
tinuously to the LPS muscle along the medial border of the
superior rectus in 7 of 8 specimens (87.5 %), while in 1
specimen, it passed through the rectus (12.5%) and entered
the inferior surface of the LPS muscle. The number of termi-
nal branches of the medial division in the LPS muscle was
2.93 ± 0.45 (mean ± standard deviation) (Figure 1d).

The terminal branches of the upper medial division
traveling to the LPS muscle were traced. We classified the
pattern of distribution of the superior division of the oculo-
motor nerve course as follows: type I – terminal branches
extending to the proximal third of the LPS; type II – terminal
branches extending to the middle third of the LPS; type III –
terminal branches extending to the distal third of the LPS.

In our investigation, the type I distribution of terminal
branches was seen in 1 of 8 (12.5%) specimens, type II in 1
(12.5%) specimen, and type III in 5 (62.5%) specimens.
There were 2 separate medial branches in 1 dissection, 1
ending in the proximal third, and the other terminating in
distal third of the LPS muscle.

Type III was further reclassified as follows: type IIIa –
terminal braches running along the medial third of the LPS;
type IIIb – terminal braches running along the central third of
the LPS; type IIIc – terminal braches running along the lat-
eral third of the LPS.

In our study, the type IIIa was seen in 1 of 5 (20%),
type IIIb in 3 of 5 (60%) specimens, while 1 of 5 (20%) dis-
sections showed the type IIIc.

Table 1
Measurements of the levator palpebrae superioris muscle (LMS)

Parameter Values SD
Right (mm) 42 44 40 41 43 42 42.00 1.41

The length of muscle bodies LPS Left (mm) 41 42 38 39 42 40 40.33 1.63
Right (mm) 4.0 4.4 3.4 3.6 4.2 4.0 3.93 0.37The width of origin part

muscle bodies LPS Left (mm) 3.7 4.1 3.0 3.3 3.9 3.6 3.60 0.40
Right (mm) 5.0 5.4 4.6 4.7 5.1 5.0 4.97 0.29The width of LPS at the place of the

muscle transition to aponeurosis Left (mm) 4.8 5.2 4.4 4.6 4.9 4.8 4.78 0.27
Right (mm) 16 17 15 15 16 16 15.83 0.75The length of aponeurosis LPS Left (mm) 15 16 14 14 15 15 14.83 0.75
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Transverse ligaments related to the levator palpebrae
superioris (LPS) muscle

In our study we found 2 transverse ligaments (thicken-
ing of the muscle sheath) related to the LPS muscle: the su-
perior transverse ligament (Figure 2) and the intermuscular
transverse ligament (ITL) (Figure 3).

Fig. 2 – The Whitnall's (WL) ligament.
LPS – levator palpebrae superioris.

Fig. 3 – The intermuscular transverse ligament (ITL).
LPS – levator palpebrae superioris muscle;

RS – rectus superior muscle.

As it could be seen from the above said, the Whitnall’s
ligament (Table 2) assumed spindle shape showing its
maximum anterior-posterior extension over the LPS muscle.
The 60% of specimens in our study showed the WL bundles
fused with the medial and lateral horn of the LPS muscle.

a) b)

c) d)
Fig. 1 – Microdissection – intraarterial injection of 5% mixture of melt formalin and black ink

a) 1 –  branches of the lacrimal artery; 2 – branches of the supratrochlear artery; 3 – branches of the supraorbital artery, the levator palpebrae
superioris (LPS), the rectus superior (RS) muscle; b) 1 – the lacrimal artery; 2 – the supraorbital artery of the levator palpebrae superioris (LPS)

muscle the rectus superior (RS) muscle; c) 1 – branches of the ophthalmic artery; 2 – the upper medial branch of the oculomotor nerve of the levator
palpebrae superioris (LPS) muscle; d) 1 – the upper medial branch of the oculomotor nerve; 2 – the branch of the upper medial branch of the

oculomotor nerve for the levator palpebrae superioris (LPS) muscle; 3 – the branch of the upper medial branch of the oculomotor nerve for the
rectus superior (RS) muscle and levator palpebrae superioris (LPS) muscle.
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Fine connective tissue fibers occurred between the orbital roof
periost and the WL. Due to this connective tissue was consis-
tently observed between the LPS muscle and the superior rec-
tus (SR) muscle, this ligament was named ITL by Lucas et al. 4

(Table 2) to ensure clear differentation from the WL. As al-
ready mentioned, the trapezoidal-shaped ITL with a nearly
transverse anterior border continued posteriorly as a thin
transparent layer (the intermuscular septum). A sleeve for the
LPS muscle was formed by the fusion of the WL and the ITL
near their medial and lateral insertions. Originating from the
outer and, mainly, from the inner fascia of the lacrimal gland
or the lateral orbital wall, the ITL extended transversally be-
low the LPS muscle to insert at the superomedial orbital notch,
and continued posteriorly to the trochlea and the connective
tissue around the superior oblique. The main ligament inser-
tions were slightly lower in the orbit than in the middle of both
ligaments connected with the LPS muscle. The connections of
the ITL with the upper conjunctival fornix, and the presence of
the sagittal connective tissue strands between the ITL and the
SR and its pulley were revealed by microscopic preparations.

Orbital septum

In all the specimens, the orbital septum originated from
the arcus marginalis of the frontal bone, and consisted of
two layers (Figure 4). The outer (superficial) whitish layer,

containing vertically running vessels, descended just posteri-
orly to the orbicularis oculi muscle and the submuscular fi-
brofatty layer. Slightly above the tarsal upper edge (3 to 5
mm), there was a junction of the orbital septum, the levator

aponeurosis and deep aponeurosis of the orbicularis oculi
muscle reflecting downward without the attachment of the
surrounding connective tissue, and ending in the deep layer
of the pretarsal skin. The inner (deep) layer ran closely
abreast, reflected at the levator aponeurosis and continued
superiorly and posteriorly to the levator sheath. Tracing of
the deep layer led to the superior transverse ligament of
Withnall above the levator aponeurosis. In the space between
the palpebral part of the orbicularis oculi muscle and the or-
bital septum, we found the (loose) areolar tissue. Most com-
monly, this space contains the preseptal fatty tissue.

Our study of orbits and the upper eyelid revealed 3 dif-
ferent compartments of the fatty tissue: lateral, medial and
pre-aponeurotic fatty pads. The lateral fatty pad (light yel-
low) was placed between the lateralis rectus and the SR mus-
cle, based anteriorly-superiorly to the orbital part of the lac-
rimal gland. It did not reach the upper eyelid in any of the
specimens. The medial fatty pad (light yellow, too), between
the medial rectus and the oblique superior muscle reached
the orbital septum at the level of the medial part of the eye-
lid. The pre-aponeurotic fat is a cephalic portion of the or-
bital fat. It is located below the orbital roof, behind the or-
bital septum, and in front of the LPS muscle aponeurosis.
The pre-aponeurotic fat, light yellow in color, extended lat-
erally behind the lacrimal gland, and medially, to the oblique

superior tendon, which separated it from the medial fat. Fat
formations of the upper eyelid were separated by fascial ex-
tensions from the WL. Medial and central fatty pads were
completely separated in few cases (16.7%), while, in most

Fig. 4 – Microdissection of the orbital septum.
1 – the superficial layer; 2 – the submuscular fibrofatty layer; 3 – the pre-aponeurotic fatty pad; OOM – orbicularis oculi muscles.

Table 2
Measurements of the Whitnall's (WL) ligament and the intermuscular transverse ligament (ITL) (n = 20)

WL (  ± SD) ITL (  ± SD)Parameter right orbit left orbit right orbit left orbit
Anterio-posterior extension (mm) 11.4  4.2 11.5  4.0 15.7  4.8 15.4  4.7
Mediolateral extension (mm) 36.6  5.6 36.4  5.1 34.6  7.2 35.0  6.2
Thickness (mm) 1.4  0.4 1.6  0.5 1.2  0.3 1.4  0.4
Angle with the LPS muscle (°) 84.4  5.4 83.3  4.8 84.7  9.6 83.8  8.9
Distance from the superior posterior tarsal border (mm) 12.1  2.7 11.9  3.2 15.7  4.1 15.6  4.8

LPS – levator palpebrae superioris
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cases, they were connected partially. The blood supply and
the innervation of fatty pads came from terminal branches of
the supraorbital artery and nerve.

Histological analysis

In our upper eyelid investigation, we identified a forma-
tion that creates the palpebral crease called the conjoined fascia
by Siegel. In all the cases, it was placed in front of the tarsus at
the level of the upper palpebral crease, and consisted of or-
bicularis oculi fascia, the superficial layer of the orbital septum,
the LPS muscle aponeurosis and the pretarsal fascia. At the
level of the upper palpebral crease, the LPS muscle aponeurosis
showed a junction to the orbital septum and the orbicularis oc-
uli fascia. These fibers proceeded downward, and met the pre-
tarsal fascia. The conjoined fascia was firmly attached to the
tarsus and the pretarsalis part of the orbicularis oculi muscle.
Some fibers of the LPS muscle aponeurosis continued forward
and was inserted in the deep surface of the skin. Behind the or-
bicularis oculi muscle, as well as in the front of the orbital
septum, we found the lose fibrofat layer, mostly avascular, and
called it the suborbicular fascial plan (Figure 5a).

The dense, thick collagen fibers of both layers of the
orbital septum enclosed the pre-aponeurotic fat in the mid-
sagital line. Collagen fibers of the deep layer proceeded to
the WL and sheath of the LPS muscle. At the level of the up-
per palpebral crease, the deep layer of the orbital septum was
intimate with and directly adjacent to the LPS muscle apo-
neurosis. The deep layer of the orbital septum near the su-
praorbital edge terminated in the periorbital periostium,
without a connection to the superficial layer (Figure 5b).

In addition, we found that the superficial layer of the or-
bital septum ran cephalad as a galeal layer, without a direct or
indirect connection to the frontal muscle. We identified fibrous
connections between the orbital septum and the suborbicular
fascial layer near the eyebrow. These connections indirectly
limited the frontal muscle in the eyebrow elevation (Figure 5c).

Discussion

Our analysis of anatomical and topographic features of
the LPS muscle has not shown any statistically significant
differences compared to previous studies 5–8.

In all the cases, the anterior half of the LPS muscle was
supplied by the branches of the lacrimal, the supratrochlear,
and the supraorbital arteries, while the posterior half was
supplied by the muscular branch of the ophthalmic artery
(fellow artery of the superior division of the oculomotor
nerve). George 9 found that the posterior half of the LPS
muscle had the blood supply by the posterior ethmoid artery
that we did not find in any case.

We consider that injuries to the blood vessels supplying
the anterior part of the muscle might be indirectly involved
in muscle activity, that is the inadequate hemostasis of these
vessels, especially in surgical procedures involving the LPS
muscle, might result in hematoma, and interfere with postop-
erative results.

The LPS muscle in all the specimens was supplied by
the superior medial branch of the oculomotor nerve. The up-
per medial branch of the oculomotor nerve extended to the
middle third of the LPS muscle (Type III distribution ac-
cording to the study of Hwang et al. 10).

These nerve endings were exposed and vulnerable, so
their injuries could cause permanent postoperative blepha-
roptosis. They were also sensitive to local anesthetics, and
could be disturbed during the eyelid surgery under local an-
esthesia. Due to that, exceptional care should be taken during
the infiltration of anesthetic near the LPS muscle in order to
avoid its transient paralysis postoperatively.

The microarchitecture of the orbital connective tissue
system has a significant role in extraorbicular muscles func-
tioning 11–15. The connective tissue associated to the LPS
muscle contains two transverse ligaments: the superior trans-
verse (Whitnall’s) ligament and the intermuscular transverse
ligament. The Whitnall’s ligament has been described as a
condensed sheet of fascia underlying the LPS on the superior
surface of the muscle, localized in the transitional zone be-
tween the muscle body and the aponeurosis. In spite of sev-
eral descriptions, the function of the WL is still controver-

sial. Whitnall has considered its function as a check liga-
ment. Lemke et al. 16 have mentioned that the WL shows no
tension with the open eyelid, while Dutton 17 believes that
the WL plays no role in the suspensory activity of the LPS.
Anderson and Dixon 18 think that the WL has the role in

a) b) c)
Fig. 5 – Phistological analysis of the orbital septum.

a) Van Gieson’s methods ( 15); b) Masson trichrome methods ( 15); c) Martius scarlet blue (MSB) methods ( 15).
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changing the anterior-posterior traction power of the LPS
into vertical one, relieving the eyebrow elevation. In addi-
tion, they have found the WL dehiscence and atrophy in
some patients with congenital blepharoptosis.

Our study revealed that the superior transverse ligament
(WL) and the intermuscular transverse ligament surrounding
the LPS muscle in all cases were located at the junction of
the muscle body and its aponeurosis. Both transverse liga-
ments had their origin from the medial and lateral orbital
wall. The Withnall’s ligament had firm attachments to the
LPS on the outer parts of the muscle. The main and dominant
origin of the WL was the lateral one, under the LPS muscle,
thus, it could be of a great importance for the suspensory ac-
tivity of the LPS. Under the upper surface of the WL, there
were brands of the loose connective tissue reaching perios-
tium of the orbital roof. The ITL is the condensed fascia of
the LPS muscle, between the LPS and the rectus superior
muscle, connected by brands to the superior conjunctival
fornix. This ligament showed a greater anterior-posterior
extension than the WL. The main insertion was placed under
the middle of both transverse ligaments. We assume that the
LPS muscle runs freely over the ITL thanks to condensing of
the connective tissue in the anterior parts of the ligament.

According to the conclusions of a separate examination,
we think that these two ligaments could be inadequate. Ana-
tomically, both ligaments create an annular formation con-
taining the fibroelastic and fibromuscular tissue surrounding
the LPS muscle near its musculoaponeurotic junction. We
consider that, despite the fact that the dominant origin of
both ligaments is lower, it could be the morphological sub-
stratum of suspension action of the LPS muscle during the
passive lowering of the eyelid with the upward view.

In the Gray’s anatomy, the upper eyelid elevation is to
be checked by the orbital septum 19. In 1910 Whitnall de-
scribed how the superficial part of the levator sheath forms a
conspicuous band above the LPS muscle in a vertical section
through the orbit, just behind the aponeurosis. Moreover, he

recognized a delicate layer of the connective tissue running
over the aponeurosis and posteriorly to the orbital septum.
Fink 3 reported that the fascial sheath of the LPS muscle
continued anteriorly from the WL as a continuous membrane
that could be traced up to the supraorbital rim, where it
blends with the orbital septum.

Conclusion

Our study showed that the superficial layer of the or-
bital septum, 3 to 5 mm above the superior tarsal edge, had
its origin from the LPS fascia, and continued upward as a
deep galeal layer in the frontal region, without connections to
the frontal muscle, and exhibited no blending with the super-
ficial layer of the orbital septum. Behind and above the ori-
gin of the superficial layer of the orbital septum, the aponeu-
rosis of the LPS muscle deep layer of the orbital septum ex-
hibited, the junction to aponeurosis by the connection to an
undefined integrity. We consider that the junction of the or-
bital septum, fascia of the LPS muscle, and the deep fascia of
the orbicularis oculi muscle plays a supporting role for the
periorbital fat, and is placed more medially than laterally in
the upper eyelid 16, 20–22.

In addition, this detailed histological analysis revealed
that the upper eyelid’s crease was formed by the conjoined
fascia containing the fascia of the orbicularis muscle, the su-
perficial layer of the orbital septum, and the aponeurosis of
the LPS muscle, as well as the pretarsal fascia. These find-
ings suggest that in creating the upper eyelid’s crease, the
skin suture should be placed through the aponeurosis and the
superficial layer of the orbital septum, as to protect the integ-
rity of the crease (levator-dermal fixation).
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Abstract

Background/Aim. In order to reduce the risk of cerebro-
vascular insults (CVI), the latest recommendations suggest
that carotid endarterectomy (CEA) is strongly indicated in
patients scheduled for coronary surgery when significant ca-
rotid artery stenosis is symptomatic and/or bilateral. The best
results are obtained in small studies with CEA performed
immediately prior to off-pump coronary bypass (OPCAB).
We present 16 consecutive patients who underwent synchro-
nous CEA and OPCAB under general anesthesia combined
with high thoracic epidural anesthesia (TEA) in order to
evaluate the safety and potential benefits of such anesthetic
management. Methods. A total of 16 consecutive patients
scheduled for simultaneous CEA and OPCAB with no con-
traindication for TEA were enrolled in the study. All the pa-
tients were anesthetized with TEA combined with general
anesthesia. Early extubation was planed in all the patients for
early assessment of neurological outcome. Demographics,
comorbidity, quality of postoperative recovery, duration of
mechanical ventilation, successful early extubation, outcome,
length of Intensive Care Unit (ICU) and hospital stay were

recorded. Results. Only two patients did not fulfill the crite-
ria for early extubation. The average duration of mechanical
ventilation for patients who fulfilled criteria for early extuba-
tion was 87.9 ± 85.0 (0–255) min. Five (31.25%) patients
were extubated in the operating theater at the end of surgery.
There were no deaths, nor neurological complications of
TEA. Seven (43.7%) patients had at least one of the postop-
erative complications considered significant. None of them
had CVI. None of the early extubated patients was reintu-
bated or had postoperative respiratory failure. Conclusion.
Our study revealed that a combination of general anesthesia
with TEA appears to be good choice in synchronous CEA
and OPCAB due to advantages of early extubation and early
neurological assessment. Larger studies are necessary to de-
termine real benefits on both short and long-term outcomes
of such anesthetic management in synchronous CEA and
OPCAB.

Key words:
endarterectomy, carotid; coronary artery bypass;
comorbidity; anesthesia, epidural; postoperative
complications.

Apstrakt

Uvod/Cilj. Najnovije preporuke ukazuju da je kod boles-
nika planiranih za hiruršku revaskularizaciju miokarda koji
imaju zna ajnu bilateralnu i/ili simptomatsku stenozu ka-
rotidnih arterija potrebno uraditi karotidnu endarterekto-
miju (CEA) pre revaskularizacije miokarda. Ovim bi se
moglo posti i sniženje rizika od nastanka perioperativnog
cerebrovaskularnog inzulta (CVI). Najbolji rezultati su po-
stignuti u studijama sa malim brojem bolesnika, kod kojih
je ura ena sinhrona operacija CEA i revaskularizacija mio-
karda bez ekstrakorporalne, cirkulacije, off-pump (OPCAB).

Ovde je prikazana grupa od 16 uzastopnih bolesnika kod
kojih je ura ena sinhrona operacija CEA i OPCAB koji su
bili anestezirani visokom torakalnom epiduralnom aneste-
zijom (TEA), kombinovanom sa opštom anestezijom, sa
ciljem da se ocene efekti ovakvog anesteziološkog pristu-
pa. Metode. Ukupno 16 uzastopnih bolesnika kod kojih je
bila indikovana sinhrona operacija CEA i OPCAB, bez
kontraindikacije za TEA, bili su uklju eni u studiju. Svi
bolesnici anestezirani su kombinovanom TEA i opštom
anestezijom. Rana ekstubacija planirana je kod svih boles-
nika sa ciljem da se rano proceni postoperativna neurološ-
ka funkcija. Kod ispitivanih bolesnika pra eni su slede i
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parametri: demografske karakteristike, komorbiditet, kva-
litet postoperativnog oporavka, dužina mehani ke ventila-
cije, uspešnost rane ekstubacije, ishod, kao i dužina borav-
ka u jedinici intenzivnog le enja i bolnici. Rezultati. Samo
dva bolesnika nisu ispunila kriterijume za ranu ekstubaciju.
Prose no trajanje mehani ke ventilacije rano ekstubiranih
bolesnika bilo je 87,9 ± 85,0 min (0–255 min). Pet
(31,25%) bolesnika ekstubirano je na kraju operacije u
operacionoj sali. Nije bilo smrtnih ishoda. Nije bilo neu-
roloških komplikacija vezanih za TEA. Sedam (43,7%)
bolesnika imalo je bar jednu od postoperativnih komplika-
cija koje su pra ene. Nijedan bolesnik nije imao CVI. Ni-
jedan rano ekstubiran bolesnik nije bio reintubiran, niti

imao respiratornu insuficijenciju. Zaklju ak. Rezultati na-
še studije ukazuju da je kombinacija TEA i opšte anestezije
dobar izbor anestezije za bolesnike sa sinhronom operaci-
jom CEA i OPCAB. Osnovne prednosti su mogu nost ra-
ne ekstubacije i rane procene neurološke funkcije. Potreb-
ne su studije sa ve im brojem bolesnika da bi se pokazale
sve prednosti i uticaj na kratkoro ne i dugoro ne rezultate
sinhrone operacije CEA i OPCAB.

Klju ne re i:
endarterektomija; aa. carotis; aa. coronariae,
premoš avanje; komorbiditet; anestezija, epiduralna;
postoperativne komplikacije.

Introduction

Cerebrovascular insult (CVI) is among grim compli-
cations following cardiac surgery with the overall incidence
of 2% 1. Significant stenosis of the carotid artery has been
recognized as the most powerful predictor of perioperative
stroke after cardiac surgery 2, 3. There is a 14% risk of peri-
operative stroke in patients with severe carotid artery dis-
ease undergoing coronary artery bypass grafting (CABG),
and the stroke rate remains 4% per year for the first 4 years
after coronary revascularization 4, 5. Significant carotid ar-
tery stenosis is present in near 20% of patients scheduled
for CABG 6. The incidence can be even higher in those
having left main coronary artery disease 7. Despite being
significant risk factor for developing perioperative CVI, ca-
rotid artery disease is estimated to be direct cause in only
40% of the cases 1. Also, CEA performed in nonrevascu-
larized patients with severe coronary artery disease has
been shown to be associated with mortality rate as high as
20%; myocardial infarction has been found to be responsi-
ble for 50% to 75% of all late deaths in this patient popula-
tion 3.

Many studies have identified risk factors for stroke
during coronary atery operation, including hypertension, age,
diabetes, carotid bruit, previous transient ischemic attack,
and prior stroke 8, 9. In addition, prolonged cardiophylmonary
bypass (CPB) time also has been reported to be associated
with a higher risk of stroke 8, 10. In addition to CPB time,
also, surgery technique brings some additional risk factors,
and most of them are related to the use of extracorporeal cir-
culation. Of note, CVI may be a consequence of the emboli-
zation due to cardiac or aortic manipulation during the pro-
cedure 11.

Current recommendations for carotid revascularization
in patients undergoing CABG surgery are based on expert
opinion, since there is a lack of strong evidence to guide de-
cision-making 12, 13. The latest recommendations suggest that
CEA should be strongly considered in patients scheduled for
CABG surgery with concomitant significant symptomatic
and/or bilateral carotid artery stenosis 14–16.

Up to now, encouraging results have been shown in
small series of patients, where CEA had been performed
immediately prior to off-pump coronary bypass (OPCAB),

when compared to synchronous CEA with standard CABG
surgery 17. This may be related to the fact that OPCAB by
definition avoids CPB, as one of the most important contrib-
uting factors for stroke 3. However, available data are scarce
on which surgical or anesthetic technique is superior for this
specific patient population at high risk and individual ap-
proach has been strongly suggested.

We presented a series of 16 consecutive patients with
simultaneous CEA and OPCAB, operated on under general
anesthesia combined with high thoracic epidural anesthesia
(TEA). We sought to determine the safety and potential
benefits of such anesthetic management.

Methods

From February 2002 until October 2005, after local
Ethical Committy approval, a total of 16 consecutive patients
scheduled for simultaneous carotid endarterectomy and off-
pump coronary bypass surgery (OPCAB) were included in
the observational study at the Dedinje Cardiovascular Insti-
tute.

All the patients indicated for simultaneous carotid end-
arterectomy and CABG, with no contraindication for TEA
were considered eligible for the study.

All the patients had significant carotid stenosis of more
than, or equal to 70% on preoperative carotid duplex scan-
ning. They were either symptomatic, had bilateral significant
carotid stenosis, or were classified as having an unstable ath-
erosclerotic plaque.

All the patients were anesthetized with high TEA com-
bined with general anesthesia. Early extubation was planed
in all the patients for early assessment of neurological out-
come.

Exclusion criteria for the study were: acute infections,
myocardial infarction within one month before surgery, co-
agulation disorders, and emergency surgery.

Preoperative assessment and medication were standard
for all the patients. Induction of anesthesia was done intrave-
nously, with midazolam (up to 5 mg), bolus doses of propo-
fol, fentanyl and pancuronium.  For the maintenance of ade-
quate depth of general anesthesia sevoflurane was used, to-
gether with intravenous bolus doses of fentanyl and pancuro-
nium.
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Epidural catheter was placed at Th2-Th3 or Th3-Th4
level, 30 min before surgery, or at least 2 h before the first
dose of heparin was used. After the test dose, bolus of bu-
pivacaine with fentanyl in different concentrations (0.125%,
0.25%, or 0.5%) was used followed by continuous infusion
of the same local anesthetic with fentanyl, usually at the
0.125% or 0.25% concentration. The rate of continuous infu-
sion was adjusted accordingly; usually, it was 5–10 mL per
hour during the operation.

