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Since 1992 the International Day of Disabled Persons has been marked
on December 3 with aims to promote an understanding of disability is-
sues and mobilize support for the dignity, rights and well-being of per-
sons with disabilities. It also seeks to increase awareness of the need and
gains to be derived from the integration of persons with disabilities in
every aspect of political, social, economic and cultural life.
The theme of this year's commemoration is: “Sustainable Development:
The Promise of Technology” emphasizing the power of technology to
achieve the full and equal participation of persons with disabilities in so-
ciety and shape the future of sustainable development for all.

Od 1992. godine, 3. decembra svake godine obeležava se Me unarodni
dan osoba sa posebnim potrebama, sa ciljem isticanja njihovih problema
i potreba i obezbe enja podrške za ostvarenje njihovih prava, dostojans-
tva i dobrobiti. Tako e, cilj je podizanje svesti o neophodnosti i društve-
noj koristi od integracije osoba sa posebnim potrebama u sve aspekte
politi kog, društvenog, privrednog i kulturnog života.
Tema ovogodišnjeg obeležavanja Me unarodnog dana osoba sa poseb-
nim potrebama jeste: „Održivi razvoj: obe anje tehnologije“. Akcent je
stavljen na mogu nosti koriš enja tehnoloških dostignu a u ostvarivanju
punog i ravnopravnog uklju enja osoba sa posebnim potrebama u sve
društvene tokove i oblikovanje budu nosti održivog razvoja za sve.



Poštovani autori, urednici, recenzenti i itaoci Vojnosanitetskog pregleda,

Opraštaju i se od 2014. godine u kojoj smo proslavili 70. ro endan našeg asopisa,
zahvaljujem vam na plodnoj saradnji i podršci uz želje da nam nastupaju a 2015.
godina bude u svemu još bolja i uspešnija!

SRE NA NOVA GODINA I BOŽI NI PRAZNICI!

Srda no,
prof. dr Silva Dobri

Dear Authors, Editors, Peer Reviewers, Readers of the Vojnosanitetski pregled,

On saying farewell to 2014 in which we celebrated the 70th anniversary of our
Journal, I thank you for our fruitful cooperation and support with my best wishes
that the coming New Year 2015 be even better and more successful at everything!

MERRY CHRISTMAS AND A HAPPY NEW YEAR!

Cordially,
Prof. Dr. Silva Dobri

Editor-in-Chief



VOJNOSANITETSKI PREGLED

VOJNOMEDICINSKA AKADEMIJA

Crnotravska 17, 11040 Beograd, Srbija
Tel/faks: +381 11 2669689
vsp@vma.mod.gov.rs
vmavsp@hotmail.com

Poziv za reklamiranje u 2015. godini

U prilici smo da vam ponudimo mogu nost oglašavanja i reklamiranja proizvoda i usluga u asopisu

„Vojnosanitetski pregled“ (VSP). To je sigurno najbolji vid i najzastupljeniji na in upoznavanja

eventualnih korisnika sa vašim uslugama i proizvodima.

asopis „Vojnosanitetski pregled“, zvani ni organ lekara i farmaceuta Vojske Srbije, nau no-

stru nog je karaktera i objavljuje radove iz svih oblasti medicine, stomatologije i farmacije. Radove

ravnopravno objavljuju stru njaci iz vojnih i civilnih ustanova i iz inostranstva. Štampa se na srpskom i

engleskom jeziku. asopis izlazi neprekidno od 1944. godine do sada. Jedini je asopis u zemlji koji izlazi

mese no (12 brojeva), na oko 100 strana A4 formata, a povremeno se objavljuju i tematski dodaci

(suplementi). Putem razmene ili pretplate VSP se šalje u 23 zemlje sveta. Radove objavljene u VSP-u

indeksiraju: Science Citation Index Expanded (SCIE), Journal Citation Reports/Science Edition, Index Medicus

(Medline), Excerpta Medica (EMBASE), EBSCO (preko ove baze VSP je dostupan on line od 2002. godine u

pdf formatu) i Biomedicina Serbica.

Cene reklama i oglasa u asopisu „Vojnosanitetski pregled“ u 2015. godini su:

1. Oglas u crno-beloj tehnici A4 formata za jedan broj 20 000,00 dinara
2. Oglas u c/b tehnici A4 formata za celu godinu (11-12 brojeva) 200 000,00 dinara
3. Oglas u boji A4 formata za jedan broj 35 000,00 dinara
4. Oglas u boji A4 formata za celu godinu (11-12 brojeva) 330 000,00 dinara
5. Oglas u boji na koricama K3 za jedan broj 50 000,00 dinara
6. Oglas u boji na koricama K3 za celu godinu (11-12 brojeva) 455 000,00 dinara
7. Oglas u boji na koricama K2 i K4 za jedan broj 55 000,00 dinara
8. Oglas u boji na koricama K2 i K4 za celu godinu (11-12 brojeva) 530 000,00 dinara

Za sva obaveštenja, uputstva i ponude obratiti se redakciji asopisa „Vojnosanitetski pregled“.

Sredstva se upla uju na žiro ra un kod Uprave javnih pla anja u Beogradu broj: 840-941621-02  VMA (za

Vojnosanitetski pregled ili za VSP), PIB 102116082. Uplatnicu (dokaz o uplati) dostaviti li no ili poštom

(pismom, faksom, e-mail-om) na adresu: Vojnosanitetski pregled, Crnotravska 17, 11000 Beograd; tel/faks:

011 2669 689, e-mail: vsp@vma.mod.gov.rs



Vojnosanit Pregl 2014; 71(12): 1097–1101. VOJNOSANITETSKI PREGLED Strana 1097

Correspondence to: Branislav V. Bajkin, Dental Clinic of Vojvodina, Faculty of Medicine, University of Novi Sad, Hajduk Veljkova 12,
21 000 Novi Sad, Serbia. Phone: +381 62770665; fax: +381 21526120. E-mail: bajkinb@eunet.rs

O R I G I N A L  A R T I C L E S UDC: 616.314-089.87-005.1-08
DOI: 10.2298/VSP1412097B

Comparison of efficacy of local hemostatic modalities in
anticoagulated patients undergoing tooth extractions

Pore enje efikasnosti razli itih metoda lokalne hemostaze kod pacijenata na
oralnoj antikoagulantnoj terapiji posle ekstrakcije zuba

Branislav V. Bajkin, Sre ko D. Selakovi , Siniša M. Mirkovi , Ivan N. Šar ev,
Ana J. Tadi , Bojana R. Mileki

Dental Clinic of Vojvodina, Faculty of Medicine, University of Novi Sad,
Novi Sad, Serbia

Abstract

Background/Aim. Patients receiving long-term oral anti-
coagulant therapy pose a clinical challenge during invasive
dental procedures. The goal of this study was to compare
different local hemostatic modalities after tooth extraction
in patients receiving chronic Vitamin-K antagonist ther-
apy. Methods. Totally 90 patients with International
Normalized Ratio (INR)  3.0 requiring simple extraction
of one or two teeth were randomized into three groups, 30
patients in each group. The patients with the mean INR
value of 2.35 ± 0.37, in whom extraction wound was su-
tured comprised the group A. In the group B with the
mean INR of 2.43 ± 0.4, local hemostasis was achieved by
placing absorbable gelatin sponges into the wound without
suturing. The group C consisted of the patients with the
mean INR of 2.36 ± 0.34 in whom neither gelatin sponge
nor suturing were used for providing local hemostasis.
Bleeding was registered as an event if other than initial
hemostatic measure was needed or additional oral surgeon
intervention required. Results. The obtainded results
show that 1 (3.3%) patient in the group A, 2 (6.7%) pa-
tients in the groups B and C manifested post-extraction
bleeding. All cases of hemorrhage were easily solved with
local hemostatic measures and all, except one case, were
registered in the first two hours after the procedure until
the dismissal. A difference between the groups was not
statistically significant ( 2 = .42, p > 0.05). Conclusion. In
therapeutically anticoagulated patients tooth extractions
can be safely performed without altering the dose of anti-
coagulant medication if efficient local hemostasis is pro-
vided. In most cases, in patients with INR  3.0 after ex-
traction of one or two teeth postoperative bleeding can be
controlled with local pressure, without any additional local
hemostatic measures.

Key words:
tooth extraction; antiacoagulants; administration, oral;
drug therapy; hemostasis.

Apstrakt

Uvod/Cilj. Pacijenti koji duže vremena primaju antikoagu-
lantnu terapiju predstavljaju poseban izazov prilikom invaziv-
nih dentalnih procedura. Cilj rada bio je da se uporede razli -
ite metode lokalne hemostaze kod pacijenata na oralnoj an-
tikoagulatnoj terapiji nakon ekstrakcije zuba. Metode. Uk-
upno 90 pacijenata na oralnoj antikoagulantnoj terapiji sa In-
ternational Normalized Ratio (INR) vrednostima  3,0 kojima je
bila potrebna ekstrakcija jednog ili dva zuba, bilo je podeljeno
u tri grupe, po 30 ispitanika u svakoj grupi, zavisno od pri-
menjenog metoda lokalne hemostaze. Grupu A inili su
pacijenti ija je ekstrakciona rana ušivena, a zabeležena
prose na INR vrednost u ovoj grupi iznosila je 2,35 ± 0,37. U
grupi B za postizanje lokalne hemostaze u ekstrakcionu ranu
su postavljani resorptivni želatinski sun eri, bez ušivanja.
Prose na INR vrednost u ovoj grupi iznosila je 2,43 ± 0,4. U
grupi C (pacijenti sa prose nom INR vrednoš u 2,36 ± 0,34)
posle ekstrakcije zuba nisu korišteni ni lokalni hemostatici,
niti je rana ušivana. Produženo postekstrakcijsko krvarenje
definisano je kao doga aj u slu aju da po etne mere hemo-
staze nisu bile dovoljne ili je bila potrebna dodatna oralnohi-
rurška intervencija. Rezultati. Kod 1 (3,3%) pacijenta u grupi
A i po 2 (6,7%) pacijenta u grupi B i grupi C javilo se produ-
ženo postekstrakcijsko krvarenje. Nije utvr eno postojanje
statisti ki zna ajne razlike u u estalosti krvarenja po grupama
( ² = .42; p > 0.05). Svi pacijenti sa produženim krvarenjem
bez poteško a zbrinuti su merama lokalne hemostaze i svi su,
izuzev jednog, registrovani u prva dva asa nakon interven-
cije. Zaklju ak. Kod pacijenata na oralnoj antikoagulantnoj
terapiji mogu e je bezbedno izvršiti ekstrakciju zuba bez iz-
mene terapijskog režima uz primenu adekvatnih mera lokalne
hemostaze. Kod pacijenata sa INR  3,0 nakon jednostavnih
ekstrakcija zuba kompresija rane gazom u ve ini slu ajeva
dovoljna je mera za postizanje lokalne hemostaze.

Klju ne re i:
zub, ekstrakcija; antikoagulansi; oralna primena;
le enje lekovima; hemostaza.
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Introduction

Patients receiving long-term oral anticoagulant therapy
(OAT) pose a clinical challenge during invasive dental pro-
cedures. The important question is whether to continue,
modify or interrupt OAT before dental treatment. Cessation
or reduction of anticoagulant intake for several days prior to
dental procedure may expose these patients to the risk of
thromboembolism 1, especially in high risk patients, i.e.
those with artificial heart valves and atrial fibrillation with
related risk factors. An increasing number of authors state
that tooth extraction in anticoagulated patients within the
therapeutic International Normalized Ratio (INR) values
(INR  4.0) can be safely done without changing OAT regi-
men if using local hemostatic measures which stabilize or
enhance clot formation at the surgical site 2–19. Hemostatic
agents used for bleeding control in patients on OAT are: oxi-
dized cellulose 2–7, absorbable gelatin sponges 5–8, absorbable
collagen sponges 9, 19, fibrin glue 10, cyanoacrylate glue 11,
platelet rich plasma gel 12 and topical thrombin 17. The im-
portance of antifibrinolytic solutions for mouthwash in post-
extractional bleeding prevention has also been noted in sev-
eral articles 4, 20. None of these hemostatic agents has been
proved to be superior compared to others 21–23.

The aim of this study was to compare some local hemo-
static modalities in anticoagulated patients without interrup-
tion of OAT, including a group of patients in whom local
hemostatic agents were not used.

Methods

The study was initiated after it had been approved by
local Ethics Committee and all study participants were pro-
vided with a written informed consent. The study lasted for
ten months and included patients on OAT who were referred
to the Department of Oral Surgery, Dental Clinic of Vo-
jvodina by their general dental or medical practitioners in the
need for tooth extractions.

The study included patients on long-term OAT whose
INR was   3.0 on the day of the procedure and in whom ex-
traction of one or two teeth could be done using local anes-
thesia without the need to raise a mucoperiosteal flap. The
following patient categories were excluded from the study:
patients with liver disease or bleeding disorders, patients
taking medications that affect hemostasis, patients with se-
vere bleeding after dental extractions even before starting
OAT and patients who did not agree to participate in the in-
vestigation.

During a patient’s first visit, retroalveolar or ortopan-
thomographic x-ray and fulfilling of the standard form on the
basis of a patient’s prior medical documentation were done.
The underlying diagnosis which was the reason for starting
OAT was noted, as well as the duration of OAT, type and
dosage of oral anticoagulant used, recent INR values and
every other medication a patient had been using.

The first 30 patients were randomized in the group A,
next 30 patients into the group B and the remaining 30 pa-
tients comprised the group C. The INR value was determined

for each patient on the day of the procedure. Antibiotic pro-
phylaxis was given for patients at risk of endocarditis in ac-
cordance with the American Heart Association guidelines 24.

Group A patients underwent suturing of the extractional
wound with “figure of eight“ nonresorbable suture (black
silk 3–0) without using of any local hemostatic agent. In
group B absorbable gelatin sponge was used as local hemo-
static agent without wound suturing. In the group C no addi-
tional local hemostatic measures were used, except local
pressure with gauze.

All extractions were done by the same surgeon, on an
outpatient basis. Lidocaine hydrochloride 2% with 1/80,000
adrenaline was used as local anesthetic. Local infiltration
method and intraligamentary anesthesia were mostly used,
although regional blocks of the inferior alveolar and lingual
nerve were also used 25. Extractions were as atraumatic as
possible. Local pressure was applied in the patients of all the
three groups afterwards, i.e. the patients were asked to hold
sterile gauze in a firm bite for thirty minutes. The patients
were observed for the next two hours. The first measure in
case of post-extraction bleeding was a superficial gauze tam-
ponade of the wound for ten minutes. This was repeated, if
needed, twice at the most. It was planned, in cases of unsuc-
cessful superficial gauze tamponade in the patients of the
group A, to put a hemostatic agent, gelatin sponge, into the
wound along with suturing, while in the same situation in the
group B the wound would be sutured. In the group C the in-
sertion of gelatine sponge was to be the first measure after
which suturing of the wound would be done if necessary.
Repeated hemorrhage in all the three groups of patients
would be treated by insertion of a new hemostatic agent –
oxidized regenerated cellulose into the wound. Should there
be hemorrhage that could not be controlled with repeated lo-
cal measure, the attending physician would be consulted, and
if needed vitamin K or fresh frozen plasma would be admin-
istered.

All the patients were advised to continue OAT after the
procedure. Paracetamol was suggested for pain relief. Each
patient was given a telephone number to contact the surgeon
in case of hemorrhage.

All the subjects were examined thirty minutes, two
hours, on the first, second and fifth day after the extraction,
when sutures in the patients in the group A were removed.
The hemorrhage was registered as an event if other than ini-
tial local hemostatic measure was needed or an additional
oral surgeon intervention was required. Hemorrhages that
occurred in the first two hours after the procedure, i.e. during
the observational period until the dismissal of the patient
were characterized as “immediate bleeding”. Hemorrhages
after this period were considered as “late bleeding”.

Data were analyzed using 2-test and analysis of vari-
ance (ANOVA) as appropriate, and the probabilities of less
than 0.05 were accepted as significant.

Results

Initially, 98 patients fulfilled criteria to participate. Six
patients who did not come to control examinations were ex-
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cluded, but were contacted by telephone to exclude postex-
tractional hemorrhage. Two patients who were on combined
oral anticoagulant and aspirin therapy were also excluded.
Finally, the study included 90 patients, 30 in each group. In-
dications for OAT are shown in the Table 1.

The mean INR values on the day of procedures were
2.35 ± 0.37 in the group A, 2.43 ± 0.4 in the group B and
2.36 ± 0.34 in the group C. The most common anticoagulant
drug in all the three patient groups was acenocoumarol (28,
26 and 28 patients in the group A, B and C, respectively). All
the other patients were taking warfarin. Basic characteristics
of all the three groups of patients are shown in Table 2. The
groups did not differ significantly in INR-values (p = 0.662),
number of tooth extractions (p = 0.708), gender (p = 0.543)
and age (p = 0.868).

Postoperative bleeding was noted in 1 (3.3%) patient in
the group A, and 2 (6.7%) patients in the groups B and C
(Table 2). Except one patient in the group B with “late
bleeding”, which occurred several hours after the interven-
tion and whose wound had to be sutured, all the other cases
of postextractional bleeding were noted in the first two hours
after the procedure and characterized as “immediate bleed-
ing”. All cases of hemorrhage were easily solved only with

local hemostatic measures and none of the patients had seri-
ous bleeding that would require systemic therapy. No statis-
tically significant difference between these two groups of
patients was found ( 2 = .42; p = 0.811).

Discussion

Most authors suggest that the vast majority of oral sur-
gical procedures in anticoagulated patients can be safely
done without alteration of their regular OAT, thus avoiding
the risk of thromboembolic complications 1–20. The need for
efficient local hemostasis is emphasized. Local hemostatic
measures usually mean the use of certain hemostatic agent
such as oxidized regenerated cellulose, gelatine sponges,
collagen sponges, fibrin glue and antifibrinolytic mouthwash.

Studies that compare different local hemostatic measures do
not confirm advantages of certain agents 21–23. Nevertheless,
having in mind limited possibilities in the use of some prepa-
rations (such as fibrin glue since it costs a lot and carries the
risk of viral transmission; tranexamic acid in the form of
mouthwash is not available commercially in many countries
and may have an effect only on the superficial clot and not
on bleeding from the depth of the socket), there is still a need

Table 1
Indications for anticoagulant treatment

Indications Group A
(n)

Group B
(n)

Group C
(n)

Prosthetic valve replacement 11 4 7
Cardiac arrhythmia (atrial fibrillation) 6 14 11
Atrial fibrillation and valvular diseases 3 2 1
Atrial fibrillation and  cerebrovascular accident 1 5 3
Deep vein thrombosis/pulmonary embolus 6 2 7
Ischemic heart disease 1 none 1
Cerebrovascular accident 1 2 none
Dilated cardiomyopathy none 1 none
Thrombophilia 1 none none

n – number of patients; group A – patients underwent suturing of the extractinal wound; group B – patient with absorbable gelatin sponge used for local
hemostasis; group C – patients with no local hemostatic measures except local pressure with gauze.

Table 2
Characteristics of patients under coumarin treatment undergoing tooth extraction

Characteristics  Group A  Group B Group C
Gender: (male/ female), n
Age (years),  ± SD (range)
Mean INR on the day of procedure,  ± SD (range)
Single/double extractions, n
Causes for extraction, n

periodontal disease
deep caries

19/11
65.5 ± 11.1 (23–78)
2.35 ± 0.37 (1.74–3)

18/12

22
20

16/14
66.9 ± 9.8 (41–81)

2.43 ± 0.4 (1.76–2.95)
20/10

19
21

20/10
65.8 ± 11.2 (36–85)
2.36 ± 0.34 (1.75–3)

21/9

18
21

Patients with postoperative bleeding, n (%)
Immediate / late bleeding, n
Procedure to control bleeding, n

local pressure
sponge
suturing

1 (3.3)
1/none

1
none
none

2 (6.7)
1/1

none
none

2

2 (6.7)
2/none

none
1
1

INR – International normalized ratio; Immediate bleeding – hemorrhage that occurred in the first two hours; Late bleeding – hemorrhage that occurred
after the first two hours;  ± SD – mean ± standard deviation; group A – patients underwent suturing of the extractinal wound; group B – patient with
absorbable gelatin sponge used for local hemostasis; group C – patients with no local hemostatic measures except local pressure with gauze.
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to find the safest method for local hemostasis in these pa-
tients.