Postoperative analgesia was mainly based on continu-
ous epidural infusion of local anesthetic (0.125% bupiva-
caine with fentanyl). According to the study protocol, it was
planned to take out epidural catheter at the end of the second
postoperative day, two hours before the prescribed dose of
the low-molecular weight heparin.

Antithrombotic therapy was stopped before elective
surgery (ticlopidine and clopidogrel 10 days before the op-
eration). Aspirin was not stopped in all patients, and was not
considered as the contraindication for TEA.

Coagulation studies – prothrombin time (PT), partial
thromboplastin time (PTT), international normalized (INR)
and platelet count, were performed in all the patients pre-
operatively. Any detected abnormality was considered as
contraindication for TEA and exclusion criteria for the
study.

Heparin was used in standard intraoperative doses, in-
cluding 50 mg i.v. bolus dose just before carotid artery was
clamped, and was neutralized with protamine after finishing
the last proximal anastomosis.

Demographics, comorbidity, pre- and intraoperative
therapy, operation time, ischemic time and number of grafts
were noted.

Quality of postoperative recovery, duration of mechani-
cal ventilation, as well as successful early extubation, out-
come, length of Intensive Care Unit (ICU) and hospital stay,
were also noted. Any postoperative complication, including
cardiovascular, respiratory, neurological, gastrointestinal, as
well as possible infections, were followed.

Surgery technique

Vascular surgeon performed CEA before sternotomy.
No shunt was used. The neck wound was left open until
heparin was reversed with protamine after CABG. The
wound was closed after CABG and after reversing heparin,
with or without drainage.

Cardiac team performed coronary artery surgery. OP-
CAB was performed through median sternotomy. Different

mechanical stabilizers were used (The Octopus or Starfish).
No intracoronary shunts were used during the procedure.

Results

All except one patient included in this study were man,
61.9 ± 7.3 years of age (range from 50–70 years).

Demographic characteristics of the patients are shown
in Table 1.

Preoperative risk factors for all the patients are shown
in Table 2.

Table 2
Preoperative risk factors of the patients

Risk factors Number of patients (%)
Hypertension 12 (75)
Angina 15 (93.8)
MI 7 (43.8)
Diabetes mellitus 5 (31.3)
Hyperlipidemia 6 (40.0)
Smoking 8 (53.3)
COPD 2 (13.3)
CVI 3 (18.8)
CEA (previous) 4 (24.8)
Preoperatively symptomatic 8 (50.0)

MI – Myocardial infarction; CEA – Carotid endarterectomy; COPD –
chronic obstructive pulmonary disease; CVI – cerbrovascular incident.

Preoperative -blocker therapy was present in 9/16
(56.3%) of patients, while 8/16 (50%) were on ACE-
inhibitors.

Aspirin was not stopped preoperatively in 10/16
(62.5%) of the patients.

Epidural anesthesia was adequate in all the patients.
Local anesthetic in low concentration (0.25% or 0.125% bu-
pivacaine) mixed with fentanyl, either as i.v. bolus and con-
tinuous i.v. infusion was given in 9/16 (56.3%) of the pa-
tients. The rest of the patients, 7/16 (43.7%), were given bu-
pivacaine in higher concentration (0.5% bupivacaine as i.v.
bolus, followed by 0.25% bupivacaine in i.v. continuous in-
fusion). General anesthesia was maintained with sevoflurane
in 15/16 (93.8%) of the patients.

Intraoperative hypotension treated with inotropes or va-
sopressors was present in 4/16 (25%) of the patients. Symp-
tomatic bradycardia was present in 6/16 (37%) of the pa-
tients and was treated either with atropine or ephedrine.

Eversion CEA, which employs a transverse arteriotomy
and reimplantation of the carotid artery, was done in 13/16
(81.3%) of the patients. Left CEA was performed in 12/16

Table 1
Demographic characteristics of the patients

Characteristics of the patients Mean value ± SD Range
Weight (kg) 81.3 ± 14.7 60–106
Height (cm) 171.0 ± 8.3 150–187
BMI (kg/m2) 27.7 ± 4.1 20.8–32.7
EF (%) 43.1 ± 12.0 15–60
Euroscore 5.3 ± 1.8 3–9
NYHA class 2.8 ± 0.6 2–4

BMI – body mass index; EF – ejection fraction;  NYHA – New York Heart Association.
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(75%), and right CEA in 4/16 (25%) of the patients. Myo-
cardial revascularization was done simultaneously in all the
patients. Triple bypass grafts were done most frequently, in
8/16 (50%) patients. Four (25%) patients had two grafts,
while double or single bypass was performed in two (12.5%
each) patients each.

The average duration of the surgery was 204.1 ± 41.4
min (range from 125–300 min).

Only two patients did not fulfill the criteria for early
extubation (within 6 hours from the end of the surgery). One
of them had slow recovery from anesthesia and was extu-
bated 450 min after the end of surgery. The other patient de-
veloped neck hematoma that required reexploration for
bleeding in the first 2 postoperative hours. Although aspirin
was not stopped preoperatively and that could contribute to
hematoma development, surgical bleeding was found and
hemostasis performed. After that he also developed two ma-
jor postoperative complications: myocardial infarction and
low cardiac output. He was mechanically ventilated for 1170
min. In the same patient neurological deficit was noticed af-
ter the extubation: speech deficit and dysphagia as well as
suspected lesion of n. hypoglosus. The patient received anti-
inflammatory and antiedematous therapy and recovered sig-
nificantly in the next few days.

The average duration of mechanical ventilation was
178.1 ± 290.5 min. For the patients that fulfilled criteria for
early extubation, average duration of mechanical ventilation
was 87.9 ± 85.0 minutes (range from 0–255 min). Five
(31.25%) patients were extubated in the operating theater, at
the end of surgery.

There were no deaths. There were no neurological
complications of TEA. Seven (43.7%) of the patients had at
least one of the postoperative complications considered sig-
nificant (Table 3).

Table 3
Incidence of the postoperative complications in the study

group
Complications Number of patients (%)
Agitation 1 (6.3)
Infection* 3 (18.8)
Myocardial infarction 2 (12.5)
Low CO 2 (12.5)
Respiratory failure 1 (6.3)
Neurological deficit 3 (18.8)
Arrhythmias 1 (6.3)
Pneumothorax 1 (6.3)

*Presence of signs of systemic, respiratory and urinary infections

The patient with respiratory failure was reintubated and
mechanically ventilated between the third and sixth postop-
erative day. He had preoperative chronic renal failure and
diabetes mellitus poorly regulated postoperatively, which led
to severe metabolic acidosis and respiratory insufficiency.
This was the patient that had slow postoperative recovery
from anesthesia and late postoperative extubation (after 450
minutes from the end of surgery).

None of the early extubated patients was reintubated or
had postoperative respiratory failure.

The average stay in the ICU was 61.6 ± 43.9 hours
(range 18–168 hours) and length of hospital stay was 10.5 ±
6.3 days (range 7–29 days).

Discussion

Management of patients with severe combined carotid
and coronary artery disease is controversial, thus a balanced
and individualized approach is needed 13.

CEA performed in conjunction with CABG surgery car-
ries increased perioperative risk 18. Although the latest rec-
ommendations suggest that CEA should be strongly consid-
ered in patients scheduled for CABG surgery with concomi-
tant significant symptomatic and/or bilateral carotid artery
stenosis 14–16, these cases are not the most commonly seen in
everyday practice. The most frequent, severe carotid artery
stenosis in this patient population is asymptomatic and uni-
lateral 15, 16. The real clinical challenge is to manage this
combined arterial disease with the lowest possible adverse
outcome rate.

Although carotid stenosis is an important risk factor for
development of perioperative stroke, increasing evidence
suggests that the most common single cause of post-CABG
stroke is embolisation of atherosclerotic material from the
atheromatous aortic arch during surgical manipulation 19. As
a consequence, a number of surgical strategies have been de-
veloped to reduce the risk of macroembolisation during aor-
tic cannulation, cross clamping and finishing proximal anas-
tomoses. OPCAB may avoid many of these perioperative
risks, but these potential benefits have to be balanced with
the possible drawbacks 3, 20, 21.

Available data confirm that the 30-day reported
death/stroke rate is significantly lower when CEA is per-
formed immediately prior to OPCAB surgery (1.0%) 22, 23, as
compared to reported risks for patients undergoing synchro-
nous CEA and CABG (30-day death/stroke 8.7% ). One pos-
sible interpretation may be that the lower stroke risk in pa-
tients undergoing CEA and OPCAB may be attributable to a
minimal manipulation with aorta without cannulation (less
potential for embolisation), rather than to effects of the pro-
phylactic CEA. However, very low procedural risk observed
following synchronous CEA and OPCAB might simply re-
flect small numbers and selective reporting.

Importantly, little data exist on anesthetic techniques
that would be the most beneficial for this high risk and par-
ticular patient population.

The landmark general anesthesia versus local anesthesia
for carotid surgery, (GALA) trial (3,526 patients, enrolled in
95 centers in 24 countries), randomized patients with CEA,
to general anesthesia or local anesthesia 24. This study re-
vealed that the applied anesthetic technique itself was not as-
sociated with a significant difference in the trial endpoint,
which was a composite of perioperative death, myocardial
infarction, and stroke (4.8% for general and 4.5% for local
anesthesia, respectively).

Additionally, a recent large single-center “real-world
experience” trial failed to demonstrate any outcome advan-
tage of local anesthesia 25.
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To our knowledge, there are no studies examining ef-
fects of different anesthetic techniques in simultaneous CEA
and coronary artery surgery, including OPCAB.

Chakravarthy et al. 26, published two case reports of CEA
and OPCAB, performed in regional anesthesia for both CEA
and OPCAB, during the simultaneous procedure. Authors be-
lieve in the advantage of having conscious patients during ca-
rotid surgery, that offers possibility of making rapid diagnosis of
transient cerebral ischemia and avoiding any further damage by
prompt intervention.  At the same time, TEA is an alternate
technique in which the benefits of epidural anesthesia are re-
tained without the adverse effects of general anesthesia 27. Al-
though performed without problems in our series of patients,
this the anesthetic choice may be demanding and not without
limitations. According to available published literature, 16 con-
secutive patients presented in our study are the only group of
patients with simultaneous CEA and OPCAB surgery operated
on under combined general and TEA, in order to achieve early
extubation and early neurological assessment.  Almost 90% of
our patients were, due to anesthetic choice, extubated early,
within two hours from the end of the surgery. Five of them were
fully awake and extubated in the operating theater. None of the
early extubated patients experienced respiratory failure and re-
intubation.

Our group of patients was assessed preoperatively as
the high-risk group (Euroscore for the group was over 5),
with expected mortality rate of more than 10% 28. Also, all
the patients scheduled for simultaneous procedure had sig-
nificant carotid stenosis of more than or equal to 70%. Half
of them had symptoms and the rest bilateral significant ca-
rotid stenosis, or were classified as having an unstable ath-
erosclerotic plaque. It is well known that these patients’
characteristics correlate with bad outcome 1. In spite of these
risks, there were neither deaths nor cerebrovascular insults in
our study. Only two patients were diagnosed myocardial in-
farction, and only one of them was experiencing prolonged
recovery. We believe that these results can be considered as
much better than it was anticipated.

TEA proved to be good choice of anesthesia for this
patient population. The patients were hemodynamically sta-
ble; anesthesia was adequate, early recovery was achieved in
the majority despite of high perioperative risk. There were no
complications related to the anesthesia itself.

Although there was no mortality, seven patients had at
least one of the postoperative complications considered as
significant. This explains rather long ICU and hospital stay
(62 h and nearly 10 days, respectively).

The incidence of postoperative atrial fibrillation in
patients with simultaneous CEA and OPCAB was as high

as 46% in one study 21, while the expected incidence of
this complication after CABG was around 20%. In our
study, only 3 (18.8%) of the patients had postoperative
atrial fibrillation, which is the expected incidence in gen-
eral cardiac surgery population. Nevertheless, this inci-
dence is still higher in comparison with data published in
studies referring to positive effects of TEA in cardiac sur-
gery 1. However, the number of patients in our study is
too small for drawing out any firm and general conclu-
sions regarding the occurrence of postoperative atrial fib-
rillation.

There are several limitations of our study that should
be discussed. This study was observational, with a small
number of included patients. However, these patients were
consecutive and enrollment lasted for 4 years, because the
indication for simultaneous carotid and OPCAB was not
made often. Also, these are the results of only one cardiac
surgery team, which was involved in the OPCAB program.
Secondly, neuroprotective effects of our approach cannot
be assumed, due to a small number of patients and incom-
plete postoperative neurologic evaluation. According to our
study protocol, only obvious, significant neurologic deficits
could be noted. Again, a limited number of patients pre-
vents drawing out more conclusions on the effects of the
surgical technique, as well as the choice of anesthesia on
patient outcome. However, we presumed that combining
two techniques, both in surgery and anesthesia, that have
known advantages in this patient population, may lead to
better outcome for a high-risk group of patients involved in
this study. Lastly, since the patients were followed-up until
the end of their hospital stay, long-term complications and
outcome related to the OPCAB procedure (graft closure,
cerebrovascular incidents, long term mortality) could not
be determined.

Conclusion

Our study revealed that a combination of general an-
esthesia with TEA appears to be good choice for simulta-
neous CEA and OPCAB. This anesthetic approach offers
several advantages, including early extubation and early
neurological assessment, the possibility of early re-
exploration if necessary, but also, hemodynamic stability,
comfort for the patients, and possibility for the implemen-
tation of the fast track protocol. Even in this high-risk
group of patients, the results were encouraging. Larger
studies are necessary to determine real benefits on both
short and long-term outcome of such anesthetic manage-
ment in simultaneous CEA and OPCAB.

R E F E R E N C E S

1. Naylor AR. A critical review of the role of carotid disease and
the outcomes of staged and synchronous carotid surgery. Sem
Cardiothoracic Vasc Anesth 2004; 8(1): 37 42.

2. Ricotta JJ, Faggioli GL, Castilone A, Hasset JM. Risk factors for
stroke after cardiac surgery. Buffalo Cardiac Cerebral Group. J
Vasc Surg 1995; 21(2): 359 63.

3. Meharwal ZS, Mishra A, Trehan N. Safety and efficacy of one
stage off-pump coronary artery operation and carotid endar-
terectomy. Ann Thorac Surg 2002; 73(3): 793 7.

4. Lees CD, Hertzer NR. Postoperative stroke and late neurologic
complications after carotid endarterectomy. Arch Surg 1981;
116(2): 1561 8.



Volumen 70, Broj 12 VOJNOSANITETSKI PREGLED Strana 1137

Neškovi  V, et al. Vojnosanit Pregl 2013; 70(12): 1132–1137.

5. Hertzer NR, Loop FD, Beven EG, O'Hara PJ, Krajewski LP. Sur-
gical staging for simultaneous coronary and carotid disease: a
study including prospective randomization. J Vasc Surg 1989;
9(3): 455 63.

6. Bridgman AH, Kieffer RW, Wilcox RA, McCann RL, Tawil MP, et
al. Asymptomatic carotid stenosis and stroke in patients un-
dergoing cardiopulmonary bypass. J Vasc Surg 1995; 21(1):
146 53.

7. Homick P, Smith PL, Taylor KM. Cerebral complications after
coronary artery bypass grafting. Curr Opin Cardiol 1994; 9(6):
670 9.

8. McKhann GM, Goldsborough MA, Borowicz LM Jr, Mellits ED,
Brookmeyer R, Quaskey SA, et al. Predictors of stroke risk in
coronary artery bypass patients. Ann Thorac Surg 1997; 63(2):
516 21.

9. Mickelborough L, Walker P, Takagi Y, Ohashi M, Ivanov J, Tamariz
M. Risk factors for stroke in patients undergoing coronary ar-
tery bypass grafting. J Thorac Cardiovasc Surg 1996; 112(5):
1250 9.

10. Craver JM, Bufkin BL, Weintraub WS, Guyton RA. Neurologic
events after coronary artery bypass grafting: further observa-
tions with warm cardioplegia. Ann Thorac Surg 1995; 59(6):
1429 34.

11. Wolman RL, Nussmeier NA, Aggarwal A, Kanchuger MS, Roach
GW, Newman MF,et al. Cerebral injury after cardiac surgery:
identification of a group at extraordinary risk. Stroke 1999;
30(3): 514 22.

12. Mortaz HS, Mostafazadeh DB, Sahraian MA. Carotid endarter-
ectomy for carotid stenosis in patients selected for coronary
artery bypass surgery. Cochrane Database Syst Rev 2009; 4:
CD006074.

13. Augoustides JG. Advances in the management of carotid artery
disease: focus on recent evidence and guidelines. J Cardiotho-
rac Vasc Anesth 2012; 26(1): 166 71.

14. Naylor RA. Managing patients with symptomatic coronary and
carotid artery disease. Perspect Vasc Surg Endovasc Ther
2010; 22(2): 70 6.

15. Venkatachalam S, Gray BH, Mukherjee D, Shishehbor MH. Con-
temporary management of concomitant carotid and coronary
artery disease. Heart 2011; 97(3): 175 80.

16. Venkatachalam S, Shishehbor MH. Management of carotid dis-
ease in patients undergoing coronary artery bypass surgery: Is
it time to change our approach. Curr Opin Cardiol 2011; 26(6):
480 7.

17. Fareed KR, Rothwell PM, Mehta Z, Naylor AR. Synchronous ca-
rotid endarterectomy and off-pump coronary bypass: an up-
dated, systematic review of early outcomes. Eur J Vasc Endo-
vasc Surg 2009; 37(4): 375 8.

18. Cywinski JB, Koch CG, Krajewski LP, Smedira N, Li L, Starr NJ.
Increased risk associated with combined carotid endarterec-
tomy and coronary artery bypass graft surgery: a propensity-
matched comparison with isolated coronary artery bypass graft
surgery. J Cardiothorac Vasc Anesth 2006; 20(6): 796 802.

19. Djaiani GN. Aortic Arch Atheroma: Stroke Reduction in Car-
diac Surgical Patients. Sem Cardiothoracic Vasc Anesth 2006;
10(2): 143 57.

20. Lytle BW. On-pump and off-pump coronary bypass surgery.
Circulation 2007; 116(10): 1108 9.

21. Youssuf AM, Karanam R, Prendergast T, Brener B, Hertz S, Saunders
CR, et al. Combined off-pump myocardial revascularization
and carotid endarterectomy: early experience. Ann Thorac
Surg 2001; 72(5): 1542 5.

22. Naylor AR, Cuffe RL, Rothwell PM, Bell PR. A systematic review
of outcomes following staged and synchronous carotid endar-
terectomy and coronary artery bypass. Eur J Vasc Endovasc
Surg 2003; 25(5): 380 9.

23. Naylor R, Cuffe RL, Rothwell PM, Loftus IM, Bell PR. A system-
atic review of outcome following synchronous carotid endar-
terectomy and coronary artery bypass: Influence of surgical
and patient variables. Eur J Vasc Endovasc Surg 2003; 26(3):
230 41.

24. Lewis SC, Warlow CP, Bodenham AR, Colam B, Rothwell PM,
Torgerson D, et al. General anaesthesia versus local anaesthesia
for carotid surgery (GALA): a multicentre, randomised con-
trolled trial. Lancet 2008; 372(9656): 2132 42.

25. Sideso E, Walton J, Handa A. General or local anesthesia for ca-
rotid endarterectomy: the "real-world" experience. Angiology
2011; 62(8): 609 13.

26. Chakravarthy M, Jawali V, Manohar MV, Patil T, Jayaprakash K,
Kalligudd P, et al. Combined carotid endarterectomy and off-
pump coronary artery bypass surgery under thoracic epidural
anesthesia without endotracheal general anesthesia. J Cardio-
thorac Vasc Anesth 2006; 20(6): 850 2.

27. Chakravarthy M, Jawali V, Patil TA, Jayaprakash K, Shivananda
NV. High thoracic epidural anesthesia as the sole anesthetic
for performing multiple grafts in off-pump coronary artery
bypass surgery. J Cardiothorac Vasc Anesth 2003; 17(2):
160 4.

28. Nashef SA, Roques F, Michael P, Gauduchaeau E, Lemeshow S,
Salamon R. The EuroSCORE study group. European system
for cardiac operative risk evaluation (EuroSCORE). Eur J
Cardiothorac Surg 1999; 16(1): 9 13.

Received on September 3, 2012.
Revised on October 21, 2012.

Accepted on November 7, 2012.



Strana 1138 VOJNOSANITETSKI PREGLED Vojnosanit Pregl 2013; 70(12): 1138–1144.

Correspondence to: Žana Stankovi  Clinic for Psychiatry, Clinical Centre of Serbia, 11000 Belgrade, Serbia. Phone: +381 11 2683 093.
E-mail: stankovic.zana@gmail.com

G E N E R A L  R E V I E W UDC: 613.86:616.379-008.64
DOI: 10.2298/VSP1312138S

Psychological problems in patients with type 2 diabetes – Clinical
considerations

Psihološki problemi bolesnika sa dijabetesom tipa 2 – klini ka razmatranja

Žana Stankovi *, Miroslava Jašovi -Gaši †, Dušica Le i -Toševski†‡

*Clinic for Psychiatry, Clinical Centre of Serbia, Belgrade, Serbia; †Faculty of Medicine,
University of Belgrade, Belgrade, Serbia; ‡Institute of Mental Health, Belgrade, Serbia

Key words:
diabetes mellitus, type 2; comorbitidy; mental health;
mental disorders; quality of life; therapeutics.

Klju ne re i:
dijabetes melitus, insulin-nezavisni; komorbiditet;
mentalno zdravlje; psihi ki poreme aji; kvalitet života;
le enje.

Introduction

Diabetes mellitus is a major health and social problem.
The prevalence of diabetes for all age groups worldwide was
estimated to be 2.8% in 2000 and 4.4% in 2030 1. Type 2
diabetes mellitus (DMT2) (adult-onset diabetes) is the most
common form of this disease, which is present in 90–95% of
patients 2. In Serbia, the prevalence of DMT2 in the year
2000 was 4.5%, both in men and women 3. Diabetes has
negative impact on physical, psychological and social func-
tioning 4. DMT2 is a disease related to stress and stressful
life events which may have an important role in its patho-
genesis, course and outcome.

The interactions between behaviour, central nervous
and endocrine systems that might cause immunosuppression
is the most fascinating finding in modern medicine, and its
implications are important for the prevention and treatment
of somatic illnesses 5. The patophysiological mechanisms
related to the role of stressful life events on the emergence of
DMT2 include hypothalamic arousal syndrome, with parallel
activation of the hypothalamic-pituitary-adrenal axis (HPA)
and the central sympathetic nervous system, leading to de-
velopment of endocrine abnormalities, insulin resistance, and
DMT2 6.

DMT2 is a chronic, self-managed disease that signifi-
cantly affects the lives of patients and their families. Ac-
cording to the biopsychosocial model originally proposed by
Engel 7, the mind and body are two important systems that
are interconnected. The model offers additional insights into
how chronic illnesses such as diabetes can affect daily life.
This model makes a distinction between pathological proc-
esses that cause disease, which includes the individual’s per-

ception of his or her health and its subsequent impact on
health. Stress and coping with diabetes can affect the severity
of disease directly, through pathophysiological processes or
indirectly, through patients’ own perception of illness by
deteriorating adherence to therapy and daily functioning.

The results of numerous studies indicated the presence
of difficulties of many patients with diabetes living with their
disease 8–10, such as the threat of serious complications (renal
disease, amputation, blindness) and the potential for reduced
life expectancy 11. The constant stress of maintaining tight
glycemic control can result in two types of psychological
distress: subclinical emotional distress and diagnosable psy-
chological disorders 10.

Comorbid mental disorders in patients with type
2 diabetes

According to the results of a number of studies, anxious
disorders and depression are the most frequent psychiatric
comorbid conditions in DMT2 patients 12, 13. People with
diabetes of any type have a 20% higher prevalence of life-
time diagnosis of anxiety than those without it 14. General-
ized anxiety disorder (GAD) appears to be the most common
anxiety disorder in this patients' population, with prevalence
rate ranging from 13% to 14% 15. Panic disorder (PD), post-
traumatic stress disorder (PTSD) and social phobia are also
more frequent in patients with DMT2 than in general popu-
lation.

Depression occurs two to three times more frequently in
DMT2 patients in relation to the general population 16. De-
pression is also more common in patients with undiag-
nosed 17 and newly diagnosed DMT2 18. The relationship
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between DMT2 and depression appears to be bidirectional in
terms of causes, influences and treatment outcomes 19.
Comorbidity of these two conditions is associated with sub-
optimal adherence to pharmacological therapy and dietary
regimen, resulting in unfavorable clinical outcome 20, 21. An-
tidepressant treatment of comorbid depression in DMT2 pa-
tients is associated with reduction of depressive symptoms
and improvement of quality of life. However, results refer-
ring to the effect of antidepressant treatment on improvement
of glycemic control are inconsistent 22–24.

Diabetes is clearly associated with impaired health-
related quality of life, in comparison with the population
without diabetes, independently of psychological factors and
presence of somatic comorbid diseases 25, which was shown
in many studies 13,  26– 28. In one of our studies, the severity of
self-rated depressive symptoms in patients with DMT2 sig-
nificantly inversely correlated with both social adjustment
and quality of life 29.