In most studies that dwell on tooth extractions in an-
ticoagulated patients, the suturing of the extractional
wound had been done 2–8. Ferrieri et al. 26 point out that
only suturing of the wound with local application of anti-
fibrinolytics in cases of hemorrhage is sufficient for suc-
cessful local hemostasis. Recent studies, however, suggest
that suturing of the extractional wound is not always nec-
essary 9, 19, 27.

Up to now there is only one study by Campbell et al. 28

in which tooth extractions in anticoagulated patients were
performed without additional local hemostatic measures. The
authors found no difference in blood loss among groups of
patients who continued, stopped and have never been on
OAT during oral surgery. However, the number of patients
who continued OAT was small and only 12 patients with
INR < 3 were included in the study.

The results of our study show that minor oral surgical
procedures, such as extraction of one or two teeth, could be
safely done without alteration of OAT and without the use of
any topical hemostatic agent. Wound suturing is as efficient
in local hemostasis as the use of topical hemostatic agent, but
it is not necessary measure in each patient. However in pa-
tients on OAT in whom adequate primary local hemostasis

cannot be achieved, suturing is a procedure of a great im-
portance.

This study has some potential drawbacks and limita-
tions: its relatively small sample size; only oral surgery pro-
cedures with low bleeding risk, simple extraction of one or
two teeth, were performed; only patients with INR  3.0
were included although the current recommendation is that
oral surgery can be safely done if INR values are  4.0. The
reason for this is our intention to check safety of dental ex-
tractions without the use of any local hemostatic agents.

Conclusion

In therapeutically anticoagulated patients tooth extrac-
tions can be safely performed without altering the dose of
anticoagulant medication, provided efficient local hemosta-
sis. In most cases, in patients with INR  3.0 after extraction
of one or two teeth postoperative bleeding can be controlled
with local pressure, without any additional local hemostatic
measures.
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Abstract

Background/Aim. Critically ill patients are at very high
risk of developing severe infections in intensive care units
(ICUs). Procalcitonin (PCT) levels are eleveted in the circu-
lation in patients with bacterial sepsis and PCT might be
useful in guiding antibiotic treatment. The aim of this study
was to estimate factors influencing patients survival and
treatment cost in ICU with special emphasis on the impact
of PCT serum levels use in guiding antimicrobial therapy.
Methods. The study was conducted from August 2010 to
May 2012 in the Intensive Therapy Unit, Clinic of Anesthe-
siology and Intensive Therapy, Military Medical Academy
(MMA), Belgrade, Serbia. All adult critically ill patients with
sepsis and/or trauma admitted in the ICU were included in
the study. This study included only the cost of antimicrobial
therapy in the ICU and the cost for PCT analysis. We used
prices valid in the MMA for the year 2012. PCT in serum
was measured by homogeneous immunoassay on a Brahms
Kryptor analyzer. Results. A total of 102 patients were en-

rolled. The mean patients age was 55 ± 19 years and 61.8%
of patients were male. The mean length of stay (LOS) in the
ICU was 12 ± 21 days. There was a statistically significant
difference (p < 0.001) between the sepsis and trauma group
regarding outcome (higher mortality rate was in the sepsis
group, particularly in the patients with peritonitis who were
mostly women). The patients younger than 70 years had
better chance of survival. LOS, the use of carbapenems and
PCT-measurement influenced the cost of therapy in the
ICU. Conclusions. The obtained results show that age, the
diagnosis and gender were the main predictors of survival of
critically ill patients in the ICU. The cost of ICU stay was
dependent on LOS, use of carbapenems and PCT-
measurement although the influence of these three factors
on the outcome in the patients did not reach a statistical
significance.

Key words:
critical illness; sepsis; anti-bacterial agents; cost and
cost analysis; biological markers.

Apstrakt

Uvod/Cilj. Kriti no oboleli pacijenti imaju veliki rizik od
razvoja teških infekcija u jedinicama intenzivne terapije
(JIT). Nivo prokalcitonina (PCT) u cirkulaciji je povišen
kod bolesnika sa bakterijskom sepsom, tako da PCT može
biti koristan u pra enju antibiotske terapije. Cilj ove studije
bio je da se ustanove faktori koji uti u na ishod i troškove
le enja u JIT u našoj ustanovi sa posebnim naglaskom na
uticaj koriš enja serumskog nivoa PCT u vo enju antimi-
krobne terapije. Metode. Studija je sprovedena od avgusta
2010. godine do maja 2012. godine u Jedinici intenzivne
terapije Klinike za anesteziologiju i intenzivnu terapiju

Vojnomedicinske akademije (VMA) u Beogradu, Srbija.
Svi kriti no oboleli sa sepsom i/ili traumom koji su prim-
ljeni u JIT bili su uklju eni u studiju. Studijom su obuhva-
eni samo troškovi antimikrobne terapije u JIT i troškovi

PCT analize. Koristili smo cenovnik VMA za 2012. godi-
nu. PCT u serumu je meren tehnikom homogenog imuno-
eseja na Brams Kriptor analizatoru. Rezultati. Studijom
su bila obuhva ena 102 bolesnika. Prose na starost boles-
nika iznosila je 55 ± 19 godina, a 61,8% bolesnika bili su
muškarci. Prose na dužina boravka u JIT (lenght of stay –
LOS) iznosila je 12 ± 21 dana. Postojala je statisti ki zna-
ajna razlika (p < 0.001) izme u ishoda le enja u grupi sa

sepsom u odnosu na grupu sa traumom. Bolesnici mla i
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od 70 godina imali su bolju šansu da prežive. Dužina bo-
ravka, upotreba karbapenema i merenje PCT uticali su na
cenu terapije u JIT. Zaklju ak. Dobijeni rezultati poka-
zuju da su godine života, dijagnoza i pol bili glavni predi-
ktori preživljavanja kriti no obolelih u JIT. Cena terapije
zavisila je od dužine boravka u JIT, upotrebe karbapenema

i merenja PCT, ali uticaj ovih faktora na ishod le enja nije
dostigao statisti ku zna ajnost.

Klju ne re i:
kriti na stanja; sepsa; antibiotici; cene i analize cena;
biološki pokazatelji.

Introduction

Severe infections with multiresistant bacteria represent
a medical challenge and a financial burden for hospitals. Se-
psis is a frequent cause of intensive care unit (ICU) admissi-
on and may also develop in patients admitted to the ICU for
other reasons. Critically ill patients are at very high risk of
developing severe nosocomial infections with the incidence
rate about 5–10-fold higher than in general medical
wards 1, 2. The recent Sepsis Occurence in Acutelly Ill Pati-
ents (SOAP) Study across Europe reported that more than
35% of ICU patients had sepsis at some point during the ICU
stay, with the mortality rate of 27%. In the USA,
approximately 750,000 cases occur each year, at least
250,000 of which are fatal. Septic patients are generally hos-
pitalized for extended periods, sometimes 2–3 weeks 3–6.

The pathophysiology of sepsis is complex and comprises
diffuse endothelial and epithelial injury, increased capillary
permeability, impaired hemodynamics, microvascular throm-
bosis, tissue ischemia, apoptosis and multiorgan failure 7–9.

Critically ill patients with sepsis are commonly treated
with antimicrobials. Selecting the appropriate initial antimic-
robial is most important, since the inappropriate choice may
be responsible for therapeutic failure and higher mortality
rate in ICU 2. The use of inappropriate initial antibiotics may
occur in 34.3% of cases involving nosocomial-acquired bac-
teremia. The risk of death increased from 30–60% in ICU
bacteremia and 70–100% in gram-negative shock when the
initial antimicrobial therapy was inappropriate 7.

The choice of initial empirical anti-infective therapy sho-
uld be broad enough to cover any likely patogens and guided
by local prevalence of microorganisms. Appropriate intrave-
nous antibiotics (e.g. carbapenems, fluoroquinolones) should
be initiated as rapidly as possible, preferably within the first
hour of establishing diagnosis of sepsis 7, 10, 11. The most com-
mon pathogens that cause sepsis in hospitalized patients are
gram-positive bacteria, followed by gram-negative and mixed
bacterial microorganisms. Once blood culture profile results
become available, de-escalation to the most appropriate single-
agent therapy should be performed as soon as possible. This
practice reduces the prevalence of antimicrobial resistance or
the risk of antibiotic related diarrhea from Clostridium diffici-
le, as well as pharmaceutical expenditure 10, 11. However, con-
ventional microbiology cultures, despite their specificity and
accuracy, are time consuming, and a negative result in many
cases of bacterial sepsis (50% or more) does not exclude an in-
fective etiology 10, 12, 13. Procalcitonin (PCT), a prohormone of
calcitonin, was shown to be a marker of sepsis. Its levels are
elevated in the circulation in patients with bacterial sepsis, due
to the failure of suitable proteolysis. PCT has a longer half-life

of 24 to 30 hours in circulation, in contrast to other markers
of sepsis such as tumor necrosis factor (TNF) or interleukin
(IL)-6 2, 14–16. The use of PCT is useful in guiding antibiotic
treatment, but with some limitations. The results derived
from a multicentre randomised controlled trial PRORATA,
show that despite lower antibiotic exposure in the PCT group
compared to the control group, there was no difference
between emerging multidrug-resistant bacteria 17. The results
from a study conducted across Denmark, with 1,200 critically
ill patients, show that PCT-guided antimicrobial strategy does
not improve a 28-day survival. The authors observed deleteri-
ous effects on organ function and length of stay (LOS) in the
ICU in the PCT-guided group 15. Another limitiation for the
use of PCT is associated with the cost of analysis.

Pharmacoeconomics is a scientific discipline that evalua-
tes pharmaceutical interventions, taking into account both the
cost and the value of health benefits. When performing phar-
macoeconomic evaluations of ICU expenditure, it is customary
to consider only the direct price of medication. The single most
important factor determining the magnitude of cost is the LOS
in the ICU, which is influenced by the high mortality in severe
sepsis and septic shock patients and the high incidence of noso-
comial infections in critically ill patients 18, 19.

The aim of this study was to provide data about the cost
and outcome of critically ill patients admitted to our ICU.
We analyzed factors that influence survival of critically ill
patients and the cost of treatment in the ICU. Moreover, the
impact of PCT measurement on the patient survival and cost
of treatment was analysed. Our data are derived from real-
life clinical population of critically ill patients in the ICU.

Methods

The observational study was conducted from August
2010 to May 2012 in the Intensive Therapy Unit of the Clinic
of Anesthesiology and Intensive Therapy of the Military Me-
dical Academy (MMA), tertiary university hospital in Belgra-
de, Serbia. All adult critically ill patients with sepsis and/or
trauma admitted to the ICU were included in the study.

The study was approved by the Ethic Committee in the
MMA and performed in accordance with the Declaration of
Helsinki. Sepsis, severe sepsis and septic shock were diagno-
sed according to the criteria proposed by the American Col-
lege on International Sepsis Definition Conference 20. Com-
plete medical data for all patients were recorded until their
discharge or death.

This study included only the cost of antibacterial
therapy in the ICU. We analyzed cost-related expenditures
such as a total drug cost and the cost for PCT analysis. Costs
related to equipment usage, estates (e.g. cost related to infra-
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structure, electricity, etc) and non-clinical support services,
as well as indirect cost (productivity loses), were not inclu-
ded. The enrolled patients were assessed during ICU stay.
After completion of data collection, all costs were priced.
We used prices valid in the MMA for the year 2012. All the
costs are presented in RSD (Serbian currency). As we col-
lected data from 2010, we adjusted all values using a 10%
average inflation rate to 2012 values, according to Serbian
indexes for that period. In order to compare our data with ot-
hers, we presented costs in euro (€), as well. The exchange
rate of 1€ was considered as 115 dinars for the year 2012.

PCT in serum was measured by homogeneous immuno-
assay (sandwich principle) using time resolved amplified
cryptate emission (TRACE) technology on Brahms Kryptor
analyzer.

The results are expressed as mean ± standard deviation
(SD) for variables that exhibit normal distribution. All costs
are reported as median, with the interquartile range (IQR)
and 95% confidence interval (CI) 21. Statistical analyses were
conducted using PASW 18.0 (SPSS Inc., Chicago, IL, USA).
Binary logistic regression was used to determine the predic-
tors of survival and linear regression was used to determine
the predictors of treatment cost. The results were presented
with odds-ratio (OR) or p-value. Both models were obtained
using a stepwise approach, variables were excluded at the
selection threshold of 0.1. A probability value of < 0.05 was
considered to be statistically significant.

Results

A total of 102 patients were enrolled. The mean patients
age was 55 ± 19 years and 61.8% of patients were male. The
reasons for ICU admissions were severe trauma, severe tra-
uma and secondary sepsis, severe sepsis due to peritonitis,
pancreatitis and other causes. The mean length of ICU stay
was 12 ± 21 days (Table 1).

Regression analysis revealed that gender, the diagnosis
and age influenced the survival of critically ill patients with
sepsis. There was a difference between males and females
regarding the diagnosis. In the sepsis group (regardless of
underlying cause) there were 49 (58.3%) males vs 35
(41.7%) females, whereas in the trauma group (with or
without secondary sepsis) males strongly dominated with 14
(77.8%) vs 4 (22.2%) of females. In the sepsis group with pe-
ritonitis females were dominant. Regression analysis showed
that gender influenced the outcome. The mortality rate in
males was 42.9% and they had better chances to survive (OR
= 2.13). Consequently, there was a statistically significant
difference (p < 0.001) between the sepsis and the trauma
group regarding the outcome; in the trauma group the
mortality rate was 17.6% while in the sepsis due to peritoni-
tis, for example, the mortality rate raised to 48%. The out-
come, among other parameters, was related to age of the stu-
died population. In survivors, the mean age was lower (44 ±
16 years), compared to non-survivors (66 ± 15 years) (p <
0.001). The younger patients (< 70 years) had better chance
of survival (Figure 1).

Survived

Lethal

Age (years)

Survived

Lethal

Age (years)

Fig. 1 – Correlation of age and outcome of survivors and
non-survivors.

Table 1
Demographic and clinical characteristics of critically ill patients

Characteristics Value
Total number of patients (n) 102
Age (years), mean ± SD (range) 55 ± 19  (18 - 87)
Sex, n (%)
  male 63 (61.8)
  female 39 (38.2)
SAPS II score, mean ± SD 56.82 ± 9.83
APACHE II score, mean ± SD 21.87 ± 4.21
SOFA score, mean ± SD 7.56 ± 2.30
Length of ICU stay in days, mean ± SD (range) 12 ± 21 (2–169)
Severe trauma (ISS 28.73 ± 9.40), n (%) 18 (17.6)
Severe trauma and secondary sepsis, n (%) 17 (16.7)
Severe sepsis due to peritonitis, n (%) 49 (48)
Pancreatitis, n (%) 13 (12.7)
Other causes, n (%) 5 (4.9)
Blood cultures, n (%)
  gram-positive 16 (15.7)
  gram-negative 4 (3.9)
  mixed 47 (46.1)
  fungi 1 (1)
  sterile 34 (33.3)
Mortality, n (%) 51 (50)

APACHE II – Acute and Physiology and Chronic Health Evaluation II; SAPS – Simplified Acute Physiology Score II;
SOFA – Sequential Organ Failure Assessment; ICU – Intensive Care Unit; ISS – Injury Severity Score.
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Examining costs and the outcome in 102 patients in the
ICU, irrespective of the underlying cause of admission, we
found that the median cost per patient was higher in 51 non-
survivors compared to 51 survivors (€ 488 vs € 358,
respectively), but regression analysis showed that survival
did not influence ICU cost significantly. In contrast, LOS,
the use of carbapenems and PCT-measurement influenced
the cost of therapy in the ICU (Figures 2–4 and Table 2).

Antibiotics were administered to all patients during ICU
stay. Monotherapy was administered to 32 (31.4%) patients.
Our analysis showed that the most prescribed antibiotics
were carbapenems (58.8%). In the carbapenem group, 56.9%
of patients survived. In non-carbapenem group, 43.1% of
patients survived. Although there was an obvious trend of in-
creased survival in the carbapenem group, it did not reach a
statistical significance. On the other hand, the use of carba-
penems (meropenem or imipenem) significantly increased
the cost of ICU therapy (p < 0.001).

The majority of patients had combined antimicrobial
therapy (68.6%). The combination of antibiotics depen-
ded on clinical and microbiological data, and antimicro-
bial therapy was introduced and managed by the infecti-
ous disease (ID) specialists. Those ID specialists were

consultants from the Clinic for Infectious and Tropical
Diseases of the MMA, and not attending physicians from
the ICU. Our study showed that several combinations of
antibiotics were used in the studied period. Some of them
included carbapenems and vancomycin or carbapenems
and aminoglycosides (gentamycin or amikacin). The ot-
her usual combination was cephalosporins with
vancomycin.

PCT measurement was introduced on the proposal of
ID specialists, in order to control the length of antimicrobi-
al therapy, bacterial resistance, and to reduce the use of an-
timicrobials as well as the cost of antimicrobial therapy.
During the follow-up period, the observed patients were di-
vided into two groups: the PCT-guided group of 56
(54.9%) patients and the non-PCT-guided group of 46
(45.1%) patients. Our results show that in the PCT-guided
group the cost of antimicrobial therapy in the ICU was
significantly higher than in the non-PCT-guided group
(761.56 € vs 329.98 €, respectively; p < 0.001). The diffe-
rences between the cost and the outcome are shown in Ta-
ble 2. There was no significant difference between the out-
come and the length of use of antibiotics in the two groups.
Our results show that 75% of the patients in the PCT-

Fig. 2 – Length of stay in Intensive Care
Unit.

Fig. 3 – Cost of treatment with
meropenem.

Fig. 4 – Cost of treatment with
imipenem/cilastatin.

Table 2
Comparison of cost and outcome in critically ill patients with and with no procalcitonin (PCT)

guided antibiotic therapy

Parameter Survivors
(median; IQR; 95% CI)

Non-survivors
(median; IQR; 95% CI)

PCT-guided therapy
- in RSD 75,729.15; 33,984.60-107,941.06;

59,385.51-98,001.47
91,278.23; 56,797.17-125,294.68;
71,138.43-126,056.18

- in € 658.51; 343.97-888.09;
516.40-852.19

793.72; 493.89-1,089.52;
618.60-1,096.14

Non PCT-guided
therapy
- in RSD 71,729.15; 29,984.60-103,941.06;

55,385.51-94,001.47
87,278.23; 52,797.17-121,294.68;
 67,138.43-122,056.18

- in € 623.73; 322.78-800.03;
510.20-893.87

758.94; 405.46-989.79;
598.98-1,001.12

LOS in the PCT
group (days)

34; 19-57; 28.01-58.57 26; 11-57; 22.29-94.11

LOS in non-PCT
group (days)

22; 14-39.50; 18.57-42.67 15; 12-31.5; 13.48-41.16

LOS – lenght of stay in Intensive Care Unit; IQR – interquartile range; CI – 95% confidence interval.
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guided group had combined antibiotic therapy, and 40.5%
of them died. In the PCT-guided group, carbapenems were
administered in 69.6% of the patients and 56.4% of them
survived. The most prescribed was meropenem. In the
PCT-guided group, 41.1% of the patients had mixed bacte-
ria in blood culture and 23.2% of them died. Sterile blood
cultures were found in 33.9% of the patients and 10.7% of
them died.

In the non-PCT guided group, 60.9% of the patients had
combined antibiotic therapy and 50% of them died. Carba-
penems were administered in 45.7% of the patients in the
non-PCT guided group and 33.3% of them survived. In this
group, 52.2% of the patients had mixed bacteria in blood
cultures, out of whom 45.6% died. The differences between
PCT-guided group and non-PCT guided group did not reach
a statistical significance.

Discussion

In the present observational study, three factors were
identified as the major cost drivers: duration of ICU-LOS;
cost of antimicrobial therapy; PCT-measurement.

In our population of critically ill patients, the mortality
rate was 50%. This outcome is comparable with that found
previously in larger studies, where high mortality rates,
between 40% and 70%, were common in ICU if septic shock
developed 6, 18, 22, 23. Moreover, ICU patients had a
significantly increased mortality risk and a decrement in the
quality of life and continued to die in the months and years
after hospital discharge 20, 24, 25.