Along with anxious disorders and depression, various
other psychiatric disorders are present among DMT2 pa-
tients: adjustment disorder 30, substance and/or alcohol use
disorders 31, 32, bipolar I disorder 33 and schizophrenia 34.
DMT2 also increases the risk of developing dementia,
mostly Alzheimer's disease and vascular dementia 35.

Diabetes-related distress

Diabetes-related distress (DD), a measure of health-
related quality of life, includes negative emotional reactions
to the diagnosis, threat of complications, self-management
demands (testing and monitoring blood glucose level, com-
pliance with dietary regimen and engaging in regular physi-
cal activity), treatment and social support. The results of a
large cross-national DAWN study (The Diabetes Attitudes,
Wishes, and Needs Study), examining the experiences of pa-
tients and health professionals in dealing with diabetes, have
shown that DD was frequently present and interfered with
their self-management efforts 36, 37. The majority of patients
(85.2%) reported feelings of shock, guilt, anger, anxiety, de-
pression and helplessness at the time of diagnosis. The dis-
tress remained common in the long period of time after diag-
nosis (15 years in average) 36. Of particular clinical impor-
tance are adaptation problems associated with repeated hy-
poglycaemic episodes and the implementation of insulin
therapy.

Although emotional problems related to diabetes in
majority of patients are not severe enough to fulfil criteria for
mental disorders, they are associated with worsening of
quality of life and self-management of disease 38. DD may
differ by country and ethnicity due to cultural influences and
health care system factors.

Clinical, behavioural and biological correlates of
diabetes–related distress

DD was found to be an important contributor both to
poor metabolic control and suboptimal adherence to treat-
ment. One of important barrier to optimal adherence in

DMT2 patients is the presence of multiple somatic comorbid
illnesses, each having its own set of guidelines. That could
further complicate adherence to treatment and self-
management of the disease 39, 40.

Several cross-sectional studies have shown that DD is
associated with glycemic control 41–45, obesity, depressive
symptoms, and quality of life 43. The psychosocial factors di-
rectly influenced diabetes self-care habits 42 and women re-
ported significantly higher DD 44. According to the results of
prospective studies, DD predicted glycemic control 46, 47, in-
directly through self-efficacy 47. Reduction of the intensity of
DD, not a change in depressive symptoms, was associated
with improvement of glycemic control 48–50. A diabetes self-
management education intervention has proven successful in
patients of different ethnic origin 49. Fisher et al. 51 have
shown that DD was significantly associated with glycemic
control and physical activity and that both DD and severity
of depression were significantly and independently associ-
ated with diet and adherence to medication.

There are several studies that clearly showed an asso-
ciation between DD and type of antidiabetic therapy. The
patients treated with insulin experienced higher DD in com-
parison with those who were treated with oral hypoglicemic
therapy or diet 52. A negative appraisal of insulin therapy was
significantly associated with higher level of DD, higher se-
verity of depression and low education 53, 54.

Hypoglycemia is often associated with unpleasant
symptoms, such as tremors, profuse sweating, cognitive dys-
function, and irritability. Risk factors for the emergence of
hypoglycemia would be the following: a history of hypogly-
cemia length of time since the first insulin treatment and a
higher level of variability in blood glucose level. Severe hy-
poglicemic reactions can lead to unconsciousness, coma and
death. Patients may manifest subclinical symptoms of anxi-
ety related to hypoglycemia that may also adversely affect
diabetes self-management. A fear of hypoglicemia is linked
to both state and trait anxiety, although this relationship is
complex 55.

“Psychological insulin resistance” (PIR) (patients' re-
luctance to both initiate and intensify insulin therapy) repre-
sents a complex of beliefs about the meaning of insulin ther-
apy, poor self-efficacy concerning the skills needed for this,
a lack of accurate information, the fear of unwanted effects
and complications from insulin use, as well as lifestyle ad-
aptations, restrictions required by insulin use and social
stigma 56, 57. Worry about efficacy was the factor most
strongly correlated with delay of insulin therapy 54, and self-
blame has been identified as the attitude most predictive of
patients' unwillingness to begin insulin therapy 58. PIR is the
most frequent among females and ethnic minorities 59. Ap-
proximately 9% of diabetic patients on insulin treatment re-
ported anxiety symptoms related to self-injecting 60.

Psychological factors and psychiatric disorders
associated with diabetes–related distress

The results of 18-months study showed that risk factors
for subsequent DD over time were female gender, previously
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having major depression, experiencing more negative events
or more chronic stress, having more complications, poor diet
and low exercise. Negative life events increased the negative
effects of both poor glycemic control and complications on
the emergence of distress over time 61.

Personal characteristics of patients with DMT2, such as
coping style and temperament could also significantly impact
the intensity of DD. Poor coping with anger may cause
poorer glycemic control by provoking greater DD 62. A clear
majority of patients with diabetes of different nationalities
and cultural characteristics reported to accept their dis-
ease 63, 64. Denial and/or mental disengagement and resigna-
tion were present only in a small minority of patients. In a
Norwegian survey 40% of the respondents reported that they
often blamed themselves. Self-blame correlated significantly
with both active and passive coping styles 63. The most fre-
quently used coping strategies in Turkish patients were ac-
ceptance, religion, planning, positive reframing, instrumental
support, emotional support, self-distraction and venting. The
effect of certain coping strategies on patient's level of anxiety
may be indicative of cultural differences in how patients
from various cultures distract or vent their DD 64. A recent
study 65 showed a greater variance in emotional distress ac-
counted for by coping styles, and perceived support than by
clinical factors.

There are few studies of temperament and metabolic
control in patients with DMT2. Patients with excessive de-
pressive and anxious temperaments had worse psychological
adjustment to diabetes, more depressive symptoms and
worse metabolic control. Only depressive temperament was
independently associated with metabolic control 66. These
findings may indicate that healthcare providers should pay
more attention to non-clinical factors such as personality
traits, coping styles and social support, when addressing DD.

A number of studies have shown an association be-
tween DD and depression 67. Diabetes-specific emotional
problems were most common in patients with a comorbid
depressive disorder 68. DD was shown to be significantly re-
lated to the severity of depressive symptoms, independent of
physical complications and glycemic control 69. DD, severity
of baseline depression and a degree to which depression dis-
rupted patients' quality of life were shown to be independent
predictors of 1-year depression outcomes 70. DD was associ-
ated with higher levels of depression and poor emotional
well-being 71 and mediated the relation between depression
and glycemic control 72, 73. Our recent cross-sectional study 74

indicated that the level of DD was significantly higher in pa-
tients with a comorbid major depression in comparison to
those without, as well as that DD, extra-disease stressful life
events and polineuropathy were significant predictors of de-
pression.

Incomplete therapeutic adherence, reduced self-
efficacy, negative attitudes toward treatment (introduction of
insulin treatment) are the components of DD that can result
in poor glycemic control. The influence of sociodemographic
factors (gender, education level, socio-economic status, cul-
tural environment) as well as psychological characteristics of
individuals and the presence of symptoms of depression were

significantly associated with DD and glycemic control. Bet-
ter glycemic control can be achieved by appropriate inter-
ventions (person-centred, i.e. adjusted to the personal and
social characteristics of the patients) to overcome DD. It is
obvious that the course and outcome of the illness depend
not only on the application of optimal hypoglycemic therapy,
but also on the timely detection of DD, and the implementa-
tion of interventions aimed at changing attitudes and behav-
ior of patients and alleviating fears associated with the illness
and its treatment.

Recognition of diabetes-related distress

Peyrot et al. 37 have shown that most health providers of
the countries studied are aware of the level of patient's dis-
tress secondary to diabetes. In spite of this general aware-
ness, many providers had a lack of confidence in their ability
to identify and evaluate psychological problems and to pro-
vide support for their patients. Thus, these factors remain
considerable barriers to managing negative emotions more
effectively and improving quality of life in this population of
patients. Recognition of DD and application of effective
strategies to reduce its intensity, even if diabetes self-care is
adequate might be a key health care intervention in patients
with diabetes.

Discussion about distress may be the most effective
clinical approach and the first step in detection of psycho-
logical problems related to diabetes. Many diabetic patients
hesitate to talk to their physician about emotional distress
and prefer to report medical symptoms and complaints.
Some patients spontaneously express their DD, often in
terms of demoralization about their ability to manage their
diabetes and an unwillingness or inability to engage in active
self-management despite recognition of the need for
change 75. The next step in identifying patients with DD
would be asking questions about specific sources and inten-
sity of the distress (having trouble accepting diabetes, feeling
overwhelmed or burned out by the demands of diabetes
management, getting support from family and worry about
getting complications).

The ability of depression screening measures to identify
DD is modest 76. The Problem Areas in Diabetes (PAID)
questionnaire 39, that takes less than 5 minutes, could be use-
ful. Shorter versions of the PAID, PAID-5 and PAID-1 (only
one question referring to worrying about the future and seri-
ous complications), appear to be psychometrically robust
measures of DD 77.

Recognition of DD and mental disorders associated
with diabetes is very important for primary care physicians,
who participate in the implementation of prevention and
treatment of DMT2 as well as other chronic somatic dis-
eases 36. Since detection of patients with severe mental dis-
orders by primary care physicians is better than detection of
subthreshold symptoms, mild form of anxiety and other fac-
tors making distress related to disease 78, it is necessary to
provide special training for primary care physicians by men-
tal health care specialists, which would significantly advance
this important area of clinical practice. Introduction of clini-



Volumen 70, Broj 12 VOJNOSANITETSKI PREGLED Strana 1141

Stankovi  Ž, et al. Vojnosanit Pregl 2013; 70(12): 1138–1144.

cal guidelines for screening and application of necessary in-
terventions for alleviation of emotional reactions and im-
provement of health behavior and compliance with treatment
would be very useful. Education should be held continu-
ously, in other to provide the newest methods and results in
that field of clinical practice.

The symptoms of several psychiatric conditions such as
adjustment disorder, depression and anxiety disorders could
overlap with emotional and behavioural problems that make
DD. Distinguishing DD from these mental disorders is im-
portant due to necessity to implement appropriate interven-
tions that would be more efficient than treatment specifically
directed at clinical depression and other mental disorders 79.

Depression is related to, but distinct from, diabetes dis-
tress. There has been considerable confusion among major
depressive disorder (MDD), diabetes distress, and depressive
symptoms. The physical symptoms associated with diabetes
could also complicate distress assessment because they may
be mistaken for symptoms of MDD 80, 81. It is important to
know that the connection between chronic illness and de-
pressive symptoms diminishes with age, as does the associa-
tion between functional disability and depressive symptoms.
Expectations of functioning in important roles appear crucial
for explaining the link between disease and significant emo-
tional distress.

Interventions to reduce the intensity of
diabetes-related distress

The intensity of DD can vary considerably over time,
depending on diabetes status, and should be regularly evalu-
ated as part of a comprehensive diabetes care. Because of the
bidirectional relationship between distress and diabetes man-
agement, interventions that focus on addressing both DD and
diabetes management are likely to have maximal effects.

Initiating discussion about DD by health provider could
act positively on patients. Even brief conversations that ad-
dress feelings and link them to difficulties with self-
management could normalize emotional reactions related to
disease. The patient's verbalization and expression of emo-
tional experiences of having diabetes can be therapeutic. Be-
cause of the reciprocal influences between emotional distress
and diabetes self management, integrative approach (psy-
chological treatment and changes in health behaviour) that
target both of these problems are likely to have stronger ef-
fects on diabetes health outcome than those that focus on ei-
ther in isolation 81. It includes participation of nurses, nutri-
tionists, health psychologists and psychiatrists. Taking into
account that patients on insulin therapy represent group with
more severe form of DMT2 requiring more demanding self-
management, interventions leading to both reduction of dis-
tress and better health behaviour would be of particular im-
portance.

A recent randomized study of the new developed pro-
gram for the initiation of intensive insulin therapy in DMT2
patients (MEDIAS 2 ICT: More Diabetes Self-management
for Type 2 Diabetes – Intensive Conventional Insulin Ther-
apy) conducted as group sessions in comparison with an es-

tablished education program (a combination of two older
education programs regarding initiating mealtime insulin and
treating hypertension) as an active comparator condition,
has shown that this program was as effective in lowering
HbA1c as the control education program, but superior in re-
ducing DD. A key element of that program is shared deci-
sion-making between patients and diabetes educators refer-
ring to realistic treatment goals. The patients discuss individ-
ual problems and barriers to achieving the treatment goals
and methods to overcome the barriers as well as attitudes and
personal perceptions about certain aspects of diabetes treat-
ment. An important issue of that program is social support
with an active participation of family members, partners or
friends of patients with diabetes 82.

Ethnic minorities with low socio-economic status are
the group of patients with risk for unfavourable diabetes out-
come. The treatment adapted to educational level and social
characteristics of the patients appear to be successful. A pilot
study 83 demonstrated that literacy-adapted, intensive, prob-
lem-solving-based diabetes self-management training was ef-
fective for key clinical and behavioural outcomes in a sample
of patients with lower income.

In a review by Plack et al. 84 summarizing the effects of
interventions on metabolic control and other medical vari-
ables, as well as diabetes self-management and psychological
outcomes it was concluded that behavioral interventions are
effective in diabetes treatment, especially in patients with a
high level of DD, difficulty in coping, or insufficient blood
glucose awareness.

Novel approaches to the emotional and self-
management problems related to diabetes are clearly needed
for the far larger population of patients struggling with dis-
ease-related distress.

Patients who experience long-standing and profound
diabetes distress and those who have any mental disorder
may require a referral for specialized care. Efficient consul-
tation-liaison services (with psychiatrists and psychologists
who are integrated into the multidisciplinary diabetes care
team) and education of endocrinologists in recognition of
diabetes distress as well as psychiatric disorders associated
with diabetes would be necessary for the implementation of
integrative treatment of these patients.

To our mind, the main limitations of previous studies
on disease related distress in DMT2 patients would be meth-
odological problems related to the proper diagnosis of
comorbid depression and its differentiation from the disease
related distress. It is therefore necessary to use structured di-
agnostic interviews for mental disorders, because it has been
shown 38 that a considerable number of DMT2 patients had
high levels of depressive symptoms on self-report measures
and were not clinically depressed when structured interviews
were used. In addition, more prospective studies on the rela-
tionship between personal characteristics, distress and de-
pression, as well as the impact of distress on clinical and
metabolic parameters of the disease would be of special
clinical significance. Taking into account the increasing
number of DMT2 patients, further studies on the impact of
sociodemographic and clinical factors on the effectiveness of
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different interventions to reduce DD are needed, as well as
the application of new developed programs and integrated,
multidisciplinary care.

Conclusion

Distress related to disease, a non-psychiatric, subclini-
cal emotional distress is present in many patients with
DMT2. Diabetes-specific distress corresponds to a complex
set of repetitive thoughts regarding feeling of being over-
whelmed by diabetes, worries about access to care, concerns
about diet, physical activity, medications, and not receiving
understanding and appropriate support from others. Distress
secondary to diabetes is a significant contributor to unfa-
vourable disease course and outcome due to its relationship
to both poor metabolic control, suboptimal adherence to
treatment and impairment of quality of life. High level of
diabetes distress is related to a negative appraisal of insulin
therapy and patients' reluctance to both initiate and intensify
treatment with insulin (“psychological insulin resistance“).
Personal characteristics of patients with diabetes, such as
coping style and temperament could also contribute to the
intensity of disease distress.

Recognition of distress related to disease and applica-
tion of effective strategies to reduce its intensity is a key
health care intervention in patients with diabetes. Special
training is needed for primary care physicians in mental
health issues in order to acquire necessary knowledge and
skills in identifying diabetes distress and implement inter-
ventions for its alleviation.

Interventions that aim to alleviate psychological prob-
lems in patients with diabetes, even those that may not meet
diagnostic thresholds, have the potential to not only improve
mental health and quality of life of patients, but may also
have important impact on treatment outcome. In order to
achieve maximal efficacy of these interventions, a compre-
hensive approach is necessary, that integrates the treatment
aimed at reducing fears related to the illness, decreasing so-
cial stigma, improving health behavior and compliance with
dietary regimen. The development of efficient consultation-
liaison services and person-centred medicine in general hos-
pitals with providing education about the psychological as-
pects of diabetes would allow an effective collaboration be-
tween endocrinologists and mental health care professionals
which would lead to the improvement of both the patient's
psychological functioning and disease outcome.

R E F E R E N C E S

1. Wild D, von Maltzahn R, Brohan E, Christensen T, Clauson P,  Gonder-
Frederick L. A critical review of the literature on fear of hypo-
glycemia in diabetes: Implications for diabetes management
and patient education. Patient Educ Couns 2007; 68(1): 10 5.

2. American Diabetes Association: American Diabetes Associa-
tion Complete Guide to Diabetes. Alexandria, Va: American
Diabetes Association; 1999.

3. Atanackovi -Markovi  Z, Bjegovi  J, Jankovi  S, Kocev N, Laaser U,
Marinkovi  J. The Burden of Disease and Injury in Serbia. Ser-
bian Burden of Disease Study. Belgrade: Ministry of Health of
the Republic Serbia; 2003.

4. Koopmanschap M. CODE-2 Advisory Board. Coping with Type
II diabetes: the patient’s perspective. Diabetologia 2002; 45(7):
S18–22.

5. Lecic Tosevski D, Pejovic Milovancevic M. Stressful life events and
physical health. Curr Opin Psychiatry 2006; 19(2): 184–9.

6. Björntorp P, Holm G, Rosmond R. Hypothalamic arousal, insulin
resistance and Type 2 diabetes mellitus. Diabet Med 1999;
16(5): 373–83.

7. Engel GL. The need for a new medical model: a challenge for
biomedicine. Science 1977; 196(4286): 129–36.

8. Polonsky WH, Welch G. Listening to our patients’ concerns: un-
derstanding and addressing diabetes-specific emotional dis-
tress. Diabetes Spectrum 1996; 9(1): 8–11.

9. Black SA, Ray LA, Markides KS. The prevalence and health
burden of self-reported diabetes in older Mexican Americans:
findings from the Hispanic established populations for epide-
miologic studies of the elderly. Am J Public Health 1999;
89(4): 546–52.

10. Rubin RR, Payrot M. Psychological Issues and Treatments for
People with Diabetes. J Clin Psychol 2001; 57(4): 457 78.

11. American Diabetes Association. Diabetes 1996 vital statistics. Al-
exandria, VA: American Diabetes Association, 1996.

12. Almawi W, Tamim H, Al-Sayed N, Arekat MR, Al-Khateeb GM,
Baqer A, et al. Association of comorbid depression, anxiety,
and stress disorders with Type 2 diabetes in Bahrain, a country

with a very high prevalence of Type 2 diabetes. J Endocrinol
Invest 2008; 31(11): 1020–4.

13. Das-Munshi J, Stewart R, Ismail K, Bebbington PE, Jenkins R, Prince
MJ. Diabetes, common mental disorders, and disability: find-
ings from the UK National Psychiatric Morbidity Survey.
Psychosom Med 2007; 69(6): 543–50.

14. Li C, Barker L, Ford ES, Zhang X, Strine TW, Mokdad  AH.
Diabetes and anxiety in US adults: Findings from the 2006 be-
havioral risk factor surveillance system. Diabet Med 2008;
25(7): 878–81.

15. Grigsby AB, Anderson RJ, Freedland KE, Clouse RE, Lustman PJ.
Prevalence of anxiety in adults with diabetes: A systematic re-
view. J Psychosom Res 2002; 53(6): 1053–60.

16. Anderson RJ, Freedland KE, Clouse RE, Lustman PJ. The prevalence
of comorbid depression in adults with diabetes: a meta-analysis.
Diabetes Care 2001; 24(6): 1069–78.

17. Gale CR, Kivimaki M, Lawlor DA, Carroll D, Phillips AC, Batty
GD. Fasting glucose, diagnosis of type 2 diabetes, and depression:
the Vietnam experience study. Biol Psychiatry 2010; 67(2): 189–
92.

18. Perveen S, Otho MS, Siddiqi MN, Hatcher J, Rafique G. Association
of depression with newly diagnosed type 2 diabetes among adults
aged between 25 to 60 years in Karachi, Pakistan. Diabetol Metab
Syndr 2010; 2(1): 17.

19. Mezuk B, Eaton WW, Albrecht S, Golden SH. Depression and
type 2 diabetes over the lifespan: a meta-analysis. Diabetes
Care 2008; 31(12): 2383–90.   

20. Ciechanowski PS, Katon WJ, Russo JE. Depression and diabetes:
impact of depressive symptoms on adherence, function, and
costs. Arch Intern Med 2000; 160(21): 3278–85.

21. Katon WJ. The comorbidity of diabetes mellitus and depres-
sion. Am J Med 2008; 121(11): 8–15.

22. Lustman PJ, Williams MM, Sayuk GS, Nix BD, Clouse RE. Fac-
tors influencing glycemic control in type 2 diabetes during
acute- and maintenance-phase treatment of major depressive
disorder with bupropion. Diabetes Care 2007; 30(3): 459–66.



Volumen 70, Broj 12 VOJNOSANITETSKI PREGLED Strana 1143

Stankovi  Ž, et al. Vojnosanit Pregl 2013; 70(12): 1138–1144.

23. Abrahamian H, Hofmann P, Prager R, Toplak H. Diabetes melli-
tus and co-morbid depression: treatment with milnacipran re-
sults in significant improvement of both diseases (results from
the Austrian MDDM study group). Neuropsychiatr Dis Treat
2009; 5: 261–6.

24. Georgiades A, Zucker N, Friedman KE, Mosunic CJ, Applegate K,
Lane JD, et al. Changes in depressive symptoms and glycemic
control in diabetes mellitus. Psychosom Med 2007; 69(3): 235–
41.

25. Choi YJ, Lee MS, An SY, Kim TH, Han SJ, Kim HJ, et al. The
Relationship between Diabetes Mellitus and Health-Related
Quality of Life in Korean Adults: The Fourth Korea National
Health and Nutrition Examination Survey (2007-2009). Dia-
betes Metab J 2011; 35(6): 587–94.

26. Aikens JE, Perkins DW, Piette JD, Lipton B. Association between
depression and concurrent Type 2 diabetes outcomes varies by
diabetes regimen. Diabet Med 2008; 25(11): 1324–9.

27. Egede LE, Ellis C. The effects of depression on metabolic control
and quality of life in indigent patients with type 2 diabetes.
Diabetes Technol Ther 2010; 12(4): 257–62.

28. Stankovi  Ž. Psycho-social, clinical and neurobiological corre-
lates of depresion in patients with type 2 diabetes [disserta-
tion]. Belgrade: Faculty of Medicine, University of Belgrade;
2011. (Serbian).

29. Stankovi  Ž, Nikoli -Balkoski G, Leposavi  Lj, Popovi  Lj. Percep-
tion of quality of life and social adjustment of patients with re-
current depression. Srp Arh Celok Lek 2006; 134 (9 10): 369–
74. (Serbian)

30. Dalvi M, Feher M, Caglar E, Catalan J. Liaison psychiatrist in a
specialist diabetes centre. The Psychiatrist 2008; 32: 461–3.             

31. Banerjea R, Sambamoorthi U, Smelson D, Pogach, L. Expenditures
in mental illness and substance use disorders among veteran
clinic users with diabetes. J Behav Health Serv Res 2008; 35(3):
290–303.

32. Prisciandaro JJ, Gebregziabher M, Grubaugh AL, Gilbert GE,
Echols C, Egede LE. Impact of psychiatric comorbidity on
mortality in veterans with type 2 diabetes. Diabetes Technol
Ther 2011; 13(1): 73–8.

33. Regenold WT, Thapar RK, Marano C, Gavirneni S, Kondapavuluru
PV. Increased prevalence of type 2 diabetes mellitus among
psychiatric inpatients with bipolar I affective and schizoaffec-
tive disorders independent of psychotropic drug use. J Affect
Disord 2002; 70(1):19–26.

34. Lin PI, Shuldiner AR. Rethinking the genetic basis for comor-
bidity of schizophrenia and type 2 diabetes. Schizophr Res
2010; 123(2 3): 234–43.

35. Luchsinger JA. Type 2 diabetes, related conditions, in relation
and dementia: an opportunity for prevention? J Alzheimers
Dis 2010; 20(3): 723–36.

36. Skovlund SE, Peyrot M.. The Diabetes Attitudes, Wishes, and
Needs (DAWN) program: a new approach to improving out-
comes of diabetes care. Diabetes Spectrum 2005; 18(3): 136–
42.

37. Peyrot M, Rubin RR, Lauritzen T, Snoek FJ, Matthews DR, Skov-
lund SE. Psychosocial problems and barriers to improved dia-
betes management: results of the cross-national Diabetes At-
titudes, Wishes, and Needs study. Diabet Med 2005; 22(10):
1379–85.

38. Fisher L, Skaff MM, Mullan JT, Arean P, Mohr D, Masharani U,
et al. Clinical Depression Versus Distress Among Patients
With Type 2 Diabetes: Not just a question of semantics. Dia-
betes Care 2007; 30(3): 542–8.

39. Polonsky WH, Anderson BJ, Lohler PA, Welch G, Jacobson AM,
Aponte JE, et al. Assessment of diabetes related distress. Dia-
betes Care 1995; 18(6):754–60.