Patients who stay longer in the ICU are at increased
risk of infection and probably would have higher cost since
LOS is a major determinant of cost. A prolonged ICU stay
consumes a large part of ICU resources. According to the
literature, predominantly because of the long ICU-LOS, the
cost of treatment for patients with sepsis is considerably
higher than treatment for other ICU patients. The ICU di-
rect costs per day are generally three to seven times higher
than for non-ICU care 26, 27. A multicenter, prospective
pharmacoeconomic study of septic patients, showed that
the cost of non-survivors increased day by day, while the
cost of survivors decreased after the first few days. These
findings suggest that patients who developed less organ
dysfunction would have consequent reduced cost 17, 18, 27. In
the United States, the mean hospital cost per patient was
estimated at $ 22,100 with higher cost in infants, patients
who died, ICU patients, surgical patients and patients with
multiple organ dysfunction 5. In three ICUs in Germany
similar results were found and again, total direct hospital
costs were higher in non-survivors, surgical patients and
patients requiring emergency procedures  26. Our results al-
so show the tendency of increased ICU cost in non-
survivors. The lack of statistical significance may be attri-
buted to the relatively small number of patients and great
variability of cost.

Our costs were determined according to the pricing of
drugs used during ICU-LOS in the hospital and those values
are smaller than mentioned in other studies. This may be

explained by the difference in pricing of drugs as well as the
difference of the type of costs which were considered in
comparing studies and included cost of diagnostic methods,
surgical procedures, laboratories tests, microbiological tests,
hospital fee, salaries and workload in ICU.

The most frequently used antibiotics in our study were
carbapenems, which is in accordance with guidelines for an-
tibotic treatment of sepsis 10, 12. Carbapenems, especially me-
ropenem, are antibiotics typically used in ICUs worldwide.
The results of different studies show that meropenem is a
cost-effective alternative to imipenem/cilastatin or piperacil-
lin/tazobactam – the preferred carbapenem unless other fac-
tors affect this decision (such as local pathogen resistan-
ce) 18, 19, 28–30. However, in our study carbapenems increased
the cost of therapy in the ICU. As mentioned before, our po-
pulation of patients was not analyzed in controlled environ-
ment, so our results were observational and from a follow-up
period and may vary from the results derived from predefi-
ned study and the control groups. This might be one of the
possible explanations of the fact that although there was the
obvious trend of increased survival in the carbapenem group,
it did not reach a statistical significance. Further controlled
studies should be conducted in order to get additional data
about clinical and economic benefits of the use of carbape-
nems in our ICU.

PCT measurement is also important in guiding durati-
on of antibiotic therapy in ICU patients and in differentia-
ting infective and non-infective inflammatory conditi-
ons 12, 14, 15, 31. Since the levels of PCT rise in response to
infection, its utility for the diagnosis of infection has been
extensively investigated with conflicting results depending
on the setting and population studied 17, 32. The existing lite-
rature supports the position that PCT-guided therapy is as-
sociated with the average of 2 days of reduction in antibio-
tic use 33. We did not have a reduction in antibiotic use in
PCT-guided group, despite the fact that the ID specialist
was in charge of antibiotic treatment. We are currently mis-
sing tools to facilitate the discontinuation of antibiotics in
the ICU. In standard practice, duration of antibiotic courses
in ICU vary greatly. In critically ill patients on prolonged
therapy with broad-spectrum antibiotics, superinfections
may occur and should be carefully monitored as possible
infectious complications. The duration of antimicrobial
therapy should be limited to 7 to 10 days. According to the
literature, combination therapy should be used in Pseudo-
monas infections and should be discontinued in 3 to 5
days 7. The severity of presenting symptoms correlate with
the mortality in ICU patients and is used to justify more
prolonged therapy. In one recent survey, critical care and
infectious disease specialists were not even completely
swayed by the evidence that limiting antibiotics attenuates
the emergence of resistant Gram-negatives in ICU 5, 34–36. A
small number of antibiotic-free days (e.g. 3 days in a
PRORATA trial) might not be sufficient to record a decrea-
sed resistance-emergence rate, especially for some ICUs
with high cross-transmission rates 17. Our results show that
PCT did not affect the LOS in ICU and that LOS depended
on diverse clinical characteristics and reasons for admissi-
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ons to ICU. In our population of patients, antibiotic treat-
ment was independent on PCT use and the mean duration
was 7 days. These findings are similar to others 35,36.

The price of PCT analysis is about € 35 in our laboratory
which is higher than in France, where PCT analysis costs €
10–15, and is comparable to the expenditure of unnecessary
antibiotics. Nevertheless, Vandjick et al. 37 reported that the
acquisition cost of antibiotics used to treat nosocomial bloods-
tream infections in ICU in adults was € 114 daily. Clearly, we
need more data to confirm the value of PCT as a diagnostic
parameter to guide antibiotic therapy.

The main limitation of our study lies in the number of
patients and the use of direct medication pricing cost only.
Despite this limitation, our results are the real-life results,
obtained in population of critically ill patients and those re-
sults represent valuable data about clinical and economic as-
pects of antibiotic usage.

Conclusion

The obtained results show that age, the diagnosis and
gender were the main predictors of survival of critically ill
patients in the Intensive Care Unit. However, the cost of In-
tensive Care Unit treatment was not significantly influenced
by the survival of patients possibly due to a relatively small
number and large variability of treatment cost. In contrast,
cost of Intensive Care Unit stay was determined by the
lenght of stay, use of carbapenems and procalcitonin-
measurement, although the influence of these three factors
on the outcome in patients did not reach statistical signifi-
cance. To our knowledge, this type of cost analysis is rarely,
if ever, performed routinely. With direct connecting econo-
mic analysis to routine data collections, as we did in our real-
life study, the results would be better and more applicable in
everyday practice.
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Abstract

Background/Aim. To our knowledge there are no data
about the relationship between elevated risk for developing
type 2 diabetes mellitus (DM2) and altered cardiac autonomic
function. The aim of this study was to evaluate the associa-
tion between heart rate variability (HRV) and slightly in-
creased risk for DM2. Methods.  We evaluated 69 subjects
(50.0 ± 14.4 years; 30 male) without DM2, coronary artery
disease and arrhythmias. The subjects were divided into two
groups according to the Finnish Diabetes Risk Score (FIN-
DRISC): group I (n = 39) included subjects with 12 > FIN-
DRISC  7; group II (n = 30) subjects with FINDRISC < 7.
HRV was derived from 24-h electrocardiogram. We used
time domain variables and frequency domain analysis per-
formed over the entire 24-h period, during the day (06–22 h)
and overnight (22–06 h). Results. Standard deviation of the
average normal RR intervals was significantly lower in the
group with increased risk for DM2 compared to the group II
(127.1  26.6 ms vs 149.6  57.6 ms; p = 0.035). Other time
domain measures were similar in both groups. The group I
demonstrated significantly reduced frequency domain meas-
ures, total power – TP (7.2  0.3 ln/ms2 vs 7.3  0.3 ln/ms2;
p = 0.029), and low frequency – LF (5.9  0.4 ln/ms2 vs
6.3  0.6 ln/ms2; p = 0.006), over entire 24 h, as well as TP
(7.1  0.3 ln/ms2 vs 7.3  0.3 ln/ms2; p = 0.004), very low fre-
quency (6.2  0.2 ln/ms2 vs 6.3  0.2 ln/ms2; p = 0.030), LF
(5.9  0.4 ln/ms2 vs 6.2  0.3 ln/ms2; p = 0.000) and high fre-
quency (5.7  0.4 ln/ms2 vs 5.9  0.4 ln/ms2; p = 0.011) dur-
ing the daytime compared to the group II. Nocturnal fre-
quency domain analysis was similar between the groups. The
low diurnal frequency was independently related to elevated
risk for diabetes mellitus (beta = -0,331; p = 0.006). Conclu-
sion. The obtained results suggest that even slightly elevated
risk for developing diabetes mellitus may be related to im-
paired HRV.

Key words:
heart rate; electrocardiography, ambulatory; diabetes
mellitus, type 2; risk factors; predictive value of tests.

Apstrakt

Uvod/Cilj. U nama dostupnoj literaturi nismo našli podat-
ke o povezanosti povišenog rizika od nastanka dijabetesa
melitusa tipa 2 (DM2) i poreme aja sr ane autonomne fun-
kcije. Cilj rada bio je da se utvrdi povezanost izme u varija-
biliteta sr ane frekvencije i blago povišenog rizika od DM2.
Metode. Ispitivano je 69 osoba (50,0 ± 14,4 god; 30 muš-
karaca) bez DM2 i koronarne bolesti, kao i bez poreme aja
ritma. Ispitanici su bili podeljeni u dve grupe prema finskom
skoru rizika od dijabetesa melitusa tipa 2 (Finnish Diabetes
Risk Score – FINDRISC): grupu I (n = 39) inili su ispitanici
sa 12 > FINDRISC  7 i grupu II (n = 30) sa FINDRISC
< 7. Varijabilitet sr ane frekvencije ustanovljen je na osnovu
24-h elektrokardiograma. Koriš ene su vremenska i spek-
tralna analiza za vreme od 24 h, u toku dana (06–22 h) i no-
i (22–06 h). Rezultati. Standardna devijacija prose nih

vrednosti normalnih RR intervala bila je zna ajno niža u
grupi sa povišenim rizikom od DM2, nego u grupi II
(127,1  26,6 ms vs 149,6  57,6 ms; p = 0,035). Tokom 24h
u prvoj grupi prime ena je zna ajno smanjena ukupna snaga
– TP (7,2  0,3 ln/ms2 vs 7.3  0.3 ln/ms2; p = 0.029) i niska
frekvencija – LF (5,9  0,4 ln/ms2 vs 6,3  0,6 ln/ms2;
p = 0,006), a tokom dana zna ajno smanjenje TP (7,1  0,3
ln/ms2 vs 7,3  0,3 ln/ms2; p = 0,004), vrlo niske frekvencije
(6,2  0,2 ln/ms2 vs 6,3  0,2 ln/ms2; p = 0,030), LF
(5,9  0,4 ln/ms2 vs 6,2  0,3 ln/ms2; p = 0.000) i visoke
frekvencije (5,7  0,4 ln/ms2 vs 5,9  0,4 ln/ms2; p = 0,011)
u odnosu na grupu II. Nije bilo zna ajne razlike izme u
grupa u spektralnoj analizi za no ni period. Niska frekven-
cija tokom dana bila je nezavisno povezana sa pove anim
rizikom od DM2 (beta = -0,331; p = 0,006). Zaklju ak.
Dobijeni rezultati ukazuju da ak i blago povišen rizik od
razvoja DM2 može biti povezan sa izmenjenim varijabilite-
tom sr ane frekvencije.