40. Gary TL, Crum RM, Cooper-Patrick L, Ford D, Brancati FL. De-
pressive symptoms and metabolic control in African Ameri-
cans with type 2 diabetes. Diabetes Care 2000; 23(1): 23–9.

41. Polonsky WH, Anderson BJ, Lohrer PA, Aponte JE, Jacobson AM,
Cole CF. Insulin omission in women with IDDM. Diabetes
Care 1994; 17(10): 1178–85.

42. Ogbera A, Adeyemi-Doro A. Emotional distress is associated
with poor self care in type 2 diabetes mellitus. J Diabetes 2011;
3(4): 348–52.

43. Ting RZ, Nan H, Yu MV, Kong AP, Ma RC, Wong RY, et al.
Diabetes-Related Distress and Physical and Psychological
Health in Chinese Type 2 Diabetic Patients. Diabetes Care
2011; 34(5):1094–6.

44. Graue M, Haugstvedt A, Wentzel-Larsen T, Iversen MM, Karlsen B,
Rokne B. Diabetes-related emotional distress in adults: Reli-
ability and validity of the Norwegian versions of the Problem
Areas in Diabetes Scale (PAID) and the Diabetes Distress
Scale (DDS). Int J Nurs Stud 2012; 49(2):174–8.

45. Shakibazadeh E, Rashidian A, Larijani B, Shojaeezadeh D.
Psychometric Properties of the Iranian Version of Resources
and Support for Chronic Illness Self-management Scale in Pa-
tients with Type 2 Diabetes. Int J Prev Med 2012; 3(2): 84–90.

46. Nozaki T, Morita C, Matsubayashi S, Ishido K, Yokoyama H, Kawai
K, et al. Relation between psychosocial variables and the gly-
cemic control of patients with type 2 diabetes: a cross-sectional
and prospective study. Biopsychosoc Med 2009; 3: 4.

47. Nakahara R, Yoshiuchi K, Kumano H, Hara Y, Suematsu H, Kuboki
T. Prospective study on influence of psychosocial factor on
glycemic control in Japanese patients with type 2 diabetes.
Psychosomatics 2006; 47(3): 240–6.

48. Zagarins SE, Allen NA, Garb JL, Welch G. Improvement in gly-
cemic control following a diabetes education intervention is
associated with change in diabetes distress but not change in
depressive symptoms. J Behav Med 2012; 35(3):299–304.

49. Leyva B, Zagarins SE, Allen NA, Welch G. The relative impact
of diabetes distress vs. depression on glycemic control in His-
panic patients following a diabetes self-management education
intervention. Ethn Dis 2011; 21(3): 322–7.

50. Fisher L, Mullan JT, Arean P, Glasgow RE, Hessler D, Masharani
U. Diabetes distress but not clinical depression or depressive
symptoms is associated with glycemic control in both cross-
sectional and longitudinal analyses. Diabetes Care 2010; 33(1):
23–8.

51. Fisher L, Glasgow RE, Strycker LA. The relationship between
diabetes distress and clinical depression with glycemic control
among patients with type 2 diabetes. Diabetes Care 2010;
33(5):1034–6.

52. Delahanty LM, Grant RW, Wittenberg E, Bosch JL, Wexler DJ, Ca-
gliero E, et al. Association of diabetes-related emotional distress
with diabetes treatment in primary care patients with Type 2
diabetes. Diabet Med 2007; 24(1): 48–54.

53. Makine C, Kar ida  C, Kadio lu P, Ilkova H, Kar ida  K, Skovlund
S, et al. Symptoms of depression and diabetes-specific emo-
tional distress are associated with a negative appraisal of insu-
lin therapy in insulin-naïve patients with Type 2 diabetes mel-
litus. A study from the European Depression in Diabetes
[EDID] Research Consortium. Diabet Med 2009; 26(1): 28–
33.

54. Peyrot M, Rubin RR, Lauritzen T, Skovlund SE, Snoek FJ, Mat-
thews DR, et al. Resistance to insulin therapy among patients
and providers: results of the cross-national Diabetes Attitudes,
Wishes, and Needs (DAWN) study. Diabetes Care 2005;
28(11): 2673–9.

55. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of
diabetes: estimates for the year 2000 and projections for 2030.
Diabetes Care 2004; 27(5): 1047–53.

56. Polonsky WH, Fisher L, Guzman S, Villa-Caballero L, Edelman
SV. Psychological insulin resistance in patients with type 2
diabetes: the scope of the problem. Diabetes Care 2005;
28(10): 2543–5.



Strana 1144 VOJNOSANITETSKI PREGLED Volumen 70, Broj 12

Stankovi  Ž, et al. Vojnosanit Pregl 2013; 70(12): 1138–1144.

57. Brod M, Kongsø JH, Lessard S, Christensen TL. Psychological in-
sulin resistance: patient beliefs and implications for diabetes
management. Qual Life Res 2009;18(1): 23–32.

58. Peyrot M, Rubin RR, Siminerio LM. Physician and nurse use of
psychosocial strategies in diabetes care: results of the cross-
national Diabetes Attitudes, Wishes and Needs (DAWN)
study. Diabetes Care 2006; 29(6):1256–62.

59. Nam S, Chesla C, Stotts NA, Kroon L, Janson SL. Factors associ-
ated with psychological insulin resistance in individual with
type 2 diabetes. Diabetes Care 2010; 33(8):1747–9.

60. Mollema ED, Snoek FJ, Ader HJ, Heine RJ, van der Ploeg HM. Insulin-
treated diabetes patients with fear of self-injecting or fear of
self-testing: Psychological comorbidity and general well-being.
J Psychosom Res 2001; 51(5): 665–72.

61. Fisher L, Mullan JT, Skaff MM, Glasgow RE, Arean P, Hessler D.
Predicting diabetes distress in patients with Type 2 diabetes: a
longitudinal study. Diabet Med 2009; 26(6): 622–7.

62. Yi JP, Yi JC, Vitaliano PP, Weinge K. How Does Anger Coping
Style Affect Glycemic Control in Diabetes Patients? Int J Behav
Med 2008; 15(3): 167–72.

63. Karlsen B, Bru E. Coping styles among adults with type 1 and type
2 diabetes. Psychol Health Med 2002; 7(3): 245–59.

64. Tuncay T, Musabak I, Gok DE, Kutlu M. The relationship be-
tween anxiety, coping strategies and characteristics of patients
with diabetes. Health Qual Life Outcomes 2008; 6: 79.

65. Karlsen B, Oftedal B, Bru E. The relationship between clinical
indicators, coping styles, perceived support and diabetes-
related distress among adults with type 2 diabetes J Adv Nurs
2012; 68(2): 391 401.

66. Gois C, Barbosa A, Ferro A, Santos AL, Sousa F, Akiskal H, et al.
The role of affective temperaments in metabolic control in pa-
tients with type 2 diabetes. J Affect Disord 2011; 134(1 3):
52–8.

67. Stankovi  Ž, Jašovi -Gaši  M. Comorbidity of depression and
type 2 diabetes–risk factors and clinical significance. Vojno-
sanit Pregl 2010; 67(6): 493–500. (Serbian)

68. Kokoszka A, Pouwer F, Jodko A, Radzio R, Mu ko P, Bie kowska
J, et al. Serious diabetes-specific emotional problems in pa-
tients with type 2 diabetes who have different levels of comor-
bid depression: a Polish study from the European Depression
in Diabetes (EDID) Research Consortium. Eur Psychiatry
2009; 24(7): 425–30.

69. Hosoya T, Matsushima M, Nukariya K, Utsunomiya K. The rela-
tionship between the severity of depressive symptoms and
diabetes-related emotional distress in patients with type 2 dia-
betes. Intern Med 2012; 51(3): 263–9.

70. Pibernik-Okanovic M, Begic D, Peros K, Szabo S, Metelko Z. Psy-
chosocial factors contributing to persistent depressive symp-
toms in type 2 diabetic patients: a Croatian survey from the
European Depression in Diabetes Research Consortium. J
Diabetes Complications 2008; 22(4): 246–53.

71. Huis In 't Veld EM, Makine C, Nouwen A, Kar da  C, Kad o lu P,
Kar da  K, et al. Validation of the Turkish version of the

problem areas in diabetes scale. Cardiovasc Psychiatry Neurol
2011; 2011: 315068.

72. van Bastelaar KM, Pouwer F, Geelhoed-Duijvestijn PH, Tack CJ,
Bazelmans E, Beekman AT, et al. Diabetes-specific emotional
distress mediates the association between depressive symp-
toms and glycaemic control in Type 1 and Type 2 diabetes.
Diabet Med 2010; 27(7): 798–803.

73. Welch G, Zagarins SE, Feinberg RG, Garb JL. Motivational inter-
viewing delivered by diabetes educators: Does it improve
blood glucose control among poorly controlled type 2 diabetes
patients. Diabetes Res Clin Pract 2011; 91(1): 54–60.

74. Stankovi  Ž, Jašovi -Gaši  M, Zamaklar M. Psycho-social and
clinical variables associated with depression in patients with
type 2 diabetes. Psychiatr Danub 2011; 23(1): 34–44.

75. Peyrot M, Rubin RR. Behavioral and Psychosocial Interventions
in Diabetes: A conceptual review. Diabetes Care 2007; 30(10):
2433–40.

76. Hermanns N, Kulzer B, Krichbaum M, Kubiak T, Haak T. How to
screen for depression and emotional problems in patients with
diabetes: comparison of screening characteristics of depression
questionnaires, measurement of diabetes-specific emotional
problems and standard clinical assessment. Diabetologia 2006;
49(3): 469–77.

77. McGuire BE, Morrison TG, Hermanns N, Skovlund S, Eldrup E,
Gagliardino J, et al. Short-form measures of diabetes-related
emotional distress: the Problem Areas in Diabetes Scale
(PAID)-5 and PAID-1. Diabetologia 2010; 53(1): 66–9.   

78. Borowsky SJ, Rubenstein LV, Meredith LS, Camp P, Jackson- Triche
M, Wells K. Who is at Risk of Nondetection of Mental Health
Problems in Primary Care? J Gen Intern Med 2000; 15(6):
381–8.

79. Casey P, Bailey S. Adjustment disorders: the start of the art.
World Psychiatry 2011; 10(1): 11–8.

80. Fisher L, Glasgow RE, Mullan JT, Skaff MM, Polonsky WH. De-
velopment of a Brief Diabetes Distress Screening Instrument.
Ann Fam Med 2008; 6(3): 246–52.

81. Gonzalez JS, Fisher L, Polonsky WH. Depression in diabetes:
have we been missing something important? Diabetes Care
2011; 34(1): 236–9.

82. Hermanns N, Kulzer B, Maier B, Mahr M, Haak T. The effect of
an education programme (MEDIAS 2 ICT) involving intensive
insulin treatment for people with type 2 diabetes. Patient Educ
Couns 2012; 86(2): 226–32.

83. Hill-Briggs F, Lazo M, Peyrot M, Doswell A, Chang YT, Hill MN,
et al. Effect of problem-solving-based diabetes self-
management training on diabetes control in a low income pa-
tient sample. J Gen Intern Med 2011; 26(9): 972–8.

84. Plack K, Herpertz S, Petrak F. Behavioral medicine interventions
in diabetes. Curr Opin Psychiatry 2010; 23(2): 131–8.

Received on April 18, 2012.
Revised on August 2, 2012.

Accepted on August 6, 2012.



Vojnosanit Pregl 2013; 70(12): 1145–1150. VOJNOSANITETSKI PREGLED Strana 1145

Correspondence to: Ljiljana Gojkovi  Bukarica, Institute of Pharmacology, Clinical Pharmacology and Toxicology, Faculty of Medicine,
P.O. Box 38, University of Belgrade, 11 129 Belgrade, Serbia. Phone: +381 11 3643 395; Fax: +381 11 3643 397.
E-mail: l.g.bukarica@sezampro.rs

C U R R E N T  T O P I C UDC: 615.322: 615.035:615.22
DOI: 10.2298/VSP120613012G

Cardiovascular effects of resveratrol
Kardiovaskularni efekti rezveratrola

Ljiljana Gojkovi  Bukarica*, Dragana Proti *, Vladimir Kanjuh†, Helmut
Heinle‡, Radmila Novakovi *, Radisav Š epanovi §

*Institute of Pharmacology, Clinical Pharmacology and Toxicology, Faculty of
Medicine, University of Belgrade, Belgrade, Serbia; †Serbian Academy of Sciences and

Arts, Belgrade, Serbia; ‡Institute of Physiology, University of Tuebingen, Germany;
§Clinical Hospital Center “Dr Dragiša Mišovi ”, Belgrade, Serbia

Key words:
phytotherapy; stilbenes; risk assesment; cardiovascular
diseases; diet.

Klju ne re i:
fitoterapija; stilbeni; rizik, procena; kardiovaskularne
bolesti; ishrana.

Introduction

Resveratrol, trans-3, 5, 4’-trihydroxy stilbene is a natu-
rally occurring phytoalexin present in many different types
of nutrients which we consume on daily basis. Resveratrol
was first isolated from dried roots of Polygonum cuspidatum,
as the principal active ingredient. Polygonum cuspidatum
and its extract have been used in Japanese and Chinese tradi-
tional medicine for treatment of various skin inflammations,
cardiovascular and liver diseases, and fungal infections 1, 2.

There are two isoforms of resveratrol: cis- and trans–
resveratrol. Trans–resveratrol is biologically active isoform.
The main source of resveratrol is grape skin. Also, resvera-
trol is present in fruits such as cranberry, lingonberry, bil-
berry, mulberry, deer berry, blueberry, sparkleberry, par-
tridgeberry, jackfruit, and in a peanut orchid tree, scots pine,
corn lily, white hellebore, eucalyptus, spruce etc. (Table
1) 3, 4. Resveratrol has anti-cancer and anti-inflammatory ef-
fects and beneficial cardiovascular effects 4. There were
around 800 published articles about biological properties of
resveratrol and its health benefits, from 1940 until 2005.
From 2005 until nowadays, there are more than 4,000 new
studies with resveratrol on cells, isolated animal organs,
animals and humans.

It is well known that resveratrol has beneficial effects
on the cardiovascular system. It plays the most important
role in the epidemiological phenomenon called “French
paradox” (existence of cardiovascular risk factors with low
incidence/mortality rates which may attribute to moderate
consumption of red wine) 12, 13. The following will describe

the most important effects of resveratrol on the cardiovascu-
lar system.

Table 1
The amount of resveratrol found in natural food

Source Amount of
resveratrol

Bilberries ~0.65 μg/g 5

Blueberries ~0.32 ng/g 6
Dry grape skin ~24.06 μg/g 7
Grapes 0.16–3.54 μg/g 8
Peanuts 0.02–1.92 μg/g 9
Pistachios 0.09–1.67 μg/g 10

Red wines 01–14.3 mg/L 11

Bioavailability of resveratrol

After oral administration, resveratrol absorbs rapidly
(75%) by transepithelial diffusion. It is detected in a 15-min
post-administration and reaches peak concentrations after 30
min. Values returned to baseline within 4 h 14. Previously, we
showed that different bile acids micellar solutions improved
resveratrol solubilization 15. The metabolism of resveratrol is
extensive in the intestine and liver. Because of intense me-
tabolism, an oral bioavailability of resveratrol is less than
1%. The major active metabolites of resveratrol are glucuro-
nides (trans-resveratrol-3-O-glucuronide) and sulfates (trans-
resveratrol-3-sulfate). Also, colonic bacterial metabolism
plays an important role in resveratrol metabolism 16. Me-
tabolites of resveratrol are eliminated by kidneys.
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How much?

The best source of resveratrol is considered to be red
wine and it is generally believed that resveratrol is respon-
sible for cardioprotective effects related to red wine con-
sumptionn 11, 17. Approximately 300 mL of red wine for
man and up to 200 mL for women is the average recom-
mended dose (equate to a dose of 15 mg and 10 mg of res-
veratrol, repectively). It is well known that resveratrol pro-
duces beneficial effects to human health in a dose-
dependent manner, by diverse mechanisms. Data about
dose-dependency of resveratrol in the cardiovascular sys-
tem are shown in Table 2 4.

Resveratrol-induced vasorelaxation

Resveratrol relaxes isolated human internal mammary
artery, rat aorta and mesenteric artery (Figure 1) 25–27. Also,
there are evidences that resveratrol relaxes mesenteric and
uterine arteries of guinea pig and porcine coronary and reti-
nal artery 28–30. Rakici et al. 31 have described that resveratrol

effects vascular tone and endothelial function of the human
saphenous vein and internal mammary artery. In addition,
resveratrol significantly improves vascular response in
streptozotocin-induced diabetic rats 32.

Mechanism of vasodilatation by resveratrol is not well
defined. Resveratrol induces endothelium-dependent and en-

dothelium-independent vasorelaxation. Endothelium-depen-
dent mechanisms of relaxation by resveratrol include stimu-
lation of endothelial nitric oxide (NO) production by SIRT1-
dependent endothelial NO synthase (eNOS) upregulation and
SIRT1-dependent eNOS deacetylation. Estrogen receptor
(Er )-dependent, ERK1/2-mediated eNOS phosphorylation
is stimulated by resveratrol 33. Resveratrol lowers superox-
ide-mediated NO inactivation by different mechanisms. It
decreases expression and activity of vascular nicotinamide
adenine dinucleotide phosphate (NADPH) oxidases (NOX)
and stimulates expression of superoxide dismutases (SOD),
catalase and glutathione peroxidases 34. Thus, oral treatment
with resveratrol results in endothelium-dependent relaxation.

In the clinical study (double-blind, randomized cross-over
study) which included 19 obese men and post-menopausal
women with untreated borderline hypertension, acute con-
sumption of resveratrol (30, 90 or 270 mg) increases res-
veratrol concentration in plasma and flow-mediated dilation
of the brachial artery 35. According to this, it seems that res-
veratrol improves endothelial (dys)function.

The endothelium-independent relaxation is probably
mediated by different ion channels in the membrane of vas-
cular smooth muscle cells, including big Ca2+-activated K+

(BKCa)-channels or voltage-gated calcium channels 36. Also,
there are evidences that margatoxin-sensitive smooth muscle
voltage-sensitive K+ (Kv) channels play important role in va-

Fig. 1 – Endothelium-independent relaxation of rat mesenteric artery induced by resveratrol precontracted by
phenylephrine (PE, 1 M).

 Endothelium was removed mechanically by rubbing with a steel wire. Cumulative concentrations of resveratrol were added to the organ-bath (from 0.3 to 100 M).

Table 2
Effects of different doses of resveratrol on the cardiovascular system

Doses Effects on cardiovascular system
50 nM Induces eNOS activity and activates ERK 18

0.15/0.25 μM Inhibits platelet activation 19

10 μM Improves cardiac functions after ischemia/reperfusion injury 20

Protects the heart from ischemia/reperfusion related injury by making the
heart pharmacologically preconditioned 20

25 μM Exerts lesser degree of cardioprotection 20

2.5 mg/kg bw Alleviates cardiac dysfunction in streptozotocin-induced diabetes  21

2.5–5 mg/kg Improves post ischemic cardiac functions 3
Reduces myocardial infarction, cardiomyocytes apoptosis 22

22.4 mg/kg Extands the life span, in case of high-calorie diets induce mice, by overex-
pressing sirtuin 1 (SIRT1) 23

50–100 μM Inhibition of metabolic activity and cell proliferation 24

1–100  μM Vasodilatation 25

eNOS – endothelial nitric oxide synthase; ERK – extracellular signal regulated kinase.
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sorelaxation induced by resveratrol (Figure 2) 25–27. All stud-
ies suggest tissue and species selectivity for resveratrol.

Fig. 2 – The role of potassium channels in vasore-
laxation induced by resveratrol.

Resveratrol activates potassium (K+) channels in vascular smooth muscle cells
and induces hyperpolarisation. The change in voltage of membrane of smooth
muscle cells leads to inactivation of sodium (Na+) and calcium (Ca2+) channels

and induces vasorelaxation.

The effects of resveratrol on vascular inflammation

It is well-known that resveratrol has anti-inflammatory
effect. The major molecular target for the anti-inflammatory
effects of resveratrol in the vasculature is nuclear factor
kappa-beta (NF- ß). Resveratrol inhibits NF- ß and there are
several mechanisms which are involved in this inhibition.
The inhibitory effect of resveratrol on NF- ß may be medi-
ated by SIRT1 37. Also, resveratrol inhibits reactive oxygen
species (ROS)-mediated NF- ß activation by reducing H2O2

levels. Resveratrol inhibits activation of  I ß kinases (IKK).
IKK kinases are upstream kinases known to activate NF- ß.
Those results were obtained in experimental study in skin
tumor models 38. Also, the transcription of NF- ß is blocked
by resveratrol 38, 39.

Antiplatelet effects of resveratrol

Resveratrol has antiplatelet effects. This effect of res-
veratrol has been shown on isolated platelets from healthy
subjects 40. There is experimental study which described
that resveratrol has prophylactic effects on portal vein
thrombosis in the rat. According to this study, foods con-
taining resveratrol can be advised to minimize portal vein
thrombosis, at least among patients undergoing liver trans-
plantation and displaying certain cardiovascular disease
risk factors 41. The mechanism of antiplatelet effect of res-
veratrol is not completely clear. Resveratrol enhances en-
dothelial NO production, NO could diffuse into platelets
and inhibits platelet aggregation by activation of guanylyl
cyclase and production of cyclic guanosine monophosphate
(cGMP). It was described in the isolated human platelets.

The level of cGMP was increased in endothelium-
independent manner 40. There are assumptions that res-
veratrol enhanced platelet NO production and improved
NO bioactivity due to the reduction of oxidative stress.
Also, resveratrol is a potent inhibitor of cyclooxygenase 1
(COX-1). The inhibition of COX-1 is irreversible and non-
competitive 42. On the other hand, Kundu et al. 38 2006 de-
scribed that resveratrol inhibited both COX-1 and COX-2.
There are some evidences that resveratrol inhibited throm-
boxane synthesis by inhibition of a pathway involving p38
mitogen-activated protein (MAP) kinase 19.

Resveratrol and atherosclerosis

In an experimental study, which included rabbits on
the hypercholesterolemic diet, resveratrol had significant
anti-atherogenetic effects 43. The effect of resveratrol sup-
plements, with regard to the modulation of lipid profiles,
cholesterol synthesis and anti-atherogenesis, were exam-
ined in apo E-deficient (apoE(-/-)) mice fed a normal diet.
The concentration of total cholesterol (total C) and low-
density lipoprotein cholesterol (LDL-C) in plasma was sig-
nificantly lower in the resveratrol-supplemented groups
compared to the control group of mice 44. The effect of res-
veratrol on intimal hyperplasia after endothelial denudation
was examined in experimental rabbits. The results of this
examination suggest that this polyphenol might have clini-
cal potential in prevention and treatment of restenosis after
angioplasty 45. Also, this compound may inhibit lipid per-
oxidation by scavenging free radicals. The mechanism
which is, also, involved in anti-atherogenetic effect of res-
veratrol is inhibition of vascular inflammation (described
above). Resveratrol inhibits proliferation and migration of
the vascular smooth muscle cell. There is evidence that
resveratrol blocks oxidized LDL-induced proliferation of
smooth muscle cell. Actually, resveratrol inhibits the
mammalian target of rapamycin (mTOR) mitogenic sig-
naling pathway 46. According to this, it is obvious that all
the described mechanisms might be involved in an anti-
atherogenetic effect of resveratrol.

Resveratrol and diabetes

In animal studies, resveratrol decreases blood glucose
and protects pancreatic ß cells from oxidative damage 47. It
binds to sulfonylurea receptor and block pancreatic adeno-
sine-5'-triphosphate (ATP)-sensitive K+ channels. Also, res-
veratrol displaced binding of glibenclamide, the drug which
blocks ATP-sensitive K+ channels in ß cells 48. Resveratrol
stimulated secretion of insulin in ß cell insulinoma lines 49. In
the presence of resveratrol, the amplifying pathway of insu-
lin secretion, independent of the closure of ATP-sensitive K+

channels in ß cells, was reported 50.
In development of type 2 diabetes, the most critical

factor is insulin resistance. It is well known that SIRT1 has
involved in the processes of glucose metabolism and insulin
secretion. Increased expression of SIRT1 improves insulin
sensitivity. Resveratrol is potent activator of SIRT1. Also, it
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attenuates high fat diet-induced insulin resistance in vivo, in
dose of 2.5 mg/kg/day 51.

The effect of resveratrol on energy metabolism and
metabolic profile was investigated in randomized double-
blind, crossover study which included 11 healthy, obese men
treated with placebo or with resveratrol 150 mg/day for 30
days. The conclusion of this study was that resveratrol in-
duced metabolic changes in the obese humans, mimicking
the effects of calorie restriction. Resveratrol decreases intra-
hepatic lipid content, circulating glucose, triglycerides and
inflammation markers 52.