Klju ne re i:
srce, frekvencija; elektrokardiografija, holter; dijabetes
melitus, insulin-nezavisni; faktori rizika; testovi,
prognosti ka vrednost.
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Introduction

Sympathetic and parasympathetic modulation of the
autonomic nervous system is commonly assessed by heart
rate variability (HRV) 1. Impaired HRV reflecting autonomic
dysfunction is related to many cardiovascular risk factors,
especially glucometabolic abnormalities 2. Many studies
have previously revealed cardiac autonomic neuropathy in
diabetic patients1. Parasympathetic dysfunction is associated
with complex pathophysiological mechanisms in obesity, in-
sulin resistance, as well as increased glucose production

from the liver leading to atherosclerosis and cardiovascular
morbidity 3.

The Finnish Diabetes Risk Score (FINDRISC) has been
accepted for predicting 10-year risk of type 2 diabetes mel-
litus (DM2) in adults in the setting of known risk factors for
cardiovascular diseases 4.

To our knowledge there are no data about the relation-
ship between elevated risk for developing DM2 and altered
cardiac autonomic function.

The aim of this study was to estimate the association
between altered HRV and slightly elevated risk for DM2.

Methods

We evaluated 69 subjects (age 50.0 ± 14.4 years; 30
male) admitted to the Clinical Hospital Center in order to be
evaluated for coronary artery disease. After excluding coro-
nary disease (according to the medical history, 24-h electro-
cardiogram, echocardiography, exercise stress test), they en-
tered the study.  Other excluding criteria were: 30 > age > 70
years, pulmonary and renal diseases, arrhythmias, current
medical treatment with beta blockers, calcium antagonists
and antiarrhythmics.

All of the participants were asked to complete a form
on age, medical history (antihypertensive drug treatment),

history of high blood glucose level (discovered during medi-
cal examination, during an illness, or during pregnancy),
health behavior (daily physical activity, daily intake of
vegetables and fruits) and the family history of diabetes.
Clinical examination included measurements of weight,
height, body mass index (BMI) calculated by dividing the
weight (kg) by the height squared (m2), waist circumference
(bellow the ribs, usually at the level of the navel). The total
score for each subject was composed as the sum of the scores
according to the questionnaire, BMI and waist circumference
4. According to FINDRISC (Table 1), which considers sev-

eral variables (age, BMI, waist circumference, physical ac-
tivity, eating vegetables every day, using antihypertensive
drugs, high blood glucose level and heredity for DM) we di-
vided subjects into two groups 4.

The group I included subjects with slightly increased
risk (12 > FINDRISC  7) predicting that one in 25 will de-
velop DM2. The group II enrolled subjects with low risk
(FINDRISC < 7), one in 100 might develop DM2 4.

HRV was obtained from 24 h electrocardiogram Holter
recordings (Argusys) using three channels (V1, V5, aVF).
Electrocardiogram signals were digitalized, stored and ana-
lyzed using standard software program. According to the Task
Force of the European Society of Cardiology we used time
domain and frequency domain variables as markers of HRV 1.

Time domain measures included: standard deviation of
all normal RR intervals (SDNN) that were considered as an
estimate of overall HRV; standard deviation of the average
normal RR intervals for all 5-minute segments (SDANN); av-
erage of the standard deviation of normal RR intervals for all
5-minute segments (ASDNN); percent of differences between
adjacent normal RR intervals  50 ms (pNN50), root mean
square of successive RR interval differences (RMSSD) 1.

Frequency domain analysis of RR intervals were carried
out by Fast Fourier Transformation. The analysis of RR in-
tervals were performed over the entire 24-h period, as well as

Table 1
Type 2 diabetes mellitus risk assessment form

FINDRISC
(p-points)

Questions
(p-points)

Age Using antihypertensive drugs regularly
0 p. Under 45 years 0 p. no
2 p. 45–54 years 2 p. yes
3 p. 55–64 years High blood glucose level ever been found
4 p. Over 64 years 0 p. no

Body mass index 5 p. yes
0 p. < 25 kg/m2 (%) Heredity (diabetes type 1 or 2)
1 p. 25–30 kg/m2 (%) 0 p. no
3 p. > 30 kg/m2 (%) 3 p. yes – grandperent, aunt, uncle or first cousin

Waist circumference 5 p. yes – parents, brother, sister or own child
0 p. Men (women) < 94 (80) cm Eating vegetables, fruit or berries every day
3 p. Men (women) < 94–102 (80–88) cm 0 p. every day
4 p. Men (women) < 102 (88) cm 2 p. not every day

Physical activity > 30 min
0 p. yes
2 p. no

FINDRISC – Finnish Diabetes Risck Score:
Lower than 7 (low): estimated one in 100 will develop disease; 7–11 (slightly elevated): estimated one in 25 will develop disease; 12–14
(moderete): estimated one in 6 will devolop disease; 15–20 (high): estimated one in three will develop disease; Higher than 20 (very high):
estimated one in two will develop disease.
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overnight (22–06 h) and during the day (06–22 h). The high
frequency (HF) (0.15–0.40Hz) oscillation of HRV reflected
mostly parasympathetic modulation of heart rate, the low
frequency (LF) region of the power spectra (0.04–0.15 Hz)
included the influence of both parasympathetic and sympa-
thetic function. A very low frequency component (VLF)
(0.015 - 0.04 Hz) was considered to reflect the mixture of
neuroendocrine and parasympathetic modulation. The LF to
HF ratio (LF/HF) was considered as an index of sympathico-
vagal balance. We used a logarithmic transformation of total
power (TP) (ln/ms2), VLF (ln/ms2), LF (ln/ms2) and HF
(ln/ms 2) values 1.

Mean, minimal and maximal heart rates were also ana-
lyzed and compared among the groups.

The Ethics Committee approved the study protocol and
consent procedures.

Statistical differences were considered significant when
p < 0.05. Continuous variables were presented as mean ±
standard deviation (SD) and were compared by using the
Student's t-test for two independent samples since they
showed the normal distribution. The differences in propor-
tions were compared by using the ²-test. Pearson's correla-
tion coefficient was used for determining the correlation
between FINDRISC and HRV parameters. The variables
which showed p-value < 0.050 were included into linear re-
gression analyses, stepwise method. Regression analysis was
used to determine independent predictors of elevated risk for

DM2. The statistical method for evaluating the diagnostic
accuracy of HRV parameters was receiving operating char-
acteristics (ROC).

Results

There were 39 subjects in the group I (FINDRISC,
mean 9.1  1.3) and 30 individuals in the group II (FIN-
DRISC, mean 4.1  1.7). The individuals with elevated risk
for DM2 were significantly older (p = 0.000). They had
higher BMI (p = 0.000) and used antihypertensive drugs
more frequently (p = 0.000).  We observed more subjects in
the group II with normal BMI (p = 0.001) and normal waist
circumference (p = 0.000) compared to those in the group I.
Both groups were similar in physical activities longer than
30 min daily, eating vegetables, heredity, and high blood
glucose level (Table 2).

No significant differences were observed in the mean,
maximal and minimal heart rate between the two groups
(Table 3).

Time domain variables are presented in Table 4. SDNN
was slightly shorter (p = 0.057) and SDANN (p = 0.035) was
significantly shorter in subjects with increased risk for DM2.

Frequency domain measures over the entire 24 h dif-
fered significantly in TP (p = 0.029) and LF (p = 0.006),
between the groups. Individuals in group I compared to the
group II had significantly lower TP (p = 0.004), VLF

Table 2
Demographic characteristics of the studied subjects according to the FINDRISC

Parameters Group I
(n = 39)

Group II
(n = 30) p

Age (years),  ± SD 57.9  9.6 39.4  11.8 0.000
Male, n (%) 19 (48.7) 11 (36.7) 0.340
Body mass index (kg/m2 ),  ± SD

< 25 kg/m2, n (%)
25–30 kg/m2, n (%)

 30 kg/m2, n (%)

26.2  3.4
10 (25.6)
26 (66.6)
3 (7.7)

22.7  3.7
20 (66.7)
10 (33.3)

0

0.000
0.001
0.008
0.252

Waist circumference (cm), (%)
men (women) < 94 (80)
men (women)< 94–102 (80–88)
men (women) <  102 (88)

1 (2.6)
21 (53.8)
17 (43.6)

18 (60.0)
8 (26.7)
4 (13.3)

0.000
0.029
0.008

Physical activity  30 min, n (%)
yes 7 (17.9) 9 (30.0) 0.264

Eating vegetables every day, n (%)
yes 17 (44.1) 16 (53.3) 0.631

Using antihypertensive drugs, n (%)
yes 19 (48.7) 2 (6.7) 0.000

High blood glucose level, n (%)
yes 3 (7.7 ) 0 0.252

Heredity, n (%)
yes (grandparent, aunt, uncle)
yes (parents, brother, sister)

1 (2.6)
3 (7.7)

3 (10.0)
0

0.297
0.252

FINDRISC – Finnish Diabetes Risck Score; Group I – subjects with 12 > FINDRISC  7; Group II – subjects with FINDRISC < 7.

Table 3
Mean, minimal and maximal heart rate in study groups

Heart rate (HR), bpm Group I (n = 39)
 ± SD

Group II (n = 30)
 ± SD p

HR 72.1  11.5 77.2  9.4 0.052
HR min 50.8  14.2 53.9  12.0 0.464
HR  max 126.1  30.3 138.7  22.9 0.063

bpm – beats per minute; Group I – subjects with 12 > FINDRISC  7; Group II – subjects with FINDRISC < 7.
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(p = 0.030), LF (p = 0.000) and HF (p = 0.011) during the
daytime. However, both groups were similar in all nocturnal
frequency domain parameters (Table 4).

We found a significant negative correlation between the
FINDRISC and TP (r = -0.263; p = 0,029); LF (r = -0.249;
p = 0.039) over the entire 24 h hours. Diurnal variables such as:
TP (r = -0.294; p = 0,014); LF (r = -0.331; p = 0.006); HF (r = -
0.272; p = 0,024) and nocturnal HF (r = -0.279; p = 0.020) also
inversely correlated with the FINDRISC (Table 5).

According to linear regression analysis, the stepwise
method, which included independent HRV variables, that pre-
viously had expressed p < 0.05 and the FINDRISC as depend-
ent variable, only daytime LF was independently related to ele-
vated risk for DM2 (beta = -0.331, p = 0.006). A model sum-
mary is presented in Table 6 and the linearity of the association
between the FINDRISC and daytime LF is presented in Figure
1. Other time domain and frequency domain variables did not
reach a statistical significance as independent predictors.

Table 4
Time domain and frequency domain variables in study groups

Variables Group I (n = 39)
 ± SD

Group II (n = 30)
 ± SD p

SDNN (ms) 141.6  28.3 157.9  41.4 0.057
SDANN (ms) 127.1  26.6 149.6  57.6 0.035
ASDNN (ms) 61.2  21.9 65.7  20.8 0.389
PNN50 (%) 10.9  2.2 10.8  8.4 0.942
RMSSD (ms) 46.3  31.2 41.5  22.9 0.484
24h-TP (ln/ms2) 7.2  0.3 7.3  0.3 0.029
24h-VLF (ln/ms2) 6.3  0.2 6.4  0.2 0.154
24h- LF (ln/ms2) 5.9  0.4 6.3  0.6 0.006
24h- HF (ln/ms2) 5.9  0.5 6.0  0.4 0.259
24h-LF/HF 1.1  0.3 1.2  0.3 0.128
Daytime TP (ln/ms2) 7.1  0.3 7.3  0.3 0.004
Daytime VLF (ln/ms2) 6.2  0.2 6.3  0.2 0,030
Daytime LF (ln/ms2) 5.9  0.4 6.2  0.3 0.000
Daytime HF (ln/ms2) 5.7  0.4 5.9  0.4 0.011
Daytime LF/HF 1.03  0.0 1.04  0.0 0.293
Night-time TP (ln/ms2) 7.3  0.4 7.4  0.3 0.189
Night-time VLF (ln/ms2) 6.4  0.2 6.4  0.2 0.580
Night-time LF (ln/ms2) 6.0  0.4 6.2  0.4 0.122
Night-time HF (ln/ms2) 5.9  0.5 6.1  0.4 0.167
Night-time LF/HF 1.0  0.0 1.0  0.0 0.979

SDNN – standard deviation of all normal RR intervals; SDANN – standard deviation of the average normal RR intervals for all 5-minute segments;
ASDNN – average of the standard deviation of normal RR intervals for all 5-minute segments; pNN50 – percent of differences between adjacent
normal RR intervals  50 ms; RMSSD – root mean square of successive RR interval differences; TP – total power; VLF – very low frequency;
LF – low frequency; HF – high frequency; Group I – subjects with 12 > FINDRISC  7; Group II – subjects with FINDRISC < 7.

Table 5
Correlation between the FINDRISC and measures of heart rate variability in the study subjects

Variables r p
SDNN (ms) -0.210 0.084
SDANN (ms) -0.270 0.065
ASDNN(ms) -0.188 0.121
PNN50 (%) -0.083 0.500
RMSSD(ms) -0.045 0.715
24h- TP (ln/ms 2) -0.263 0.029
24h-VLF (ln/ms 2) -0.131 0.283
24h-LF (ln/ms 2) -0.249 0.039
24h-HF (ln/ms 2) -0.170 0.162
24h-LF/HF -0.076 0.537
Daytime TP (ln/ms 2) -0.294 0.014
Daytime VLF (ln/ms 2) -0.204 0.093
Daytime LF (ln/ms 2) -0.331 0.006
Daytime HF (ln/ms 2) -0.272 0.024
Daytime LF/HF -0.069 0.571
Night-time TP (ln/ms 2) -0.198 0.103
Night-time VLF (ln/ms 2) -0.038 0.758
Night-time LF (ln/ms 2) -0.174 0.152
Night-time HF (ln/ms 2) -0.279 0.020
Night-time LF/HF 0.189 0.121

SDNN – standard deviation of all normal RR intervals; SDANN – standard deviation of the average normal RR intervals for all 5-minute
segments; FINDRISC – Finnish Diabetes Risk Score; ASDNN – average of the standard deviation of normal RR intervals for all 5-minute
segments; pNN50 – percent of differences between adjacent normal RR intervals  50 ms; RMSSD – root mean square of successive RR interval
differences; TP – total power; VLF – very low frequency; LF – low frequency; HF – high frequency; r – Spearman's correlation coefficients.
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Fig. 1 – Linear regression model: Correlation between the
FINDRISC and daytime low frequency (LF).

(FINDRISC – Finnish Diabetes Risk Score)

The area under the ROC curve show the significant av-
erage sensitivity of the daytime LF over the range of speci-
ficity in the group with FINDRISC < 7 (AUC = 0.72;
p = 0.002) but not in the group with FINDRISC  7 (AUC =
0.251; p = 0.000) (Figure 2, Table 7).
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Fig. 2 –  Sensitivity of daytime low frequency (LF) in the
subjects with FINDRISC < 7.

FINDRISC – Finnish Diabetes Risk Score;

Discussion

Previous investigations about HRV have reported auto-
nomic failure caused by diabetes mellitus, arterial hyperten-
sion and/or metabolic syndrome 5. Ten year risk of diabetes
type 2 could easily be predicted by FINDRISC which is ac-
cepted as a noninvasive and reliable tool for screening for
individuals who are at increased risk for DM2 4.

To our knowledge this is the first study dealing with
altered heart rate variability in subjects with elevated risk for
DM2 assessed by the FINDRISC.

Our main findings were: shorter time domain measure
(SDANN) and decreases in frequency domain parameters es-
pecially during the day (TP, VLF, HF, LF) in subjects with
higher risk for DM2; negative correlation between the FIN-
DRISC and frequency domain measures over entire 24 h (TP,
LF); diurnal TP, HF, LF and nocturnal HF; the independent
predictor for increased risk for DM2 was daytime LF.

Our study demonstrated a decrease in SDANN in
subjects with elevated risk for DM2. Al-Hazimi et al. 6

also reported that all time domain parameters were lower
in diabetic patients with and without diabetic neuropathy
compared to normal controls 6. A significant difference in

the time domain measures among diabetic patients and
healthy volunteers were also found in the study by Seyd
and al. 7.

We found a significantly reduced TP and LF during 24
h as well as a decrease in TP and LF during daytime in sub-
jects with a higher FINDRISC. There were also strong in-
verse correlation between TP, LF over entire 24 h; daytime
TP, LF and FINDRISC.

It was daytime LF that was found to be independently
related to increased risk for diabetes mellitus type 2. Al-
though we did not confirm a significant sensitivity of day-
time LF for subject with FINDRISC  7, we obtained sig-
nificant diagnostic accuracy for daytime LF in the group
with lower risk for DM2 (FINDRISC < 7).

It has been accepted that the power in the low fre-
quency band is commonly influenced by sympathetic oscil-
latory modulation, although a significant vagal component
has been   recognized, too 8.

Table 6
Linear regression model: R Square Change statistics (model summary)

Model R R2 Adjusted R2 Std. error of the estimate
0.331a 0.109 0.096 2.793

Change statistics
R2

Change
F

Change df1 df2 Sig. Durbin-Watson1

0.109  1 67 0.006 2.226
Predictor – Daytime low frequency (LF); b) Dependent variable – Finnish Diabetes Risk Score (FINDRISC).

Table 7
Area under the curve (AUC): test results for daytime low frequency (LF)

Asymptotic 95% Confidence IntervalArea Std. error a Asymptotic Sig.b lower bound upper bound
0.720 0.063 0.002 0.597 0.843

Predictor – daytime LF.
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In our study a significant decrease in daytime HF and
negative correlation between daytime and nocturnal HF with
the FINDRISC also suggested the impairment of the vagal
component.

It seems that the decrease in HF and LF (both reflecting
parasimpathetic oscillation) might present the beginning of
impairment in the vagal fibre conduction in subjects with
elevated risk for DM2. Although altered LF and HF were ob-
served in our subjects with a higher FINDRISC, no change
in sympathovagal balance was found. A reduced power in all
spectral bands, as well as unchanged LF/HF ratio, are some
of the most common manifestations related to diabetic auto-
nomic neuropathy 1, 9.

The early complication of diabetes mellitus is auto-
nomic neuropathy that is characterized by degeneration in
small fibres. The pathophysiological mechanisms of altered
HRV due to disturbances in small fiber conduction in pa-
tients with diabetes mellitus have already been reported 1.

A decrease in the power of LF and HF associated with
diabetic patients even without evidence of autonomic neu-
ropathy has been also reported 9.

Recent studies have suggested that even subjects with
impaired glucose tolerance may show slower nerve conduc-
tion due to distal small fiber neuropathy 10. According to
Cardiovascular Health Study diminished HRV was also re-
lated with increased fasting glucose levels in non-diabetic
subjects 11.

No previous research has investigated the relationship
between HRV and higher risk for DM2. Our subjects with
increased risk for DM2 according to the FINDRISC were
older, had higher BMI, larger waist circumference and used
antihypertensive drugs more frequently.  It was reported that
each of these risk factors is likely to alter HRV. A decrease
in HRV could occur due to increasing age alone 12. A signifi-
cant increase in sympathovagal balance was revealed in
obese subjects 13. It was suggested that obesity especially ab-
dominal visceral fat may significantly contribute to the sym-
pathetic over-activity 14.

It has been also demonstrated that arterial hypertension
is related to impaired HRV 15. A decreased HRV associated
with arterial hypertension was shown in the Framingham
Heart Study 16. It was also published that cardiac autonomic
function was impaired even in white-coat hypertensive pa-
tients 17. According to some investigators low HRV, demon-
strating a relative sympathetic over-activity, may be associ-
ated with the development of metabolic syndrome and its
components 18.