Resveratrol and oxidative stress

The direct antioxidant effect of resveratrol is not
prominent. Well established antioxidants, such as ascorbate
and cysteine are more potent than resveratrol 53. Resveratrol
has been shown to be a scavenger of hydroxyl, superoxide,
metal-induced radicals and H2O2. In cardiovascular tissues,
resveratrol induces antioxidant enzymes. The molecular
mechanisms of induction of antioxidant enzymes by res-
veratrol are not completely understood. Studies have demon-
strated that SIRT1 and the nuclear factor E2-related factor-2
(Nrf2) play crucial roles in this process. Resveratrol induced
SOD2 upregulation in cultured human coronary arterial en-
dothelial cells. Such upregulation can be blocked by small
interfering RNA (siRNA)-mediated knockdown of SIRT1.
An overexpression of SIRT1 leads to SOD2 upregulation.
Nrf2 is transcription factor involved in the regulation of a
number of ROS detoxifying enzymes. In Nrf2-dependent
manner, in cultured endothelial cell, resveratrol induced
NAD(P)H: quinine oxidoreductases (NQO1), heme oxygen-
ase-1 (HO-1) and c-glutamylcysteine synthetase (GCLC).
The listed enzymes are rate-limited  for glutathione synthe-
sis. Also, resveratrol inhibits ROS production 54. Treatment
with resveratrol reduces the expression of NOS in the heart
of hypercholesteroemic mouse, as well as mono-nitrogen
oxides in the aorta of trauma hemorrhagic rats 55, 56. The ac-
tivity of the NADPH oxidase enzyme complex is reduced by
resveratrol 57.

Resveratrol and heart

According to numerous animal studies, proposed anti-
ischemic mechanisms of resveratrol include: coronary vaso-
dilatation, inhibition of atheroma formation, metabolic pro-
tection and less ischemic-reperfusion injury. In addition, res-
veratrol (5 μM/L) inhibited growth of cardiac fibroblasts
stimulated by angiotensin II, epidermal growth factor and
transforming growth factor , which are essential in cardiac
fibrosis and heart failure 12. Zheng et al. 13 demonstrated an-
tiarrhythmic effect of resveratrol. In the papillary muscles of
guinea pig heart, resveratrol shortened duration of action
potential and decreased velocity of phase 0 depolarization.
Also, it inhibited delayed after depolarization and triggered
activity. These effects were due to a decrease of calcium in-
flux and intracellular calcium concentration.

Conclusion

Cardioprotection includes all the described effects of
resveratrol. The most important evidence for cardioprotec-
tion rendered by resveratrol comes from in vivo studies car-
ried out on animal models of chronic heart disease that re-
sulted in heart dysfunction. Those include hypertension, obe-
sity, metabolic syndrome, type I diabetes, type II diabetes,
viral cardiomiopathy, toxin cardiomiopathy and aging.

According to the presented results, the cardioprotective
effect of resveratrol is obvious. It is complex and not well
defined. It is necessary to emphasize that all positive effects
of resveratrol were demonstrated mainly in in vitro studies
and in studies with experimental animals, while quality clini-
cal studies are lacking.

Further clinical studies are necessary in order to define
pharmacokinetics, efficacy, adequate therapeutic doses, toler-
ability and possible interactions of resveratrol with other drugs.
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Abstract

Introduction. Sometimes it is not easy to clinically recognize
subtle differences between intraocular lymphoma and non-
infectious uveitis. The most common lymphoma subtype in-
volving the eye is B-cell lymphoma. Case report. We pre-
sented two patients aged 59 and 58 years with infiltration of
the subretinal space with a large B-cell non-Hodgkin intra-
ocular lymphoma. The patients originally had clinically
masked syndrome in the form of intermediate uveitis. As it
was a corticosteroid-resistant uveitis, we focused on the pos-
sible diagnosis of neoplastic causes of this syndrome. During
hospitalization, the neurological symptoms emerged and
multiple subretinal changes accompanied by yellowish white
patches of retinal pigment epithelium with signs of vitritis,
which made us suspect the intraocular lymphoma. Endocra-
nial magnetic resonance imaging established tumorous infil-
tration in the region of the left hemisphere of the cerebellum.
The histopathological finding confirmed the diagnosis of
large B-cell non-Hodgkin lymphoma of risk moderate degree,
immunoblast – centroblast cytological type. The other patient
had clinical chronic uveitis accompanied by yellowish shaped
white echographic changes of the retina and localized changes
in the level of the subretina. The diagnosis of lymphoma was
made by brain biopsy. Conclusion. Uveitis masquerade syn-
drome should be considered in all patients over 40 years with
idiopathic steroid-resistant uveitis. Treatment begun on time
can affect the course and improve the prognosis of uveitis
masquerade syndrome (UMS) and systemic disease.

Key words:
eye neoplasms; lymphoma, non-hodgkin; uveitis;
diagnosis, differential.

Apstrakt

Uvod. Ponekad je teško ustanoviti suptilnu razlika izme u
intraokularnog limfoma i neinfektivnog uveitisa. Naj eš i
podtip intraokularnog limfoma je B- elijski limfom. Prikaz
bolesnika. Prikazali smo dva bolesnika, starosti 59 i 58 go-
dina, sa infiltracijom subretinalnog prostora velikim B-
elijama non-Hodgkin itraokularnog limfoma. Prvi bolesnik

prvobitno je imao klini ku sliku maskiranog sindoma u vidu
intermedijalnog uveitisa. Kako se radilo o kortikosteroid-
rezistentnom uveitisu, usredsredili smo se na mogu u dijag-
nozu neoplasti nog uzroka ovog maskiranog sindroma. U
toku hospitalizacije na neurologiji pojavili su se subretinalni
eksudati pra eni žu kastobeli astim promenama retinalnog
pigmentnog epitela i znacima vitritisa koji su nas naveli na
sumnju na intraokularni limfom. Magnetna rezonanca (MR)
endokranijuma potvdila je infiltraciju leve hemisfere cere-
beluma. Patohistološki nalaz operisanog tumora cerebeluma
potvrdio je dijagnozu non-Hodgkin limfoma velikih B- elija,
umerenog stepena rizika, imunoblast-centroblastom citološ-
kog tipa. Drugi bolesnika imao je klini ku sliku hroni nog
zadnjeg uveitisa sa žu kasto beli astim promenama retine i
ehografski lokalizovanim promenama u nivou subretine.
Dijagnoza limfoma postavljena je biopsijom mozga. Zak-
lju ak. Uveitis maskirani sindom (UMS) treba razmotriti
kod svih bolesnika starijih od 40 godina sa idiopatskim kor-
tikosteroid-rezistentnim uveitisom. Le enje zapo eto na
vreme može uticati na tok i poboljšati prognozu UMS i sis-
temske bolesti.

Klju ne re i:
oko, neoplazme; limfom, nehodžkinov; uveitis;
dijagnoza, diferencijalna.
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Introduction

Uveitis masquerade syndromes (UMSs) are a group of
non-inflammatory ocular diseases of benign or malign ori-
gin 1, 2. A neoplastic lesion causes intraocular cellular infil-
tration and mimics intraocular inflammation, simulating im-
mune mediated uveitis, poorly or not at all responsive to
corticosteroid treatmant. Because UMSs are not only sight-
threatening but in case of malign UMSs also a life-
threatening disease,  prompt and correct diagnosis and treat-
ment is very important 3.

The World Health Organization (WHO) / Revised
European-American Classification of Lymphoid Neoplasms
(REAL) immunophenotypic classification identifies 3 types
of lymphomas: B-cell neoplasms, T-cell and natural killer
(NK) cell neoplasms and Hodgkin's disease 4.

Intraocular lymphoma can be further classified either as
primary B-cell lymphoma of the retina and central nervous
system (CNS) or as extranodal lymphoma of the uvea, or as a
secondary B-cell lymphoma that represents uveal manifesta-
tion of systemic lymphoma. The most common lymphoma
subtype involving the eye is B-cell lymphoma 4. Suspicion is
needed if symptoms are uniteral or occurs in very young
children or in the elderly.

Primary intraocular lymphoma (PIOL) is, in fact, a
subtype of primary central nervous system lymphoma
(PCNSL) and non-Hodgkin's lymphoma (NHL). Neuraxis
consists of not only the brain and spinal cord, but also the
neurosensory retina. PCNSL is most commonly a B-cell tu-
mor, though T-cell PCNSL has been described 4. As an NHL
B-cell disease, PCNLS is most frequently a subtype of dif-
fuse large B-cell lymphoma (DLBCL).

There are 3 major subtypes of DLBCL: activated B-cell
DLBCL (ABC DLBCL), germinal center B-cell (GCB
DLBCL), and primary mediastinal (thymic large) B-cell
DLBCL (PMB DLBCL) also known as type 3, based on
gene signature profiling 5.

Ocular disease is bilateral in 50% of patients with
PIOL 6. Differential diagnosis include various diseases,
such as sarcoidasis, tuberculosis, syphilis, toxophamosis,
toxocardiasis, idiopathic vasculitis and scleritis, primary
ocular – CNS non Hodgkins lymphoma, large B cell lym-
phoma, etc.

This small, retrospective observation case study reports
the clinical presentation and pathophysiologic correlation in
2 patients over 50 years of age with masquerade syndrome.
Informed consent was obtained from each patient.

Comprehensive clinical ophthalmic examination using
ultrasound and fluorescein angiography diagnostics was per-
formed in both patients, who were further evaluated with
computed topography (CT) and magnetic resonance imaging
(MRI). All imaging modalities were conducted according to
the standard protocol 7. The diagnosis of intraocular lym-
phoma was based on the histopathology pattern on biopsy
spacemen 8.

Case report 1

The first patient, a 59-year-old man, presented with an
11-month history of intraocular inflammation like uveitis,
anterior and posterior. He had no ophthalmological disease
in the past. The first ophthalmological manifestations were in
the form of unilateral anterior and then posterior uveitis fol-
lowed changes developed later in the same sense and on the
other eye. The front uveitis was a small whitish precipitate of
the endothel without plastic reactions in the sense of creating
synechia. Posterior uveitis was in the form of vitritis with
creamy white lesions in the level of the retina and retinal
pigment epithelium (RPE) lesion boundary (Figure 1a).

The findings of ultrasound a month after showed lifting
of the retinas in both eyes with masses in the subretinal space
(Figures 1b and c).

Visual acuity and field of vision were changed. Initially
the patient only slightly reacted to the corticosteroid therapy.
After a year from the first appearance of symptoms of uveitis
the patient developed neurological manifestations of the dis-
ease but still the CT finding was negative.

The third attempt with MRI detected tumor in the left
hemisphere of the cerebellum.  Pathohistological findings
showed a diffuse large B-cell non-Hodgkin lymphoma of a
moderate degree risk, immunoblast-centroblast cytological
type. A diffuse large cell tumor consisted of large oval or ir-
regular cell nuclei, with a large nucleolus and a lower num-
ber of smaller, medium or heavy amphophil basophil cyto-
plasm, with a rare presence of apoptosis, with a tangible
body macrophage histiocytoma and numerous mitoses (Fig-
ure 1d).

 a) b) c) d)
Fig. 1 – A patient with primary intraocular lymphoma showing creamy white lesions at the level of the retina and retinal

pigment epithelium lesion boundary.
a) Fotofundus; b, c) Ultrasound – lifting of the retinas in both eyes with masses in the subretinal space; d) Non-Hodgkin lymphoma in the

brain – B-cell, large cell diffusum (immunoblast-centroblast cytological type)
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He was afebrile and his routine blood test was normal
except low total red blood cell count (RBC), hemoglobin
(Hgb), mean platelet volume (MPV) and relative volume of
thrombocytes (Pct) were on little level. The patient did not
allow biopsy of the retina.

Localization of the tumor was in the brain and subreti-
nal space, actually in the immune privileged sites.

Case report 2

The second patient was a 58-year-old woman with ante-
rior and posterior uveitis for several months. She showed no
satisfactory respond to the treatment with corticosteroids. In
fact, the therapy with corticosteroids had led to an incom-
plete reabsorption flare and precipitate in the front segment,
with signs of vitritis in the back. The last segment was visi-
ble and the ultrasound findings showed an improvement. The
posterior uveitis was manifested in the form of creamy, yel-
low white to orange subretinal pigment epithel (RPE) infil-
trates, which also disappeared as a result of the treatment
with corticosteroids, but the last segment as a whole was
changed (Figure 2a).

Ultrasound suggested that intraocular lymphoma still
responded to corticosteroid therapy. The fluorescein angiog-
raphy in the intraocular lymphoma had a characteristic ap-
pearance. RPE disturbances included granularity, mottling,
and late staining patterns. Fluorescence blockage at the level
of the RPE, due to tumor infiltration could correspond to the
deep retinal or subretinal creamy colored lesions noted on
fundus photography. Visual acuity and visual field testing,
were both reduced significantly. Intraocular (IOP) was 14
mm Hg. A routine blood test was normal except for Hgb.
MR images demonstrated enhancement in the left temporal
lobe. The diagnosis of lymphoma was made by brain biopsy.
Histopathological finding was diffuse large B-cell non-
Hodgkin lymphoma (Figures 2 b, c and d).

Discussion

Primary intraocular lymphoma is the most common
manifestation of masked uveitis syndromes 9. It is typically
presented as posterior uveitis with cellular exudation in the
vitreous fluid 10. Imaging of the eye is the first step in evalu-
ating the diagnosis with suspicion of PIOL. The role of an

ophthalmologist is particularly important. Imaging of the
central nervous system should be included. Imaging modali-
ties are: full field fundus photography, ultrasound, fluores-
cein angiography, indocyanine green angiography, ocular
coherence tomography, brain imaging. Systemic organs im-
aging is generally not necessary in the cases of suspected
PIOL or PCNSL, and this practice is not highly recom-
mended 11. When there is a reason to suspect systemic lym-
phoma added to the standard tests are a complete blood cell
count, erythrocyte sedimentation rate, and bone marrow
evaluation 12. Vitreous biopsy is a useful tool to diagnose
PIOL. If it is implemented prior to steroid therapy, it might
suppress the number of vitreous cells, including lymphoma
cells, which may result in a negative vitreous cytology 13. The
lymphoma cells of POIL and PCNSL are very fragile, and if
systemic corticosteroids are used to treat a presumed "uveitis",
the lymphoma cells may be even more fragile 14. Conventional
ocular and brain examination includes cytological and his-
tological examination (macroscopic and microscopic). Mo-
lecular pathology involves gene rearrangements, transloca-
tions, molecular signals, infectious deoxyribonucleic acid
(DNA) 15. Immunohistochemistry shows the same picture as
that for PIOL. As the majority of PCNSL cells are B-cells,
they stain for CD19, CD20, and surface immunoglobulin 16, 17.

Conclusion

Sometimes, uveitis is the only initial manifestation of
an occult systemic problem in patients older than 40 years.
UMS should be considered in all patients with idiopathic
corticosteroid resistant chronic uveitis. Primary intraocular
lymphoma should be considered in all patients aged 40 and
older with ultrasonographic findings of subretinal lesions and
vitreous cells. Malignancies and other diseases should be
considered, with implementation of diagnosis biopsies of vi-

trous fluid and brain. Timely treatment may improve the
prognosis of UMS. Direct treatment of malignancy or un-
derlying condition may be required to control uveitis.
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a) b) c) d)
Fig. 2 – A patient with primary intraocular lymphoma showing creamy, yellow-white to orange sub-retinal pigment

epithelium infiltrates
a) Fotofundus; b) Ultrasound – lifting of the retinas in both eyes with masses in the subretinal space before the therapy c) after the therapy;

d) Non-Hodgkin lymphoma in the brain (B-cell, large cell diffusum).
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Abstract

Introduction. Primary acinic cell carcinoma (ACC) is an un-
common malignant neoplasm of the salivary gland (SG), which
usually presents as slow growing tumor. Case report. We re-
ported a 69-year-old woman with tumor in the right parotid
gland with a 5-year progress. Biopsy sections revealed a hybrid
form of ACC with a low- and high-grade component and
prominent lymphoid tissue in tumor stroma. Immunohisto-
chemistry was performed to define the molecular profile of this
unusual ACC, with special interest for stromal influence on to
the proliferative activity of ACC with dedifferentiation. We
detected that the level and the type of stromal lymphoid reac-
tion (particularly CD8+/CD4+ ratio) had a significant influence
on to Ki-67 index in the high-grade component of ACC, as
well as the  involvement of the CXCR4 signaling axis in the
stromal reaction influence. Conclusion. We suggest that tu-
mor stroma may be a source of potential new tumor biomark-
ers which can determine the aggressivity of this tumor.

Key words:
parotid neoplasms; carcinoma, acinar cell; ki-67
antigen; prognosis.

Apstrakt

Uvod. Primarni acino elijski karcinom (ACC) je redak mali-
gni tumor pljuva nih žlezda koji obi no ima sporu progre-
siju. Prikaz bolesnika. U radu je prikazana bolesnica, stara
69 godina, sa tumorom u desnoj parotidnoj žlezdi. Na pre-
secima tkiva otkrivena je hibridna forma ACC, sa kompo-
nentom niskog i visokog gradusa, i izraženim limfnim tki-
vom u stromi tumora. Tumor je pokazivao 5-godišnju pro-
gresiju. Imunohistohemijska metoda koriš ena je kako bi se
definisao molekularni profil ove retke forme ACC, kao i uti-
caj strome na proliferativnu aktivnost ACC sa njegovom
dediferencijacijom. Pokazali smo da nivo i tip stromalne
limfoidne reakcije (pogotovo odnos CD8+/CD4+) ima zna-
ajan uticaj na Ki-67 indeks u komponenti visokog gradusa

ACC, kao i uticaj CXCR4 signalnog puta. Zaklju ak. Tu-
morska stroma može biti izvor potencijalno novih tumor-
skih biomarkera, kada imuni odgovor može uticati na agre-
sivnost ovog tumora.

Klju ne re i:
parotidne žlezde, neoplazme; karcinom acinusnig
elija; antigen, ki-67; prognoza.

Introduction

Although acinic cell carcinomas (ACCs) represent only
2–6% of salivary gland tumors, they are the third most com-
mon epithelial malignancy after mucoepidermoid carcinoma,
thus being about 10% of all malignant salivary gland tu-
mors 1. Well-differentiated ACCs present as well circum-
scribed encapsulated tumors with a solid or microcystic pat-
tern in which tumor cells are surrounded and intermingled
with prominent lymphoid response. Dedifferentiated ACC
presents itself with areas of low-grade ACC and areas of de-
differentiated high grade ACC, or undifferentiated carcinoma
within the same tumor 2, 3. Investigation of biological mark-
ers is very important and necessary for predicting prognosis

of salivary malignancies and better understanding the patho-
genesis of salivary cancer. Ki-67 was already proven as use-
ful prognostic markers for survival in a few studies of pa-
tients with ACC and other salivary glands tumors 4, 5. Tumor
stroma may be a source of potential new tumor biomarkers,
in which the immune response is of major importance. Here
we investigated stromal influence onto the proliferative ac-
tivity of ACC with dedifferentiation and evolution of this pa-
rotid gland tumor.

Case report

A 69-year-old woman presented with a superficial
lobulated swelling in the lower half of the right parotid
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gland. The tumor had been detected 5 years before with the
diameter of 1  1 cm, clinically manifested as slowly en-
larging, asymptomatic, painless tumor mass. Five years later
surgical resection of the lower part of the parotid gland was
performed, as well as extirpation of a lymph node along the
front edge of the sternocleidomastoidal muscle.

Pathological and immunohystochemical findings

In a fragment of the parotid gland (45  40 mm), gross
analysis showed a well- circumscribed tan-gray tumor mass
of strong consistency (38  30  10 mm), and a focus of
bleeding (12 mm). Microscopically, biopsy sections revealed
feature of ACC where tumor cells had basophilic cytoplasm
and acinar differentiation. The tumor showed predominantly
a low-grade component, but in some parts of ACC, a high-
grade component was detected. Abundant lymphoid tissue
with germ cell follicles was present in tumor stroma (Figure
1a). Some parts of a high-grade component showed promi-
nent stromal lymphoid reaction with intratumoral infiltration
of lymphocytes. Regional lymph node showed reactive hy-
perplastic change. The tumor was in pathological stage 2.

Fig. 1 – a) Acinic cell carcinomas (ACC) of the parotid gland
with abundant stromal lymphoid tissue in high grade com-

ponent (HE staining,  40); b) Immunoreactivity in high
grade ACC with stromal reaction and low Ki-67 index
(  40); c) prominent Ki-67 index in part of tumor with

scanty stromal reaction (  40); d) with infiltration of tumor
with CD8+ cell (  40); e) and CD4+ cells (  40); f) CXCR4

positivity in both tumor cells and lymphocytes (  40).

Broad spectrum of monoclonal antibodies was applied to
define the molecular profile of low and high-grade compo-
nents of ACC, and surrounding lymphoid stromal influence on
to Ki-67 index. Immunohistochemical analysis was performed
on the following 3 different tumor regions: low-grade, high-
grade near prominent stromal reaction, and high-grade with a
low stromal reaction. The tumor was analyzed using the
mouse monoclonal antibody against p53, p21WAF1/Cip1, HER-2,
Ki-67, Bcl-2, Survivin, Bax, Fas, Caspase-3, CD4, CD8,
CXCR4, GFAP, EMA, S-100, CEA, and CK (AE1/AE3). We
defined indexes of  Ki-67, p53, p21 and Survivin. On the lit-
erature data scoring system was performed to p21 6; Bcl-2,
Bax, Fas, and Caspase 3 7, and CXCR4 8. For testing the HER-
2 (C-erbB2) status we used the HercepTest scoring system de-
vised by DAKO. Characterization of the stromal reaction and
a mononuclear cell infiltrate was determined based on the hot
spot technique, which means that, in each studied tumor area,
density was measured at the region of the highest tumor-
infiltrating lymphocytes (TILs) density 9. The TILs were fur-
ther characterized by CD4 and CD8 markers expression and
the percentage of CD4 and CD8 positive TILs was scored as:
score 0, no immunoreactive cells; score +1, positivity in <
10% cells; score +2, positivity in 10–30% cells; and score +3,
positivity in > 30% of cells. Pathology data regarding prolif-
erative index Ki-67, p21, CD4 and CD8 positivity were ana-
lyzed by the analysis of variance (ANOVA), single-factor
analysis and the 2 test, and p < 0.05 was considered to be sta-
tistically significant.

Mitotic activity increased in the part of tumor with a
high-grade component (Figure 1b, 1c), but it was significantly
higher (p < 0.05) in high-grade AAC with scanty stroma. TILs
showed the specific pattern of immunoreactivity. In high-
grade tumor with strong lymphoid stromal reaction, CD8+

cells infiltrating the tumor outnumbered the CD4+ cells (Fig-
ure 1d, 1e), and as a result, the CD4+/CD8+ ratio was below
0.5 (Figure 1d, 1e). In the low grade tumor and normal im-
mune response this ratio is between 0.9 and 1.9. In the same
area both TILs and tumor cells showed an increase in the den-
sity of CXCR4 positive cells (Figure 1f) and a decrease in the
tumor cells mitotic activity (Figure 1b). A similar trend was
seen in the case of stromal CD4+ and CD8+ cells.

 Ki-67 index and quantification of CD4+ cells and CD8+

cells was shown in Figure 2. The molecular profile of inves-
tigated components in ACC is presented in Table 1.
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Fig. 2 – Lymphoid stromal reaction, Ki-67 and p21
expression in acinic cell carcinoma.

HPF – high power field.
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Table 1
Expression of molecular markers in acinar cell carcinoma
Molecular
markers

Low
grade

High-grade stromal
reaction

High
grade

p53 – – –
p21% – Score 1 Score 2
HER-2 – Score 2 Score 2
Ki-67 Score 1 Score 2 Score 1
Bcl-2 – altered altered
Survivin – – –
Bax normal altered altered
Fas altered altered altered
Caspase-3 altered – –
CD4 Score 1 Score 3 Score 1
CD8 Score 1 Score 3 Score 1
CXCR4 + + –
GFAP – – –
EMA – – –
S-100 + + +
CEA – – –
Cytokeratin + + +

Discussion

Prognosis of salivary tumors depends mostly on the mi-
croscopic grade and the tumor type, as well as the stage of
the disease and localization 1–3. Investigation of proliferative
activity in ACCs and other malignant salivary gland tumors,
evaluating MIB-1 or Ki-67 index, shows that this is highly
effective tool in patient follow-up and prognosis. Patients
with MIB-1-negative ACCs had significantly better survival
than patients with MIB-1-positive tumors. This is an inde-
pendent prognostic factor for survival in patients with
ACCs 4.

Furthermore, TILs showed the specific pattern of im-
munoreactivity regarding the tumor grade as well as the
stroma/tumor ratio. In high-grade tumor with strong lym-
phoid stromal reaction, CD8+ cells infiltrating the tumor
were a dominant component of immune infiltrate. CD4+ also
revealed strong expression, although CD8+ cytotoxic lym-
phocytes highly outnumbered CD4+ TILs. This would sug-
gest a later phase of the T-cell activation process 10–12 and
may be a result of a relatively long period of tumor evolu-
tion.

In view of clinical and pathological data, it is specu-
lated that the tumor foci lacking lymphoid stroma possibly
represented a clone of high-grade malignancy arising within
low-grade acinic cell carcinoma with lymphoid stroma. Sev-
eral studies on various carcinomas have shown that a high
CD8+/CD4+ T cell ratio is associated with favorable progno-
sis and vice versa 11, 13, 14. The same area showed an increase
in the density of CXCR4 positive cells in both TILs and tu-
mor cells shown, which also correlated with low prolifera-

tion index. CXCR-4 is an alpha-chemokine receptor specific
for stromal-derived-factor-1 (SDF-1 also called CXCL12), a
molecule endowed with a potent chemotactic activity for
lymphocytes. The CXCR4 signaling pathway is a key regu-
lator of many essential biological processes, such as cell mo-
tility, differentiation switch, apoptosis and lymphocyte
homing 15, 16. However, data regarding the role of CXCR4 is
sometimes dubious. Until recently, SDF-1 and CXCR4 were
believed to be a relatively “monogamous” ligand-receptor
pair correlated to other chemokine receptors Recent evidence
demonstrates ubiquitin (a well-known anti-inflammatory
immune modulator and endogenous opponent of proinflam-
matory damage) may also be a natural ligand of
CXCR4 17, 18. There is still no data on the role of this signal-
ing axis in the ACC pathogenesis.

It is well-known that salivary gland cancer may resist
programmed cell death with altered expression of both pro-
apoptotic and antiapoptotic proteins 4, 5, 19, but this process
can be regulated by expression of HER-1 and p21 20. So, a
weak bcl-2 expression in SG tumors is associated with a high
frequency of apoptosis, but strong Bax expression has no in-
fluence 19. Some authors suggest that HER2/neu overexpres-
sion in cancer cells, in addition to stimulating tumor cell
proliferation, acts as an antiapoptotic cell survival factor 20.
On the other hand, cancer cells lacking p21 are more sensi-
tive to apoptosis, by arresting cell cycle progression or p21
could interact with and inhibit proapoptotic molecules, such
as procaspase-3, caspase-8, and apoptosis signal-regulating
kinase 1 21.

This article describes a very unusual hybrid form of
ACC with slow progression. In this case, a high-grade com-
ponent of ACC showed deregulation of cell cycle, with high
expression of HER-2, p21, and Bcl-2. Proapoptotic markers
were effective in low grade ACC, but with dedifferentiation
of ACC, tumor cells expressed Bax and Fas, however with-
out Caspase-3 activity. Stromal lymphoid tissue had a sig-
nificant influence on to Ki-67 index in a high-grade compo-
nent of ACC, as well as involvement of the CXCR4 signal-
ing axis in the stromal reaction influence.

Conclusion

Stromal lymphoid reaction (particularly CD8+/CD4+ ra-
tio) has a significant influence onto Ki-67 index in high-
grade ACC of the parotid gland, which can determine the
aggressivity of this tumor, and therefore may be used as a
novel prognostic biomarker.
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Abstract

Introduction. Langerhans cell histiocytosis (LCH) is an un-
common disease of unknown etiology characterized by un-
controlled proliferation and infiltration of various organs by
Langerhans cells. Case report. We presented a 54-year-old
man, heavy smoker, with dyspnea, cough, hemoptysis,
headache and ataxia, who died shortly after admission to
our hospital. On the autopsy, tumor was found in the poste-
rior segment of the right upper pulmonary lobe as well as a
right-sided occipitoparietal lesion which penetrated into the
right ventricle resulting in internal and external hemato-
cephalus. Histologically and immunohistohemically, the di-
agnosis of primary lung adenocarcinoma with brain metas-
tasis was made (tumor cells showed positivity for CK7 and
TTF-1 which confirmed the diagnosis). In the lung paren-
chyma around the tumor, as well as in brain tissue around
the metastatic adenocarcinoma histiocytic lesions were
found. Light microscopic examination of the other organs
also showed histiocytic lesions involving the pituitary gland,
hypothalamus, spleen and mediastinal lymph nodes. Immu-
nohistochemical studies revealed CD68, S-100 and CD1a
immunoreactivity within the histiocytes upon which the di-
agnosis of Langerhans' cells histiocytosis was made. Con-
clusion. The multisystem form of LCH with extensive or-
gan involvement was an incidental finding, while metastatic
lung adenocarcinoma to the brain that led to hematocepha-
lus was the cause of death.

Key words:
histiocytosis, langerhans-cell; diagnosis; lung
neoplasms; adenocarcinoma; immunohistochemistry.

Apstrakt

Uvod. Histiocitoza Langerhansovih elija je retko obolje-
nje nepoznate etiologije koje se karakteriše nekontrolisa-
nom proliferacijom i infiltracijom razli itih organa Lan-
gerhansovim elijama. Prikaz bolesnika. Prikazan je bo-
lesnik, star 54 godine, teški puša , sa simptomima dispne-
je, kašlja, hemoptizija, glavobolje i ataksije koji je kratko
nakon prijema u našu ustanovu egzitirao. Na obdukciji,
na en je tumor u posteriornom segmentu desnog gornjeg
režnja, kao i tumorska masa lokalizovana desno okcipito-
parijetalno koja je penetrirala u desnu komoru dovode i
do unutrašnjeg i spoljašnjeg hematocefalusa. Histološki i
imunohistohemijski, postavljena je dijagnoza primarnog
plu nog adenokarcinoma sa metastazom u mozak (tumor-
ske elije su pokazale pozitivnost za CK7 i TTF-1, što je
potvrdilo dijagnozu). U plu nom parenhimu oko tumora,
kao i u moždanom parenhimu oko tumora na ene su his-
tiocitne lezije. Histološka analiza ise aka uzetih iz hipofize,
hipotalamusa, slezine i medijastinalnih limfnih vorova ot-
krila je, tako e, prisustvo ovih lezija. Imunohistohemijski,
ove lezije pokazale su pozitivnost na CD68, S-100 i CD1a,
na osnovu ega je i postavljena dijagnoza histiocitoze Lan-
gerhansovih elija. Zaklju ak. Multisistemska forma his-
tiocitoze Langerhansovih elija sa ekstenzivnim zahvata-
njem organa je slu ajan nalaz, dok je hematocefalus izaz-
van metastatskim adenokarcinomom bio uzrok smrti kod
ovog bolesnika.

Klju ne re i:
histiocitoza x; dijagnoza; plu a, neoplazme;
adenokarcinom; imunohistohemija.
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Introduction

Langerhans cell histiocytosis (LCH) includes diseases
previously designated as histiocytosis X, eosinophilic granu-
loma, Letterer-Siwe disease, Hand-Schuller-Christian syn-
drome and Langerhans cell granulomatosis. This is an un-
common disease of unknown etiology characterized by un-
controlled proliferation and infiltration of various organs by
Langerhans cells, often organized into granulomas 1. It occurs
predominantly in children and young adults, but no age is an
exemption. Practically any organ can be involved, but bone
and skin are the sites of predilection. Patients are categorized
as having single-system disease at a single or multiple sites, or
as having multisystem disease. Single-system disease of LCH
involves mainly bones or lungs and usually follows a benign
course and can regress spontaneously. The clinical presenta-
tion of multisystem LCH, which carries a poor prognosis in a
number of cases, is highly variable depending on the organs
involved, mainly bones, skin, lungs, pituitary glands and less
commonly liver, spleen, hematopoietic and central nervous
system 1–3. The association of single-system disease with ma-
lignant neoplasm is not so rare (particularly in association with
malignant lymphoma), but association of multisystem LCH
with a malignant neoplasm is rare and, generally, has been the
subject of isolated case reports 4. To our knowledge, this is the
first case reporting on the association of multisystem LCH
with metastasizing adenocarcinoma of the lung.

Case report

A 54-year-old man, heavy smoker (30 years/3 packs a
day), was admitted to our hospital for further diagnostic ap-
proach to the radiologically detected change in the right lung.

Four months before admission shortness of breath and cough
with hemoptysis occured, and a month before admission the
patient was refered to the neurologist because of walking in-
stability, loss of strength in the left half of the body, and
morning headaches. Computerized tomography (CT) scan of
the endocranium showed right-sided occipitoparietal lesion,
which primarily exhibited characteristics of secondary infil-
tration, and CT scan of the thorax showed inhomogeneous,
extensive infiltration predominantly localized in the upper
lobe. On the fourth day after admission hemoptysis occured,
and bronchoscopic examination was performed, but histo-
pathological findings did not clarify the etiology of the
change. After two days a deterioration in general condition
with intense headache developed, and despite all the applied
therapeutic measures the patient passed away.

At autopsy, macroscopic examination of the lungs re-
vealed an excavated tumor mass 1.8 cm in largest dimension
in the posterior segment of the right upper lobe, which histo-
pathologically corresponded to adenocarcinoma. In brain pa-
renchyma, right-sided occipitoparietal necrotic, and hemor-
rhagic lesion 5.7  3,8 cm in largest diameter, which pene-
trated into the right ventricle resulting in internal and exter-
nal hematocephalus, was observed. Histologically and im-
munohistohemically, the diagnosis of primary lung adeno-
carcinoma with brain metastasis was made (tumor cells
showed positivity for CK7 and TTF-1 which confirmed the
diagnosis) (Figures 1a and 1b).

Within the tumor, in the lung parenchyma around the tu-
mor, as well as in the brain tissue around metastatic adenocar-
cinoma, histiocytic lesions were found (Figure 2a). Light mi-
croscopic examination of the other organs also showed histio-
cytic lesions involving the pituitary gland, spleen, hypothala-
mus, and mediastinal lymph nodes (Figures 2b and 2c).

                     a)                                                                                    b)
 Fig. 1 – a) Adenocarcinoma of the lung (HE,  10); b) Metastatic adenocarcinoma in the brain parenchyma (HE,  5).

                a)                                                           b)                                                        c)

Fig. 2 – a) Histiocytic lesion within the lung parenchyma around the tumor (HE,  10); b) Histiocytic lesion in the mediasti-
nal lymph node (HE,  10); c) Histiocytic lesion in the hypothalamus (HE,  20).
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These histiocytic lesions were made of clusters and sheets
of characteristically ovoid cells with abundant, lightly eosinoph-
ilic cytoplasm, grooved or contorted nuclei, fine chromatin, a
thin nuclear membrane and inconspicuous nucleoli.
Multinucleated giant cells were also present. Immunohisto-
chemical studies revealed CD68 (histiocytic marker), cytoplas-
mic protein S-100 and glycoprotein CD1a (a marker of Langer-
hans’ cells) immunoreactivity within the histiocytes upon which
the diagnosis of LCH was made (Figures 3a, 3b and 3c).

Discussion

Analysis of a large cohort of Mayo Clinic patients (314
patients between 1946 and 1996) with histologically proven
LCH showed that 96 patients had LCH involving multiple
systems, 114 had isolated osseous LCH, and remaining 104
had nonosseous single system LCH. Only 27 of 314 patients
had coexisting neoplasms. Five patients had lung carcinoma
(four adenocarcinoma and one small cell carcinoma), but all
of them had pulmonary LCH without involvement of other
organs with Langerhans' cells. Four patients had multisystem
LCH (mostly affecting bones, skin, lymph nodes and pitui-
tary gland) coexisting with breast adenocarcinoma, parathy-
roid adenoma, pancreatic cystadenoma and pontine mass 5.

A group of autors at the University of Minnesota re-
viewed their own charts as well as reported cases in the lit-
erature between 1960 and 1992. Of  the 91 patients, 39 had

LCH with malignant lymphoma (25 of these cases were
Hodgkin disease), in 22 patients LCH was reported in asso-
ciation with leukemia, and in remaining 30 patients LCH was
associated with a variety of solid tumors, including lung car-
cinoma in 12 patients (nine adenocarcinoma, two large cell
carcinoma and one squamous cell carcinoma). In 11 cases of
associated lung carcinomas and LCH, the diagnosis of LCH
was confined pathologically to the lung 6. In one case re-
ported by Hammar et al. 7 LCH affected bone and lung and

this is the only reported case of  lung adenocarcinoma coex-
isting with LCH which was not limited to the lung. Accord-
ing to these two studies, simultaneous association of LCH
with lung carcinoma suggest that pulmonary LCH represents
a reaction to the tumor.

Conclusion

LCH remains a rare, enigmatic disease which, in most
cases, is detected relatively late in its course and which
should be included in the differential diagnosis of patients
with multisystem disease. In this case, the coexistance of
multisystem LCH with extensive organ involvement and
metastastic lung adenocarcinoma (that led to hematocephalus
and death) represents a coincidental finding, because only in
case of a single-system disease one can speak about the re-
active nature of LCH.
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             a)                                                         b)                                                         c)
Fig. 3 – a) CD1a positivity of Langerhans cells within the lung tumor parenchyma (  20); b) CD1a positivity of Langerhans’ cells
within the brain parenchyma around the tumor (  20); c) CD1a positivity of Langerhans cells within the pituitary gland (  10).
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Abstract

Introduction. Persistent left superior vena cava is the most
common thoracic venous abnormality which is usually
asymptomatic, found incidentally during pacemaker im-
plantation. The main problem is related to reaching the ap-
propriate pacing site and ensuring stable lead placement.
Case report. We reported a successful implantation of a bi-
ventricular pacing and defibrillator device (CRT-D) via a
persistent left superior vena cava in a 55-year-old man with
dilated cardiomyopathy and severe heart failure. A persis-
tent left superior vena cava was detected during CRT-D im-
plantation. We managed to position electrodes in the right
ventricular outflow tract, a posterior branch of the coronary
sinus and in the right atrium. Conclusion. Congenital
anomalies of thoracic veins may complicate lead placement
on the appropriate and stable position. The presented case
demonstrates a successful biventricular pacing and defibril-
lator therapy device implantation in a patient with dilated
cardiomyopathy and severe heart failure.

Key words:
vena cava superior; vascular malformations; cardiac
pacing artificial; defibrilator implantable; treatment
outcome.

Apstrakt

Uvod. Leva gornja šuplja vena je naj eš a anomalija vena to-
raksa koja je uglavnom asimptomatska. Obi no se verifikuje
prilikom ugradnje pejsmejkera kada može jako otežati, a ne-
kada i potpuno onemogu iti postavljanje elektroda. Problem
koji nastaje zbog anomalije venskog sistema je u odgovaraju-
em pozicioniranju elektroda, odnosno u njihovoj stabilnosti.

Prikaz bolesnika. Prikazali smo uspešnu implantaciju resin-
hronizacionog defibrilatorskog aparata (CRT-D) kod bolesni-
ka starog 55 godina, sa dilatativnom kardiomiopatijom, odno-
sno teškom sr anom slaboš u, kojem je u toku intervencije
detektovana perzistentna leva gornja šuplja vena. Uprkos
anomaliji venskog sistema toraksa, uspeli smo da pozicioni-
ramo elektrodu u izlazni trakt desne komore, posteriornu
granu koronarnog sinusa, odnosno u desnu pretkomoru. Za-
klju ak. Uro ene anomalije vena toraksa mogu jako da ote-
žaju postavljanje elektroda na adekvatnu, odnosno stabilnu
poziciju. Ipak, pokazali smo da se i kod ovakvih bolesnika
može uspešno ugraditi resinhronizacioni defibrilator.

Klju ne re i:
v. cave superior; krvni sudovi, malformacije; srce,
vešta ko uskla ivanje ritma; defibrilator, implantabilni;
le enje, ishod.

Introduction

Persistent left superior vena cava (PLSVC) is the most
common variation in the thoracic venous system. PLSVC is
found in 0.3% to 0.5% of the population and in 5% to 10%
of patients with other congenital heart defects (atrial septal
defect, bicuspid aortic valve, coarctation of aorta, coronary
sinus ostial atresia and cor triatriatum) 1–6. Several subtypes
of PLSVC can be distinguished. In 68% of cases an in-
nominate vein bridges the two superior venae cavae 7. In

about 20% of patients, as well as in the presented case, the
right superior vena cava (RSVC) is absent resulting in
drainage of venous blood from the head and both arms
through the left brachiocephalic vein, PLSVC and the
coronary sinus into the right atrium 8. This condition is
typically asymptomatic, usually incidentally discovered
during pacemaker implantation can complicate lead place-
ment through the subclavian approach. We reported a case
of a successful biventricular pacing and defibrillator device
implantation (CRT-D) via a persistent left superior vena in
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a patient with dilatative cardiomyopathy and severe heart
failure.

Case report

A 55-year-old man with weakness, fatigue, dizziness,
syncope and the history of idiopathic dilated cardiomyopathy
underwent implantation of a biventricular pacemaker and de-
fibrillator therapy device. ECG showed a wide left bundle
branch block with the duration of 180 msec (Figure 1). The
patient was categorized as the New York Heart Association
(NYHA) functional class III.

Fig. 1 – Electrocardiography (ECG) on admission showed a
wide left bundle branch block with the duration of 180 msec.

An echocardiogram showed an enlarged left ventricular
cavity (end-diastolic diameter 7.8 cm and end-systolic di-
ameter 6.2 cm) with severe impaired left ventricular ejection
fraction (LVEF) of 15%, wide coronary sinus and moderate
to severe mitral regurgitation. Coronary angiography showed
normal coronary arteries.

After cannulation of the left subclavian vein, the
guidewire passed along the left side of the mediastinum
when the left superior vena cava became evident. An active
fixation ventricular defibrillator (ICD) lead was placed
through a curved guiding stylet on the right ventricule out-
flow tract. The stimulation threshold was 1.5 V at 0.5 ms
with the impedance of 530 , high-voltage shock impedance
was 47  and R wave amplitude was 8.9 mV. A sub-
selection catheter and the guidewire facilitate placement of
unipolar left ventricular electrode in the posterior branch of
the coronary sinus. Its stimulation threshold was 1.25 V at
0.5 ms, R wave amplitude was 12 mV and impedance was
300 . A passive fixation right atrial lead was positioned
using a standard atrial stylet in the septum of the right
atrium. The stimulation threshold was 0.5 V at 0.5 ms with
the impedance of 680  and P wave amplitude of 4.7 mV
(Figures 2 and 3).

There were no other complications in the course of the
procedure.

After a 6-month follow-up, the patient fitted into
NYHA functional class I, sensing and capture threshold re-

mained stable and ventricular pacing was more than 95%.
ECG showed narrowing of QRS to 120 msec (Figure 4).
There was a mild mitral regurgitation, and LVEF was 40%,
showing an excellent response to CRT-D.

Fig. 2 – Antero-posterior (AP) view: an active fixation of
ventricular defibrillator lead positioned in the outflow tract
of the right ventricle; an unipolar left ventricular electrode
positioned in the posterior branch of the coronary sinus; a
passive fixation atrial lead positioned in the septum of the

right atrium.

Fig. 3 – Left anterior oblique (LAO) 45° view: a right
ventricular defibrillation lead, left ventricular unipolar lead

and atrial lead insertion place.

Fig. 4 – Electrocardiolography (ECG) showing biventricular
stimulation with narrowing of QRS to 120 msec.
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Discussion

Although the left superior vena cava may complicate or
completely disable biventricular pacemaker and defibrillator
devices implantation, several cases of successful implantation
have been described in the literature 7, 9, 10. However, some dif-
ficulties may occur during this procedure. Right ventricular
lead placement is the major problem. In patients with the in-
nominate vein which connects the right and left superior vena
cava, right ventricular lead implantation is usually achievable
through this one using a conventional method 7. Typically, the
PLSVC drains directly into the right atrium through the greatly
enlarged coronary sinus because of a significant increase in
blood flow 7. When an electrode is introduced into the right
atrium, the tip of the right ventricular lead usually tends to de-
flect away from the tricuspid annulus. There are several meth-
ods to overcome this difficulty. Biffi et al. 11 used a manually
formed U-shaped stylet, requiring considerable manoeuvring,
forming a loop in the right atrium, using the right atrial free
wall for support. Srimannarayana et al. 12 reported the use of
atrial J-shaped stylet for ventricular lead placement 12. Kon-
stantino et al. 13 demonstrated ventricular lead placement into
the right ventricular outflow tract using a coronary sinus deliv-
ery system. These techniques allow acute angulation of ven-
tricular electrode to reach right ventricul through the tricus-
pidal valve, which is the critical juncture mostly requiring ad-
ditional complex maneuvers. These maneuvers have not been
completely described in the published literature so far 14, 15.

In the presented case of ICD lead implantation we used
a manually formed U-shaped stylet with the rotation of elec-
trode in clockwise direction toward the tricuspid valve an-

nulus and after a sudden withdrawal of the stylet, the ven-
tricular lead got into the right ventricul across the tricuspidal
valve. The atrium lead was implanted using J-shaped stylet,
but with contraclockwise rotation in the right atrium septum.
It is advisable to apply both maneuvers in the direction of
rotation opposite to the one done during the conventional bi-
ventricular pacemaker device lead implantation.

The left ventricular lead, if possible, is introduced
through the PLSVC into the coronary sinus and implanted in
the appropriate coronary vein. The difficulty in coronary si-
nus cannulation is still one of the reasons for failing biven-
tricular pacing system in implantation. Balloon-occlusion
retrograde angiography is not possible because of coronary
sinus dilation. Coronary cannulation vein requires a lead to
be manipulated through sharp angles. Sometimes, left coro-
nary angiography is performed in order to evaluate possible
position for left ventricular lead placement. However, this
can lead to large contrast volume and prolonged angio-
graphic time. In the case, we used the sub-selection catheter
with a curve of 90° and a guidewire which facilitates unipo-
lar left ventricular electrode placement in the posterior
branch of the coronary sinus.

Conclusion

Despite venous abnormalities, biventricular pacing and
defibrillator device implantation via a persistent left superior
vena cava is feasible. According to our findings, these ma-
neuvers have not been completely described in the published
literature so far. We hope that these techniques may facilitate
lead implantation via the left superior vena cava.
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Introduction

The year 2013 is the year of great anniversaries in mo-
lecular biology. In 1953 Watson and Crick published the
model of DNA structure in the scientific journal “Nature”,
indicating the model of its self-replication as well 1, 2. This
was the final proof that DNA molecule contains genetic in-
formation. With this discovery, exactly 60 years ago, mo-
lecular biology became distinct scientific discipline and to-
day it is one of the most dynamic fields of science.  There is
no doubt that completion of one of the largest and the most
expensive scientific project of all times, deciphering the se-
quence of the human genome, is one of the milestones that
marked the beginning of the 21st century. The International
Human Genome Sequencing Consortium published the re-
sults of their project in “Nature” in 2001 3. The very next day
the results of the work done by a group of scientists em-
ployed by the company “Celera” appeared in “Science” 4.
The complete sequence of the human genome with the as-
sessment of the gene number was published in 2003 5. At the
time, the estimation of the number of the protein-coding
genes was 30,000. Since then every year we witness a new
revision of the number of human genes. According to the last
data, the number of protein-coding genes is slightly more
than 20,000 6. Starting in 2003, the Encyclopedia of DNA
Elements (ENCODE) project set out to map which parts of
human chromosomes are transcribed, how transcription is
regulated and how the process is affected by the way DNA is
packaged in the cell nucleus. The results of this project, pub-
lished in 2012, showed that 80.4% of the human genome
displays some functionality in at least one of 147 different
cell types analysed 7.

While deciphering the human genome and other spe-
cies’ genomes, the new scientific branch, genomics, was es-

tablished. The object of study in genomics is the whole ge-
nomes of species. It is the opinion of the scientific commu-
nity that genomics of all species will bring about the most
progress in the everlasting human struggle against incurable
diseases and ageing 8. The most important discoveries that
enabled the advances in molecular biology and the beginning
of the genomic era will be presented in this article.

Discovery of the secondary structure of DNA
molecule

In spring 1951, during a zoology congress, the American
zoologist James Dewey Watson (born 1928) met the New
Zealander Maurice Hugh Frederick Wilkins (1916–2004) who
showed him diffraction images of DNA molecule. For young
Watson, this experience was initiation into the research of the
chemical structure of nucleic acids and proteins. By the end of
1952 Watson also met a British physicist and biologist Francis
Harry Compton Crick (1916–2004). The two started working
together on the 3-dimensional model of a DNA molecule. In
no more than couple of months, making molecular models
based on characteristics of diffraction images of DNA, Watson
and Crick established that a DNA molecule consisted of two
antiparallel polynucleotide strands joined together by hydro-
gen bonds 9.

On April 25, 1953 in its 171st volume, the journal “Na-
ture” published the article “Molecular structure of nucleic ac-
ids – A Structure for Deoxyribose Nucleic Acid” 1. It was
known at that time that DNA is the carrier of hereditary infor-
mation. This was mainly due to the work of Avery et al. 10 who
investigated the transformation of Pneumococcus type III
bacteria and the horizontal gene transfer in this species. There-
fore, it is not surprising that this publication was met by the
utmost interest of the scientific community as soon as it ap-
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peared. Watson and Crick published their discovery of the
DNA molecule structure based on the double stranded right-
handed spiral model on only one page with 6 cited references.
According to their original double helix model, purine and py-
rimidine bases are facing each other on the inside of the mole-
cule, stacked one on another (due to hydrophobic interactions)
while phosphate groups are turned to the outside. The back-
bone of the molecule is formed by pentose sugar and phos-
phate groups (Figure 1). Since the diameter of the helix is the
same along the length of the molecule, purine base in one
strand is facing the pyrimidine base in another one. This prin-
ciple designated as the complementary base pairing rule states
that adenine (A) and thymine (T), respectively cytosine (C)
and guanine (G) form hydrogen bonds and make base pairs
with the same geometry 1.

Fig. 1 – Complementary base pairs (left) and secondary
structure of a DNA molecule (right)

Relying on the model of DNA secondary structure they
proposed, Watson and Crick reflected on the possible way of
the replication of DNA molecule. Therefore, the scientists
emphasized in their article: “It has not escaped our notice
that the specific pairing we have postulated immediately
suggests a possible copying mechanism for the genetic mate-
rial” 1.

At the time of this discovery, Watson was only 25 years
old, and he won the Nobel Prize at the age of 34. Even today,
in his late years, Watson is active and certainly is one of the
greatest authorities in molecular biology. Last years have
been marked by his controversial statements about the influ-
ence of genes on the human nature 11.

Discovery of the secondary structure of a DNA mole-
cule still captures the interest of the scientific as well as gen-
eral public. Crick wrote a letter to his son, sharing with him
the news about the discovery. Sixty years later, in April
2013, this letter, known as Francis Crick's DNA letter sells at
auction for a record $6 million. The letter was purchased by
an anonymous buyer who made the bid over the phone. Half
of the proceeds will go to Michael Crick and his wife. The
other half will go to the Salk Institute for Biological Studies
in California, where the elder Crick worked up until his
death in 2004 at the age of 88 12.

The importance of Chargaff’s rules and diffraction
photographs of DNA molecule in the discovery of
the double helix

Combining of the bases according to the complemen-
tary base-pairing principle, suggested in Watson and Crick’s
model of double helix DNA, corresponded with Chargaff’s
findings about frequency of nucleotides in DNA molecule.
As a result of his research, Erwin Chargaff (1905–2002)
came to the conclusion that the content of purines in a DNA
molecule equals the content of pyrimydines, and also, that
the content of A equals that of T and content of G equals the
content of C. In 1951, his results were mathematically for-
mulated as A/T = G/C = 1 and A + T = G + C and today
these equations are known under the name the rules of Char-
gaff 13, 14. Chargaff recalled the 3 lucky factors that contrib-
uted to his success: a new method described in 1944 by
Consden, Gordon, and Martin that came to be known as pa-
per chromatography – applied to the analysis of nucleic acid
constituents, purines and pyrimidines; the availability for the
first time of commercial ultraviolet spectrophotometers –
which enabled the analytic procedure to be strictly quantita-
tive – for purines and pyrimidines exhibit strong characteris-
tic absorption spectra in ultraviolet; and what he felt to be
most important, two excellent collaborators – Dr. Ernst Vis-
cher and Mrs. Charlotte Green 15. The scientific community
of Serbia was introduced to Chargaff’s work by the scientist
himself who gave a lecture in the Serbian Academy of Sci-
ences and Arts on June 22, 1970.

There is an anecdote about Chargaff who, while in
London in 1952, had a meeting with Watson and Crick. They
discussed the impact of his rules on the model of DNA
structure. At this point Crick had forgotten the names of the
bases, which did not impress Chargaff, who arrogantly con-
sidered that he was wasting his time talking to a couple of
‘pitchmen’ 16.

As already mentioned, radiography (X-ray) diffraction
images of DNA were as important for the discovery of the
secondary structure of this molecule as Chargaff’s rules.
Supportive of this opinion is the fact that the same volume of
“Nature” in which Watson and Crick’s article appeared also
published two other articles confirming the suggested model
with X-ray diffraction images of DNA molecule 17, 18. The
author of one of these two papers was Wilkins who later
shared the Nobel Prize for Physiology or Medicine with
Watson and Crick. The authors of the other were Rosalind
Franklin (1920–1958) and Raymond Gosling (born 1926).

It is widely appreciated today that X-ray photographs
made by Rosalind Franklin were of key importance for the
discovery of the secondary structure of the DNA molecule 19.
In lecture notes dated November 1951, Franklin wrote the
following: “The results suggest a helical structure (which
must be very closely packed) containing 2, 3 or 4 co-axial
nucleic acid chains per helical unit, and having the phosphate
groups near the outside” 20. However, because of her prema-
ture death at the age of 37, she could not be awarded the No-
bel Prize since this prize cannot be posthumously awarded.
In the speeches at the Nobel ceremony “Crick and Watson
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notoriously and shamefully did not mention Rosalind, and
Wilkins's tribute was slight, but who can say what might
have happened if she had lived” 19. Moreover, it is no secret
presently that she did not know that they had seen either her
X-ray photograph, showing unmistakable evidence of a heli-
cal structure, or her precise measurements of the unit cell
(the smallest repeating unit) of the DNA crystal 21. After she
had done the work on diffraction images of DNA molecule
and proteins, she left King’s College and turned to the inves-
tigation of the tobacco mosaic virus structure. Rosalind
Franklin published nearly 50 scientific papers. In the year
she died her model of the tobacco mosaic virus was dis-
played at the international exhibition in Brussels, to be
moved later to the new Laboratory of Molecular Biology in
Cambridge 19. Truth be told, during the last year of her life, she
became a close friend of Crick and his wife Odile who she
stayed with while receiving her treatments for ovarian cancer.
After her death, Franklin has become a feminist icon – the
Sylvia Plath of molecular biology – seen as a genius whose
gifts were sacrificed to the greater glory of the male 21.

This is by no means the end of controversy regarding
diffraction photographs of a DNA molecule. There can be no
doubt Franklin's role was crucial: it was her skill in the tech-
nique known as X-ray crystallography that resulted in the
famous Photograph 51. But it was Franklin's student, 22
year-old Raymond Gosling (Figure 2), who actually took the
photo 17.

Fig. 2 – Raymond Gosling.

The anniversary itself was an opportunity for Gosling to
recall the days he had spent in Rosalind Franklin’s laboratory
and of the Watson and Crick’s discovery he designated as
“Eureka moment” 22. “Standing in the dark room outside this
lead-lined room, and looking at the developer, and up

through the developer tank swam this beautiful spotted pho-
tograph, you are familiar with them now I’m sure. It took 90-
something hours to take the photograph, again, pot luck. But
it really was the most wonderful thing. And I knew at the
time that what I’d just done was to produce a crystalline state
in these fibres, and if then the DNA was the gene material, I
must be the first person ever to make genes crystallize” 23.
According to Gosling himself, the importance of Rudolf
Signer (1903–1990), a Swiss biochemist should not be for-
gotten 23. Rudolf Signer delivered a lecture in the Royal So-
ciety on his method for producing DNA of a superior quality.
In Gosling’s words: “Signer asked at the end of the lecture if
anybody would like some of this material and he had a
specimen tube full of this freeze dried material. Only two
people put their hand up. I’m glad to say that Maurice (Wil-
kins) was awake enough to put his hand up!” 24. Anyway,
this scientific discovery, as any other, is a merit of many sci-
entists whose work has been directed towards common goal,
elucidation of the DNA secondary structure in this case.

The second half of the 20th century, a golden age of
molecular biology

Shortly after the discovery of the secondary structure of
DNA, the central dogma of molecular biology was postu-
lated. It states that in the cell, the hereditary information is
being transmitted in one direction from nucleic acids to pro-
teins and never the other way around, and from DNA to
DNA between generations. Quite a few scientists were in-
volved in defining central dogma, and Crick was the most in-
fluential among them 25. It is the opinion of many that de-
fining this rule (in the year 1958) actually represents the be-
ginning of the golden age of molecular biology.

Five years after the discovery of the DNA secondary
structure, the American Matthew Meselson (born 1930) gave
an experimental proof for the model of replication suggested
by Watson and Crick 26. During the mid 50s of the last cen-
tury, American biochemist Arthur Kornberg (1918–2007)
isolated the first enzyme involved in replication of DNA
molecule. It was DNA polymerase I from E. coli. Using this
newly discovered enzyme, Kornberg successfully synthe-
sized DNA in vitro in the presence of deoxyribonucleoside
triphosphate, molecules of DNA, magnesium ions and
adenosine triphosphate. In addition, he discovered that this
process always takes place in 5’ 3’ direction 27. On the day
Arthur Kornberg received the Nobel Prize, his wife, bio-
chemist in the same scientific group, Sylvy Ruth Levy (birth:
unknown-1986), gave a brief statement to the press: “I was
robbed”. The science is “family business” of Kornbergs.
Apart from Kornberg and his wife, their two sons are also
distinguished scientists. Roger David Kornberg (born 1947)
is a professor of structural biology and one of the pioneers in
the field of chromatin structure and function research. In
2006 he was awarded the Nobel Prize for his work on tran-
scription in eukaryotic cells. His brother, Thomas Bill Korn-
berg (born 1948) was a member of research group which dis-
covered enzymes DNA polymerase II and DNA polymerase
III in 1970 28, 29.
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In the field of molecular biology, the beginning of the
60s of the last century was marked by the discovery of the
role of messenger RNA (mRNA) in the flow of genetic in-
formation in cells and by introducing the notion of codon. In
relation to this, Crick’s adaptor hypothesis should be men-
tioned. In the year 1961, Crick and colleagues discovered
that DNA “communicates in specific language” in which the
words (codons) are always composed of three letters (each
letter corresponds to one nucleobase of the DNA sequence).
During these years, a great number of scientists were in-
volved in the work on transcription and translation processes,
but the discovery of mRNA is considered mostly the
achievement of three of them: Matthew Meselson, Briton
Sydney Brenner (born 1927) and French François Jacob
(1920–2013) 30.

In 1963 the American Marshall Nirenberg (1927–2010)
and Indian Har Gobind Khorana (1922–2011), based on the
results of their independent research, explained the way in
which nucleic acids (with 4 bases, that is 4 letters) determine
the sequence of 20 amino acids in polypeptide chains using
codons (three letter words). Nirenberg gave a correct esti-
mate of the total number of codons – 64 (4  4  4). Through
experiments started in 1961 in collaboration with the Ameri-
can Philip Leder (born 1934) he confirmed the hypothesis
that nucleic acids determine the sequence of 20 amino acids
using 64 codons 31, 32.

The year 1974 was marked by one of the most unex-
pected discoveries in the molecular biology which had a tre-
mendous influence on its further development. The Ameri-
cans Richard John Roberts (born 1943) and Phillip Allen
Sharp (born 1944) discovered that eukaryotic genes consist
of coding (exons) and non-coding (introns) sequences. After
transcription, the processing of the primary transcript takes
place, which includes splicing out introns and joining to-
gether of exons to form the strand of mRNA 33.

The first recombinant DNA molecule was created in
the begging of 70s of the 20th century, which initiated the
new era of recombinant DNA technology. American bio-
chemist Paul Berg (born 1926) created in vitro the first
hybrid circular DNA molecule using the sequences of viral
(SV40)  and bacterial (E. coli) DNA 34. This was possible
only due to the discovery of restriction endonucleases and
DNA ligase. The first isolated restriction enzyme was
Hind III from the bacteria Haemophilus influenzae. It was
isolated in 1970 by three microbiologists – the American
Hamilton Smith (born 1931), the Swiss Werner Arber
(born 1929) and another American Daniel Nathans (1928–
1999) 30.

During the mid-seventies of the last century first tech-
niques for DNA sequencing were developed. The British
Frederick Sanger (born 1918) and the American Walter
Gilbert (born 1932) independently created original methods
to determine the sequence of nucleotides in DNA mole-
cule 35, 36. By applying his own method, Sanger managed to
sequence a stretch of the DNA from E. coli bacteriophage
ØX174 whose genome is 5.375 base pairs (bp) long 37. Fre-
derick Sanger, double laureate of the Nobel Prize, is one of
the most famous living scientists.

Entry into the genomic era

With the development and automation of methods for
DNA sequencing it was possible to consider sequencing of
the human genome and genomes of other species. The idea
about deciphering the human genome originated in the US
Department for Energy in 1985. This idea was met with the
approval of the scientific community and as a result, in
1988, the National Center for Human Genome Research
(NCHGR) was founded. The estimate of the number of
genes in human genome revolved around 100,000 at the
end of the 80s of the last century. Based on this estimate
the plan was devised for scientists from NCHGR to se-
quence the entire DNA in human cells over period of 15
years spending the budget of 3 billion dollars. October
1990 is usually considered as the official launch date of the
project. At the very start it was clear that it surpasses the
scope of a national project. It became an international proj-
ect as the scientific institutes from the European Union,
China, Japan, Australia and other countries (18 in total)
joined. The Human Genome Organization (HUGO) was
founded first with the task to coordinate the work of this
large number of institutions and later the International Hu-
man Genome Sequencing Consortium with the same pur-
pose. Watson was the director of the consortium for a pe-
riod. One of the founders and directors of the NCHRG was
Craig Venter (born 1946). Due to the misunderstanding re-
garding the methodology of sequencing, Venter leaves
NCHGR and founds his private institute – TIGR (the In-
stitute for Genomic Research) 38. This institute succeeds to
sequence the first whole genome of an organism in less
than six months. It was the genome of the bacterium Hae-
mophilus influenzae 1.830.137 bp long and consisting of
1,749 genes 39. After deciphering the first genome of a liv-
ing organism, interest in deciphering the human genome
was growing over years. The number of pharmaceutical
companies and companies of other type that would readily
make considerable investments in this project was also
growing. In 1998 Venter starts the private company “Celera
Genomics”. After the sequence of the first prokaryotic ge-
nome had been published, one of the most exciting races in
the history of science begun. Its participants were scientists
from NCHGR and from “Celera”, while its goal was to read
out the complete sequence of the human genome 38.

As the work progressed towards the end, the rivalry was
becoming more open. Arguments in favour of one or the
other sequencing strategy were the topic of many scientific,
but also social debates. The confrontations of the two teams
with two different approaches and mutual challenges threat-
ened the whole project. Under the circumstances the US
president Bill Clinton was bound to intervene. He organized
meeting of the leaders of both teams in the East Room of the
White House on June 26, 2000. Presidential mediation led
the scientists to bury the hatchet and shake hands 40. The
wish to successfully complete the project of deciphering the
human genome overtook. The exchange of the results of
readout of the human genome obtained by that moment was
arranged between the teams. The result of described efforts
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was a successful completion of one of the most expensive
scientific projects of all times – the deciphering of the human
genome.

Ending of a project of this sort is the culmination of
the investigations that started with the discovery of the
secondary structure of the DNA molecule. At the same
time it is the starting point for the new scientific branch
named genomics. The research in genomics extends over
many disciplines mostly including: sequencing of the ge-
nomes, determining the number and the structure of the
genes, investigations of the gene expression profiles and
determining the structure and function of proteins. Com-
parative genomics has as its main topic investigations
into similarities and differences between the genomes of
different species. In parallel with genomics another novel
scientific discipline develops – bioinformatics. Bioin-
formatics is defined as application of information tech-
nologies in biology. It refers primarily to the collection,

processing and analysis of experimental results. Deci-
phering of the billions of base pairs of the hundreds of
genomes of different species is currently underway. The
work of such a large scale requires the creation of spe-
cific data bases. The final goal of this approach is to
make results of the work of scientists investigating ge-
nomes of many organisms accessible via Internet to all
interested researchers around the world. The future of
genomics can be seen in the application of its findings in
numerous sciences such as agronomy (agrogenomics),
pharmacology (pharmacogenomics), and especially
medicine (genomic medicine) 41.
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Two original articles in the field of sleep medicine published in 1932
and 1934 by the authors from the Faculty of Medicine in Belgrade
(on the occasion of the 90th anniversary of neuropsychiatric service in
Serbia)
Prikaz dva originalna rada iz oblasti spavanja nastala na Medicinskom fakultetu

u Beogradu 1932. i 1934. godine (povodom proslave 90. godišnjice osnivanja
neuropshijatrijske službe u Srbiji)

To the Editor:

Articles originating from the first part of the 20th centry
in the field of neurology and psychiatry by Serbian authors
preserved in original are rare. We present two articles written
by two Professors from the Faculty of Medicine in Belgrade,
Serbia, (Prof. Dr. Vladimir F. Vuji , 1932, and Prof. Dr.
Dimitrije T. Dimitrijevi , 1934) dealing with the problems in
sleep, a topic very popular in the first half of the past century.

Although their results are now a part of history, the idea
and methodology are still attractive. The article by Prof. Vu-
ji  presents original research dealing with the measurement
of pressure cerebrospinal liquor during sleep in patients with
different diagnoses with the idea that a single disease may
have a characteristic graph of a change in liquor pressure.
The paper by Prof. Dimitrijevi  reports a patient with narco-
lepsy indicating medical attitudes on narcolepsy in Serbia
prior to the Second World War.

There is only a small number of preserved original arti-
cles in the field of neurology and psychiatry, printed before
the Second World War by the Serbian medical doctors. We
present two of the articles. The first was written in 1932 by
Prof. Dr. Vladimir Vuji  from the University Clinic for
Mental and Nervous Diseases in Belgrade, titled “Sleep and
the liquor pressure. A contribution to the physiology and
pathology of sleep“ 1. The second article was written in 1934
by Dr. Dimitrije T. Dimitrijevi  from Belgrade, titled “Con-
tribution to the knowledge about traumatic narcolepsy” 2.
Both articles may be read or reprints taken from the History
Section of the Serbian Somnologic Society web site 3.

The author of the first article, Prof. Dr. Vladimir F. Vu-
ji , studied medicine in Paris and Prague. He finished the
specialization in neuropsychiatry in 1925 in Vienna as a stu-
dent of Prof. Dr. Julius Wagner Ritter von Jauregg, a Nobel
Prize winner in Physiology or Medicine in 1927. At the end
of the Second World War in 1945 as the first director of the
Neuropsychiatric Clinic, Prof. Dr. Laza Stanojevi  retired, he
became the Director and was immediately elected Vice Dean
of the Medical Faculty of Medicine. He also became a Full
Professor and head of the cathedras for neurology, psychiatry
and medical psychology (from 1945 to 1953).

Professor Dr. Vladimir F. Vuji  published in 1932 in
Vienna the article in German Language titled “Schlaf und
Liquordruck, Beitrag zur Physiologie und Pathologie des
Schlafes” (Figure 1) (the publisher was famous 'Verlag von
Julius Springer aus Wien'). The study was performed at the
University Clinic for Mental and Nervous Diseases, the di-
rector at that time being Prof. Dr. Laza Stanojevi  ('Univer-
sitätsklinik für Geistes – und Nervenkrankheiten; vorstand
Professor Dr. L. Stanojevi , Belgrade, Serbien'). It was
printed as a special issue on 16 pages, as a separate from the
first of the three volumes of the 49. of the Yearbook for Psy-
chiatry and Neurology (Sonderabdruck aus Heft 1/3, Band
49 der Jahrbücher für Psychiatrie und Neurologie) 1. The
text contains 20 tables with comments. Unfortunately, the
pages with the literature used by Prof. Vuji  in this article are
not preserved. Prof. Vuji  delivered oral presentation of the
same title in Vienna, on November 8, 1932.

Fig. 1 – Title page of Prof. Vladimir Vuji 's article published
in 1932.
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The introduction of his work on the pressure of cerebro-
spinal liquor Prof. Vuji  dedicated to at that time contempo-
rary meetings (reports at the International Neurologic Con-
gress in Paris in 1927) and the literature on the problem of
sleep (monograph “Sleep” of the Viennese authors from
1929; report of Hans Zweig in the “Zentralblatt für Neurolo-
gie und Psychiatrie” from 1931; report of Hess on the Yearly
Meeting of the Society for Biology in Paris in 1931). As the
most competent contemporaries in the field of sleep he
quoted von Ekonomo, Plötzl, Piéron and Legendre, Pavlov
and Hess “whose experience highly widened the knowledge
on sleep”. Starting from these points as the basis for his work
Prof. Vuji  quoted the oldest theories of sleep as 'circulatory'
and 'vasomotor'; they deal with oligemia and hyperemia, re-
spectively, of the brain during sleep. However, he cautiously
noted that “none of these theories are proved”.

Very cautiously Prof. Vuji  also states that “with this
exploration he does not expect to come closer to the central
problem of sleep“, however he wants to eventually clarify
circulatory nature and some other questions on sleep. In
methodology Prof. Vuji  states that the measurement of the
pressure of liquor was performed during wakefulness, falling
asleep, sleep and again in wakefulness, with patients in lying
position and administration of hypnotics. Professor Vuji ,
only four years after Hans Berger’s formal description of
human electroencephalography (EEG) 4 clearly states that he
did not want to disturb the “process of falling asleep and the
sleep depth”, implying that he considers sleep to be an active
process with a certain profile of development throughout the
night; it should be stressed that at that time the dual nature
non-repid eye movement (NREM) and rapid eye movement
(REM) as well as the depth (i.e., sleep stages) of sleep were
not known and were described 21 (by Aserinsky and Kleit-
man in 1953) 5 and 36 years (by Rechtschaffen and Kales in
1968) 6 later. Due to care for patients, attempted determina-
tion of the minimal liquor pressure with the Barany method
via hyperventilation was abandoned for three reasons. First,
the possibility that patients with epilepsy may provoke an
epileptic attack. Second, the pressure of the liquor at the end
of hyperventilation increases steeply. Third, demented pa-
tients could not perform that task. For induction of sleep he
used paraldehide and ampoules of Somnifen-Roche, while
“unfavorable” scopolamine in the form of Pantopon-
Scopolamon Roche was rarely used. To determine liquor
pressure he used a Claude’s manometer, including 105 pa-
tients, all males except for 3 females. The diagnoses were:
paralysis progressiva (33 patients), schizophrenia (13 pa-
tients), (erratic) imbecility (with epileptic attacks) (4 pa-
tients), encephalitis chronica (16 patients), catatonia chron-
ica, hydrocephalus (1 patient), epilepsy (29 patients), chorea
(1 patient), mild alcoholism, morbus Parkinsoni (1 patient),
catatonia, hysteria (3 patients). All measurements were per-
formed in the afternoons from 19 to 24 hours, with the help
of Dr. Ilija Gruji i , Assis. Prof. at the Physiology Unit. A
part of the article of Prof. Vuji  is missing and is preserved
only for the patients with progressive paralysis in whom, af-
ter falling asleep, an increase of 5 cm in liquor pressure was
observed.

The idea to measure the pressure of liquor was original
for that time. As Prof. Vuji  states, “if we throw away the re-
search with trephination”, there is only one article dealing
with the same problem, published in 1932 in the July issue of
the Archiv für Psychiatrie und Neurologie. Professor Vuji
says that “he tried to find a specific curve of the liquor pres-
sure change in wakefulness, falling asleep and sleep that
could be characteristic for each particular disease”.

It is impressive that Prof. Vuji  performed a scientific
work at the time when the field of sleep was very up-to-date.
This work was certainly pioneering since the book of Kleit-
man 7 and his seminal work with Aserinsky and Kleitman 5

were to appear only after a few decades. The idea to deter-
mine a specific graph of liquor pressure in a particular dis-
ease during wakefulness and sleep is original. Although to-
day the idea may look simple, it is original and was certainly
good to pursue. In respect to our short review the original ar-
ticle of Prof. Vuji  appeared 81 years ago.

A close collaborator of Prof. Dr. Laza Stanojevi , later
Prof. of Neuropsychiatry at the Faculty of Medicine in Sara-
jevo, Dr. Dimitrije T. Dimitrijevi  published a number of
studies. His “Neuroses with thalamopathic events“ 8 ap-
peared in 1953 on 98 pages; “Schisasthenia: psychopatho-
logic-clinical study“ 9 was published in 1954 on 52 pages;
“Hysteria as a neurodynamic problem” 10 was published in
1956 on 94 pages.

The article on a case with traumatic narcolepsy, fully
preserved to our days, was published in Serbian Language in
1934, titled “Contribution to the knowledge about traumatic
narcolepsy” 2. It appeared as a special print in Belgrade, in
the third volume of “Medical Review”, in March 1934 (Fig-
ure 2) (in Serbian and German, printed at that time by the

publishers from Belgrade-Zagreb-Ljubljana). The original
article was published in the printing shop “Economic Re-
view“ (Privredni pregled) located in 49 Dubljanska Street,
which was close to the then “General State Hospital”. The

Fig. 2 – Title page of Prof. Dimitrije T. Davidovi 's article
published in 1934.
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article bears a dedication to Dr. Savi  “as a token of care”.
The article was printed on 18 pages with an abstract in Ger-
man Language with 20 references most of which refer to the
works of great contemporaries as were Lhermitte in 1927,
Emil Redlich, C. Rosenthal, William Richard Gowers in
German from 1921 and IA Barre from 1928.

From this point of time, the article on narcolepsy by
Prof. Dimitrijevi  was published 79 years ago.

Professor Dimitrijevi  starts the article by listing the
principal facts unknown about narcolepsy: is narcolepsy only
a sleep disturbance or it encompass the loss of muscle tone
(cataplectic attacks), as initialy described by Jean Baptiste
Edouard Gélineau 11. The etiology of narcolepsy at the time
was unclear, ranging from the view that it is a neurosis to the
view that it is a disease sui generis. Traumatic narcolepsy is
described as immediate, born immediately after the injury, or
as tardive “at a time distance from traumatic causes whose
etiological relationship with the disease is sometimes diffi-
cult to prove”. He describes a case of a 51-year-old man who
was in a military exercise in Carinthia (Koruška) in 1919
who as a consequence of explosion of shells lost conscious-
ness for several minutes. Six years after the injury excessive
daytime sleepiness started at least four times a day (with no
loss of muscle tone), which he tried to cure with ephedrine
(which the patient, actually, did not take). Sleep attacks
spontaneously thinned and disappeared. The author rejects
the possibility of “idiopathic narcolepsy ... as it occurs in
other circumstances and in much younger people. Commo-
tion which the patient survived remains the only option for
an explanation of narcolepsy”. He also adds that “if epilep-
sies are given the opportunity to occur several years after the
injury, why it would not be the same case with narcolepsy, as
one part of narcolepsy undoubtedly belongs to the field of
epilepsy”. Professor Dimitrijevi  came to a conclusion that
vasospasm mechanism responsible for epilepsy must be, as
well, responsible for the development of narcolepsy. As a
“hypnic center” he names the subcortical regions of the III
ventricle in which violations of sympathetic centers lead to a
“vagal hypertonia” that dominates during sleep. The paper
concludes with the abstracts in German (“Beitrag zur
Kenntniss der traumatischen Narkolepsie”) and the refer-
ences of 20 contemporary units.

The paper by Prof. Dimitrijevic on posttraumatic nar-
colepsy has two characteristics. It shows a good knowledge
of the disease, as it was written at the time when a definitive
stand on the disease only emerged: Löewenfeld 12 only in
1902 introduced the term “cataplexy” for a sudden muscle
weakness caused by emotions, and in 1930, only 4 years be-
fore the work of Prof. Dimitrijevic, ephedrine (without any
clinical effect) and amphetamine were introduced in therapy.
Professor Dimitrijevic was familiar with the recent work of
von Economo's 13 (which was already published in English),
as quoted by, and accepts a new position on the localization
of injury in narcolepsy. On the other hand, the article sug-
gests a high competence of the author, but indirectly, also of
the entire generation of his colleagues.

After the Second World War the registering of sleep on
experimental animals was performed by academic Prof. Ve-
selinka Šusi  who in 1970 had her Ph.D. thesis in the field of
sleep 14, and in 1977 published the first book in Serbia on
sleep, entitled "Vigilance, sleep and dreaming" 15. First reg-
istration of polysomnography (PSG) was performed by Prof.
Dragoslav Ercegovac and Prof. Žarko Martinovi  who reg-
istered sleep in the afternoons from 1972 to 1974 16, and a
first whole-night polysomnography in 1978 and 1979 17.

Papers by Professors Vladimir F. Vuji  and Dimitrije T.
Dimitrijevi  provide a clear picture of the achievements of
Serbian neurology in the period between the two wars. The
first paper is original in the study of physiological changes in
the cerebrospinal fluid during wakefulness and sleep and the
other provides an excellent insight into the understanding of
the pathology and etiology of narcolepsy at the time that the
disease has taken on, which became the basis for further re-
search and development of the modern theory of narcolepsy.
Both studies were performed at the time when Europe and
America just released the first series of patients with narco-
lepsy (Addie 1926) 18, (Wilson, 1928) 19, (Daniels, 1934) 20,
i.e., at the time when the first textbook on sleep appeared
(Kleitman, 1939) 7.
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Knjiga „Neuronauke“, urednika profesorke dr sci
Milkice Neši , fiziologa i neuropsihijatra, nastala je u ok-
viru izbornog predmeta Neuronauke, koji je po ev od feb-
ruara 2007. godine, sadržan u programu Integrisanih aka-
demskih studija medicine Medicinskog fakultetu u Nišu.
Polazna ideja za njen nastanak inicirana je velikim intere-
sovanjem polaznika koji je, istovremeno entuzijazmom
predava a raznih oblasti i profila, prosto nametnuo potre-
bu za njenim štampanjem. Tokom uobli avanja kona nog
koncepta, pove avao se broj saradnika zainteresovanih da
iz svog profesionalnog domena daju doprinos temi, tako
da je u krajnjoj verziji nastala dragocena i kompetentna
knjiga o neuronaci, sagledanoj u svetlu fundamentalnih i
klini kih istraživanja.

Sadržaj rukopisa kroz više tematskih celina inte-
grativnim pristupom, u kome dominira uredni kim maj-
storstvom kreativno usaglašena multidisciplinarnost,
omogu ava itaocu da se prate i razli ite aspekte funk-
cionisanja nervnog sistema adekvatno i na savremen na-
in upozna i sa poreme ajem njegovih funkcija. Uvodni

deo knjige, kao dostojna najava uzbudljivih nau nih tek-
stova, sastoji se iz dva rada koji prikazuju istorijski raz-
voj neuronauke od pre naše ere do najmodernijih ten-
dencija, i podse aju na osnovne principe interakcije
strukturnih karakaterstika i funkcijskih mogu nosti cen-
tralnog nervnog sistema.

Ciljani tematski sadržaji nakon fundamentalnog uvi-
da u suštinsko „bi e“ neuronauke, demonstriranim savre-
menim informacijama iz anatomije, histologije, fiziologije
i biohemije, skladno se nadovezuju na primenjenu klini -
ku neuronauku, gde su prikazana aktuelna saznanja iz ne-
urologije, psihijatrije, farmakologije i neurohirurgije. U
knjizi je ovakav tematski redosled predstavljen deskrip-
cijom, slikom i šemama u pet poglavlja koja usmeravaju-
im naslovima i sadržajnom strukturom sama sebe najav-

ljuju: elijska i molekulska neuronauka, Vaskularizacija
nervnog sistema i poreme aji cirkulacije, Organizacija
senzornih sistema, Organizacija motornog sistema i Kog-
nitivna i afektivna neuronauka. U slobodnom izboru po-
ruka koje mogu poslužiti informativnoj nameni prikaza
knjige, napravljenim uglavnom slu ajnim izborom pomi-
njemo zna aj bioelektri nih odlika neurona i poreme aja
neuromiši ne transmisije, energetskog metabolizma, re-
gulacijskih mehanizama cirkulacije, povezanosti neurofi-
zioloških i neurohemijskih korelata sa bihevioralnom eks-
presijom anksioznosti i afektivnih poreme aja...

Knjiga „Neuronauke“ nudi fundamentalan i prime-
njeni koncept neuronauke, kroz koji se italac može kom-
petentno obavestiti o sveobuhvatnim pitanjima kojima se
neuronauka bavi. Zamišljena kao putokaz i u ilo studen-
tima osnovnih studija medicine, knjiga je ve  u samoj pri-
premi prevazišla svoju namenu i u kona noj verziji nudi
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dragoceno štivo specijalizantima i supspecijalistima iz
oblasti anatomije, fiziologije, neurologije i drugih grani -
nih oblasti. Na kraju, što je i glavna odlika rukopisa koji
ne završavaju svoj život u trenutnom izdanju, modernom
koncepcijom, koja neuronauku autenti no tretira kao di-
nami nu, propulzivnu oblast, koja se neprestano inovira,

„Neuronauka“ je otvorila nova pitanja i ostala otvorena za
budu a saznanja.

dr Jelena Kosti ,
Odeljenje de je i adolescentne psihijatrije,

Klinika za zaštitu mentalnog zdravlja
Klini ki Centar Niš
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UPUTSTVO AUTORIMA

Vojnosanitetski pregled (VSP) objavljuje radove koji ranije nisu nig-
de publikovani, niti predati za publikovanje redosledom koji odre uje
ure iva ki odbor. Prilikom prijave rada u sistem elektronskog ure iva-
nja „Vojnosanitetskog pregleda“ neophodno je priložiti izjavu da su is-
punjeni svi postavljeni tehni ki zahtevi uklju uju i i izjavu potpisanu od
strane svih autora da rad nije ranije ni u celini, niti delimi no objavljen
niti prihva en za štampanje u drugom asopisu. Izjava o pojedina nom
doprinosu autora mora biti potpisana od strane svakog autora rada, ske-
nirana i poslata uz rad kao dopunska datoteka. Tako e, autori su obave-
zni da dostave i potpisanu izjavu o nepostojanju sukoba interesa. Tim
postupkom svi autori postaju odgovorni za ispunjavanje svih postavlje-
nih uslova, emu sledi odluka o prihvatanju za dalji ure iva ki postupak.
Za objavljene radove VSP zadržava autorsko pravo. Primaju se radovi
napisani samo na engleskom jeziku.

Od 1. januara 2012. godine Vojnosanitetski pregled prešao je
na e-Ur: Elektronsko ure ivanje asopisa.

Svi korisnici sistema: autori, recezenti i urednici moraju biti regis-
trovani jednozna nom e-mail adresom. Registraciju je mogu e izvršiti
na adresi:

http://aseestant.ceon.rs/index.php
U VSP-u se objavljuju uvodnici, originalni lanci, prethodna ili

kratka saopštenja, revijski radovi tipa opšteg pregleda (uz uslov da
autori navo enjem najmanje 5 autocitata potvrde da su eksperti u oblasti
o kojoj pišu), aktuelne teme ili metaanalize, kazuistika, lanci iz isto-
rije medicine, li ni stavovi, naru eni komentari, pisma uredništvu, izve-
štaji sa nau nih i stru nih skupova, prikazi knjiga, referati iz nau ne i
stru ne literature i drugi prilozi. Radovi tipa originalnih lanaka, pretho-
dnih ili kratkih saopštenja, metaanalize i kazuistike objavljuju se uz ap-
strakte na srpskom i engleskom jeziku.

Rukopis se piše sa proredom 1,5 sa levom marginom od 4 cm. Koris-
titi font veli ine 12, a na elno izbegavati upotrebu bold i italic slova, koja
su rezervisana za podnaslove. Originalni lanci, opšti pregledi i metaanali-
ze ne smeju prelaziti 16 stranica (sa prilozima); aktuelne teme – osam, ka-
zuistika – šest, prethodna saopštenja – pet, a pisma uredniku, izveštaji sa
skupova i prikazi knjiga – dve stranice.

U celom radu obavezno je koriš enje me unarodnog sistema mera
(SI) i standardnih me unarodno prihva enih termina.

Za obradu teksta koristiti program Word for Windows verzije 97,
2000, XP ili 2003. Za izradu grafi kih priloga koristiti standardne gra-
fi ke programe za Windows, poželjno iz programskog paketa Micro-
soft Office (Excel, Word Graph). Kod kompjuterske izrade grafika
izbegavati upotrebu boja i sen enja pozadine.

Prispeli radovi kao anonimni podležu ure iva koj obradi i recenziji
najmanje dva urednika/recenzenta. Primedbe i sugestije uredni-
ka/recenzenata dostavljaju se autoru radi kona nog oblikovanja. Pre ob-
jave, rad se upu uje koresponding autoru na kona nu saglasnost.

Priprema rada
Delovi rada su: naslovna strana, apstrakt sa klju nim re ima,

tekst i literatura.
1. Naslovna strana
a) Naslov treba da bude kratak, jasan i informativan i da odgovara

sadržaju rada. Podnaslove treba izbegavati.
b) Ispisuju se puna imena i prezimena autora.
c) Navode se puni nazivi ustanove i organizacijske jedinice u kojima

je rad obavljen i mesta u kojima se ustanove nalaze, sa jasnim obeleža-
vanjem odakle je autor, koriste i standardne znake za fus-note.

2. Apstrakt i klju ne re i
Na drugoj stranici nalazi se strukturisani apstrakt sa naslovom rada.

Kratkim re enicama na srpskom i engleskom jeziku iznosi se uvod i
cilj rada, osnovne procedure - metode (izbor ispitanika ili laboratorij-
skih životinja; metode posmatranja i analize), glavni nalazi - rezultati
(konkretni podaci i njihova statisti ka zna ajnost) i glavni zaklju ak.
Naglasiti nove i zna ajne aspekte studije ili zapažanja. Strukturisani
apstrakt (250 re i) ima podnaslove: uvod/cilj, metode, rezultati i zak-
lju ak. Za apstrakte na engleskom dozvoljeno je i do 450 re i. Struk-
turisani apstrakt je obavezan za metaanalize (istog obima kao i za ori-
ginalne lanke) i kazuistiku (do 150 re i, sa podnaslovima uvod, pri-
kaz slu aja i zaklju ak). Ispod apstrakta, pod podnaslovom „Klju ne
re i“ predložiti 3–10 klju nih re i ili kratkih izraza koji oslikavaju sa-
držinu lanka.

3. Tekst lanka
Tekst sadrži slede a poglavlja: uvod, metode, rezultate i diskusiju.

Zaklju ak može da bude posebno poglavlje ili se iznosi u poslednjem
pasusu diskusije. U uvodu ponovo napisati naslov rada, bez navo enja

autora. Navesti hipotezu (ukoliko je ima) i ciljeve rada. Ukratko izneti
razloge za studiju ili posmatranje. Navesti samo strogo relevantne po-
datke iz literature i ne iznositi opširna razmatranja o predmetu rada, kao
ni podatke ili zaklju ke iz rada o kome se izveštava.

Metode. Jasno opisati izbor metoda posmatranja ili eksperimentnih
metoda (ispitanici ili eksperimentne životinje, uklju uju i kontrolne).
Identifikovati metode, aparaturu (ime i adresa proizvo a a u zagradi) i
proceduru, dovoljno detaljno da se drugim autorima omogu i reproduk-
cija rezultata. Navesti podatke iz literature za uhodane metode, uklju u-
ju i i statisti ke. Ta no identifikovati sve primenjene lekove i hemika-
lije, uklju uju i generi ko ime, doze i na ine davanja. Za ispitivanja na
ljudima i životinjama navesti saglasnost eti kog komiteta.

Rezultate prikazati logi kim redosledom u tekstu, tabelama i ilustra-
cijama. U tekstu naglasiti ili sumirati samo zna ajna zapažanja.

U diskusiji naglasiti nove i zna ajne aspekte studije i izvedene zak-
lju ke. Posmatranja dovesti u vezu sa drugim relevantnim studijama, u
na elu iz poslednje tri godine, a samo izuzetno i starijim. Povezati zak-
lju ke sa ciljevima rada, ali izbegavati nesumnjive tvrdnje i one zaklju -
ke koje podaci iz rada ne podržavaju u potpunosti.

Literatura
Literatura se u radu citira kao superskript, a popisuje rednim broje-

vima pod kojima se citat pojavljuje u tekstu. Navode se svi autori, ali
ako broj prelazi šest, n a v o d i  s e  p r v i h  š e s t  i  dodaje et
al. Svi podaci o citiranoj literaturi moraju biti t a n i . Literatura se u
celini citira na engleskom jeziku, a iza naslova se navodi jezik lanka u
zagradi. Ne prihvata se citiranje apstrakata, sekundarnih publikacija,
usmenih saopštenja, neobjavljenih radova, službenih i poverljivih do-
kumenata. Radovi koji su prihva eni za štampu, ali još nisu objavljeni,
navode se uz dodatak „u štampi“. Rukopisi koji su predati, ali još nisu
prihva eni za štampu, u tekstu se citiraju kao „neobjavljeni podaci“ (u
zagradi). Podaci sa Interneta citiraju se uz navo enje datuma.

Primeri referenci:
urovi  BM. Endothelial trauma in the surgery of cataract. Vojno-

sanit Pregl 2004; 61(5): 491–7. (Serbian)
Balint B. From the haemotherapy to the haemomodulation. Beo-

grad: Zavod za udžbenike i nastavna sredstva; 2001. (Serbian)
Mladenovi  T, Kandolf L, Mijuškovi  ŽP. Lasers in dermatology. In:

Karadagli  , editor. Dermatology. Beograd: Vojnoizdava ki zavod &
Verzal Press; 2000. p. 1437–49. (Serbian)

Christensen S, Oppacher F. An analysis of Koza's computational ef-
fort statistic for genetic programming. In: Foster JA, Lutton E, Miller J,
Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002:
Proceedings of the 5th European Conference on Genetic Programming;
2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer; 2002. p. 182-91.

Abood S. Quality improvement initiative in nursing homes: the
ANA acts in an advisory role. Am J Nurs [serial on the Internet]. 2002
Jun [cited 2002 Aug 12]; 102(6): [about 3 p.]. Available from:
http://www.nursingworld.org/AJN/2002/june/Wawatch.htm

Tabele
Sve tabele pripremaju se sa proredom 1,5 na posebnom listu. Obele-

žavaju se arapskim brojevima, redosledom pojavljivanja, u desnom uglu
(Tabela 1), a svakoj se daje kratak naslov. Objašnjenja se daju u fus-
noti, ne u zaglavlju. Za fus-notu koristiti slede e simbole ovim redosle-
dom: *, †, ‡, §, ||, ¶, **, ††, ... . Svaka tabela mora da se pomene u tek-
stu. Ako se koriste tu i podaci, obavezno ih navesti kao i svaki drugi po-
datak iz literature.

Ilustracije
Slikama se zovu svi oblici grafi kih priloga i predaju se kao dopun-

ske datoteke u sistemu aseestant. Slova, brojevi i simboli treba da su ja-
sni i ujedna eni, a dovoljne veli ine da prilikom umanjivanja budu it-
ljivi. Slike treba da budu jasne i obeležene brojevima, onim redom kojim
se navode u tekstu (Sl. 1; Sl. 2 itd.). Ukoliko je slika ve  negde objav-
ljena, obavezno citirati izvor.

Legende za ilustracije pisati na posebnom listu, koriste i arapske
brojeve. Ukoliko se koriste simboli, strelice, brojevi ili slova za ob-
jašnjavanje pojedinog dela ilustracije, svaki pojedina no treba objasniti
u legendi. Za fotomikrografije navesti metod bojenja i podatak o uve a-
nju.

Skra enice i simboli
Koristiti samo standardne skra enice, izuzev u naslovu i apstraktu.

Pun naziv sa skra enicom u zagradi treba dati kod prvog pominjanja u
tekstu.

Detaljno uputstvo može se dobiti u redakciji ili na sajtu:
www.vma.mod.gov.rs/vsp/download/uputstvo_za_autore.pdf.
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INSTRUCTIONS TO AUTHORS

Vojnosanitetski pregled (VSP) publishes only not previously pub-
lished nor submitted papers in any other journals in the order deter-
mined by the Editorial Board. The following should be enclosed with
the manuscript: a statement that the paper has not been submitted or
accepted for publication elsewhere, a statement specifiing the actual
contribution of each co-coautor, a consent signed by all the authors
that the paper could be submitted; the name, exact address, phone
number, and e-mail address of the first author and co-authors. VSP re-
serves all copyrights.

From January 1, 2012 the Vojnosanitetski pregled has been edited
using the service e-Ur: Electronic Journal Editing.

All users of the system: authors, editors and reviewrs have to be
registrated users with only one e-mail address.  Registration should
be made on the web-address:

http://scindeks-eur.ceon.rs/index.php/vsp

VSP publishes: editorials, original articles, short communications,
reviews/meta-analyses, case reports, from the medical history (general
or military), personal views, invited comments, letters to the editor, reports
from scientific meetings, book reviews, extensive abstracts of interesting
articles from foreign language journals, and other contributions. Original
articles, short communications, meta-analyses and case reports are pub-
lished with abstracts in both English and Serbian.

General review papers will be accepted by the Editorial Board only if
the authors prove themselves as the experts in the fields they write on by
citing not less than 5 self-citations.

Papers should be written on IBM-compatible PC, using 12 pt font, and
double spacing, with at least 4 cm left margin. Bold and italic letters
should be avoided. Observational and experimental articles, reviews and
meta-analyses, should not exceed 16 pages (including tables and illus-
trations); case reports – 6; short communications – 5; letters to the Edi-
tor, reports on scientific meetings and book reviews – 2.

All measurements should be reported in the metric system in
terms of the International System of Units (SI). Standard, interna-
tionally accepted terms should be used.

MS Word for Windows (97, 2000, XP, 2003) is recommended for
word processing; other programs are to be used only exceptionally. Il-
lustrations should be made using standard Windows programs. Avoid
the use of colors in graphs.

Papers are reviewed anonymously by at least two editors and/or in-
vited reviewers. Remarks and suggestions are sent to the author for final
composition. Galley proofs are sent to the first author for corrections
that should be returned within 3 days. Manuscripts accepted for publica-
tion are not being returned.

Preparation of manuscript
Parts of the manuscript are: Title page; Abstract with key words;

Text; References.
1. Title page
a) The title should be concise but informative. Subheadings should be

avoided;
b) Full name of each author;
c) Name and place of department(s) and institution(s) of affiliation,

clearly marked by standard footnote signs.
2. Abstract and key words
The second page should carry a structured abstract with the title for

original articles, metanalyses and case reports. The abstract should state
the purposes of the study or investigation, basic procedures (selection of
study subjects or laboratory animals; observational and analytical meth-
ods), main findings (giving specific data and their statistical signifi-
cance, if possible), and the principal conclusions. It should emphasize
new and important aspects of the study or observations. S t r u c -
t u r e d  abstract should contain typical subtitles: background/aim,
methods, results and conclusion. The abstract for metaanalyses and obr-
ginal papers should have up to 450 words, and up to 150 words for case
reports (with subtitles background, case report, conclusion). Below the
abstract authors should provide, and identify as such, 3–10 key words or
short phrases that will assist indexers in cross-indexing the article and
will be published with the abstract.

3. Text
The text of original articles is divided into sections with the headings:

Introduction, Methods, Results, and Discussion. Long articles may
need subheadings within some sections to clarify their content.

In the Introduction repeat the title of the article, excluding the names
of authors. State the purpose of the article and summarize the rationale
for the study or observation. Give only strictly pertinent references and
do not include data or conclusions from the work being reported.

Methods. Describe your selection of the observational or experimen-
tal subjects (patients or experimental animals, including controls)
clearly. Identify the methods, apparatus (manufacturer's name and ad-
dress in parentheses), and procedures in sufficient detail to allow other
workers to reproduce the results. Give references to established meth-
ods, including statistical methods. Identify precisely all drugs and
chemicals used, with generic name(s), dose(s), and route(s) of admini-
stration. State the approvement of the Ethnics Committe for the tests in
humans and enimals.

Results should be presented in logical sequence in the text, tables and
illustrations. Emphasize or summarize only important observations.

Discussion is to emphasize the new and important aspects of the study
and the conclusions that result from them. Relate the observations to
other relevant studies. Link the conclusions with the goals of the study,
but avoid unqualified statements and conclusions not completely sup-
ported by your data.

References
References should be superscripted and numbered consecutively in the

order in which they are first mentioned in the text. The references must
be verified by the author(s) against the original document. List all
authors, but if the number exceeds 6, give 6 followed by et al. Do not
use abstracts, secondary publications, oral communications, unpublished
papers, official and classified documents. References to papers accepted
but not yet published should be designated as ”in press“.  Information
from manuscripts not yet accepted should be cited in the text as ”unpub-
lished observations“. References are cited according to the International
Committee of Medical Journal Editors. Uniform Requirements for
Manuscripts Submitted to Biomedical Journals. Ann Intern Med 1997;
126: 36–47. Updated October 2001.

Examples of references:
Jurhar-Pavlova M, Petlichkovski A, TrajkovD, Efinska-Mladenovska O,
Arsov T, Strezova A, et al. Influence of the elevated ambient temperature
on immunoglobulin G and immunoglobulin G subclasses in sera of
Wistar rats. Vojnosanit Pregl 2003; 60(6): 657–612.

DiMaio VJ. Forensic Pathology. 2nd ed. Boca Raton: CRC Press; 2001.
Blinder MA. Anemia and Transfusion Therapy. In: Ahya NS, Flood K,
Paranjothi S, editors. The Washington Manual of Medical Therapeutics, 30th
edition. Boston: Lippincot, Williams and Wilkins; 2001. p. 413-28.
Christensen S, Oppacher F. An analysis of Koza's computational effort
statistic for genetic programming. In: Foster JA, Lutton E, Miller J,
Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002:
Proceedings of the 5th European Conference on Genetic Programming;
2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer; 2002. p. 182-91.
Abood S. Quality improvement initiative in nursing homes: the ANA
acts in an advisory role. Am J Nurs [serial on the Internet]. 2002 Jun
[cited 2002 Aug 12]; 102(6): [about 3 p.]. Available from:
http://www.nursingworld.org/AJN/2002/june/Wawatch.htm

Tables
Each table should typed double-spaced on a separate sheet, numbered

in the order of their first citation in the text in the upper right corner and
supplied with a brief title each. Explanatory notes are printed under a ta-
ble, using the following symbols, in this sequence: *, †, ‡, §, ||, ¶, **, ††,
... .  Each table has to be mentioned in the text. If you use data from an-
other source, acknowledge fully.

Illustrations
Figures are submitted as photos which should be sharp. Letters, num-

bers, and symbols should be clear and even throughout and of sufficient
size that when reduced for publication, each item will still be legible.
Each figure should have a label on its back indicating the number of the
figure, author's name, and top of the figure. If a figure has been pub-
lished, acknowledge the original source.

Legends for illustrations are typed on a separate page, with arabic nu-
merals corresponding to the illustrations. Identify and explain each one
clearly in the legend symbols, arrows, numbers, or letters used to iden-
tify parts of the illustrations. Explain the method of staining in photomi-
crographs.

Abbreviations and symbols
Use only standard abbreviations. Avoid abbreviations in the title and

abstracts. The full term for which an abbreviation stands should precede
its first use in the text.

Detailed Instructions are available at the web site:
www.vma.mod.gov.rs/vsp/download/instructions_to_authors.pdf.
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