Therefore alteration in HRV in our subjects with the in-
creased FINDRISC including higher mean age, BMI and the

higher rate of arterial hypertension could be explained by the
influence of age alone and other risk factors contributing to
the pathogenesis of atherosclerosis that might also pay a role
in the development of small nerve conduction disturbances.
It has previously been demonstrated that lower heart rate
variability is associated with the development of coronary
artery disease in individuals with diabetes 19, 20. There has
been considerable discussion regarding the meaning and in-
terpretation of LF/HF. Reduced LF/HF has also been recog-
nized as a risk factor for cardiovascular disease 21, 22. On the
other hand a strong correlation was shown with each 1-point
increase in the FINDRISC and 16–23% increase in the like-
lihood of cardiovascular disease and mortality 23 26.

Limitations of our study were the small study group, the
fact that we excluded subjects with coronary artery disease,
according to noninvasive diagnostic procedures, without per-
forming selective coronary angiography. Also, self reported
responses might not be absolutely exact. Hence, further
studies on a larger sample are necessary to prove the rela-
tionship between the FINDRISC and impaired HRV.

Conclusion

Abnormal glucoregulation is associated with altered
heart rate variability and cardiovascular autonomic diabetic
neuropathy. The FINDRISC is an inexpensive, noninvasive
and reliable tool to identify individuals at high risk for dia-
betes type 2. Our study is unique in that it deals with heart
rate variability in subjects with slightly increased risk for
diabetes type 2.

We found that subjects with higher risk for diabetes
type 2 had also impaired heart rate variability, especially de-
creased standard deviation of the aberage normal RR inter-
vals and reduced diurnal frequency domain measures, with-
out significant changes in sympathicovagal balance.

It has long been known that impairment of heart rate
variability is also closely related to cardiovascular mortality
and morbidity.

Thus early detection of impaired heart rate variability
may be the first sign of autonomic dysfunction suggesting
further clinical evaluation of subjects with slightly increased
risk for development of diabetes type 2. Evaluation of heart
rate variability in subjects with increased risk for diabetes
type 2 (FINDRISC  7) and vice versa might be useful for
early detection of autonomic dysfunction related to altered
glicoregulation.

Further larger studies would be also necessary to assess
the risk for cardiovascular disease in subjects with higher
risk for diabetes type 2.
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Examination of the bioelectrical activity of the masticatory muscles
during Angle’s Class II division 2 therapy with an activator

Ispitivanje bioeleketri ne aktivnosti mastikatornih miši a kod strmog zagrižaja
tokom terapije aktivatorom
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Abstract

Background/Aim. The muscles of the orofacial region
have great influence on the development of dentition and
occlusion formation. It is known that improper function
of these muscles is one of the major etiological factors in
malocclusion. A correlation between function disorders of
orofacial muscle and occlusion disorders has been con-
firmed, as well as a correlation between the bioelectric ac-
tivity of the masticatory muscles, recorded by electromy-
ography, and bite force upon maximal voluntary contrac-
tion of these muscles. The aim of the study was to analyze
the bioelectriacal activity of temporal and masseter mus-
cles. Methods. The sample consisted of 100 subjects of
both sexes, divided into the control group (n = 30) with
neutral and complete dental arches, and the study group
(n = 70) of patients with distal occlusion. Electromyo-
graphic measurement of bioelectric potentials in all the
subjects was conducted for the examined muscles in the
physiologic rest position, central mandible occlusion, and
during maximal voluntary contraction of muscles and sa-
liva swallowing, in Angle Class I and II/2 occlusal rela-
tionships, prior to treatment, after one year of the ortho-
dontic treatment and after the treatment with an activator.
Results. Comparing the values of thebioelectrical activity

in the control and the study group before the treatment, a
decreased muscle activity was established in all the three
positions in the study group. After the first year of ortho-
dontic treatment the results showed an elevation in the
bioelectrical activity in both muscles. After treatment with
an activator, the bioelectrical activity in both muscles in
the study group was higher than before the treatment, as it
is confirmed by a positive highly significant coefficient of
correlation. Conclusion. In all the three measured posi-
tions of the mandible with Angle Class II/2 malocclusion,
bioelectrical activity was lowest at baseline and increased
during the first year of treatment, and at the end of the
treatment it partially reduced close to the approximate val-
ues in normal occlusion. Research on electromyographic
activity of masticatory muscles is useful in everyday clinical
practice, especially in present distinctive skeletal discrep-
ancy before, during and after orthodontic treatment, if on
the bases of the results we can evaluate the treatment, but
also determine the start and duration of the retention pe-
riod and retention device type.

Key words:
electromyography; masticatory muscles; malocclusion,
angle class I; malocclusion, angle class II; activator
appliances; treatment outcome.

Apstrakt

Uvod/Cilj. Miši i orofacijalne regije imaju veliki uticaj na
razvoj zubnih nizova i formiranje okluzije. Poznato je da je
nepravilna funkcija miši a jedan od zna ajnih etioloških fa-
ktora u nastanku malokluzija. Tako e, potvr ena je uzajam-
na povezanost poreme aja funkcije orofacijalnih miši a i
poreme aja okluzije, kao i korelacija izme u bioelektri ne
aktivnosti mastikatornih miši a, registrovane elektromio-
grafskom metodom, i ispoljene sile zagrižaja pri maksimal-
noj voljnoj kontrakciji ovih miši a. Cilj studije bio je analiza
bioelektri ne aktivnosti temporalnog i maseteri nog miši a.
Metode. Uzorak je inilo 100 osoba oba pola, podeljenih u

kontrolnu grupu (n = 30) sa neutrookluzijom i potpunim
zubnim nizom, i ispitivanu grupu (n = 70) sa distookluzi-
jom. Kod svih ispitanika sprovedeno je elektromiografsko
merenje bioelektri nog potencijala za ispitivane miši e u
položaju fiziološkog mirovanja, centralne okluzije mandi-
bule, i pri maksimalnoj voljnoj kontrakciji miši a i gutanju
pljuva ke, kod klase I i II/2 okluzalnih odnosa po Anglu, i
to pre le enja, nakon jedne godine ortodontskog le enja i po
završetku le enja sa aktivatorom. Rezultati. Pore enjem
vrednosti biolektri nog potenicijala pre le enja utvr ena je
smanjena aktivnost u sva tri položaja pra enih miši a u ispi-
tivanoj grupi u odnosu na kontrolnu. Nakon prve godine
ortodontskog tretmana utvr eno je povišenje bioelektri ne
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aktivnosti oba miši a. Po završetku tretmana aktivatorom,
bioelektri na aktivnost oba miši a u ispitivanoj grupi bila je
viša u odnosu na vrednosti pre tretmana, što dokazuje pozi-
tivan, veoma zna ajan koeficijent korelacije. Zaklju ak. U
sve tri merene pozicije, pri razli itim položajima mandibule
kod strmog zagrižaja, bioelektri na aktivnost je bila najma-
nja na po etku terapije i pove avala se tokom prve godine
le enja, da bi se na kraju terapije delimi no smanjila na vre-
dnosti približne vrednostima normalne okluzije. Istraživanja
elektromiografske aktivnosti mastikatornih miši a imaju

smisla u svakodnevnoj klini koj praksi, kod izrazitih skelet-
nih diskrepanci pre, u toku i nakon ortodontske terapije,
ukoliko na osnovu njih možemo vrednovati rezultate le e-
nja, ali i odrediti po etak i dužinu trajanja retencionog peri-
oda i vrstu retencionog aparata.

Klju ne re i:
elektromiografija; miši i, mastikatorni; malokluzija,
klase I; malokluzija, klase II; ortodontski aparati;
le enje, ishod.

Introduction

Normal occlusion (eugnathia) presents a morphologi-
cally and functionally balanced bite. Disruption of this bal-
ance leads to the formation of malocclusion, with expected
change in force and electromyographic (EMG) activity of the
muscles of the orofacial region 1, 2.

The role of the basic functions of the orofacial region in
the etiology of malocclusion is relatively unknown, because
it is observed that the normal occlusion is often accompanied
by markedly disturbed functions of the orofacial muscula-
ture. On the other hand, according to the Moss and Chalm-
ers 3 theory, the skeleton is formed in response to the soft tis-
sue. Therefore, it is very important to estimate the functional
part in the etiology of certain malocclusion. EMG recording
of orofacial muscle activity is important in scientific re-
search, but even more in clinical practice 2, 4. Craniofacial re-
gion is a part of the organism which consists of organs that
perform many different functions by motor muscle activity.
Jaws and teeth in the rest position are under the constant in-
fluence of external and internal muscles of the orofacial re-
gion 5. The muscles of the orofacial region together with
other factors (shape and position of the tooth bud, craniofa-
cial skeleton form, etc.) play an important role in teeth set-
ting, dental arch shape modifications and other dentoalveolar
structures, establishing jaw relationships, etc. 6. Morphology
of these muscles at the same time depends on the type of
diet, sex, age, and state of development of teeth and jaws 7.
Angle has emphasized that muscles have great influence on
the development of dentition and occlusion formation. It is
well-known that improper function of muscles is one of the
major etiological factors in malocclusion 8. A correlation
between function disorders of orofacial muscle and occlusion
disorders has also been confirmed. Furthermore, a correla-
tion between the bioelectric activity of the masticatory mus-
cles, recorded by EMG, and bite force upon maximal volun-
tary contraction of these muscles has been established 9.

The improper function of muscles is one of the major
etiological factors in malocclusion. Malocclusions present a
common pathological condition of masticatory system. They
are characterized by an irregular contact between the maxil-
lary and mandibular teeth that prevent the necessary effec-
tiveness of jaw movement 10. Malocclusion is usually defined
as a consequence of orofacial system growth disorder,
trauma, poor oral habits, genetic factors and disorders of
masticatory forces balance. Of orthodontics importance are

mandible elevating muscles: m. masseter, m. temporalis, m.
pterygoideus medialis, and mandible depressants such as m.
pterygoideus lateralis and m. genioglossus, which play an
important role in facial morphology and tongue function.
Also important are the facial muscles such as m. mentalis
and m. orbicularis oris 4, 11.

A specific orofacial anomaly is classified by Angle’s
sagittal occlusion irregularities as a second class malocclu-
sion (Class II). This malocclusion is also known as degbis 12.
In people with temporal degbis unfavorable type of chewing
prevails with a significantly reduced abrasion of posterior
teeth. Regarding the function of the orofacial musculature,
there is an increased temporal muscle function with masse-
teric muscle limitation, which is related to the type of chew-
ing 13.

The orofacial muscles region consists of muscles of the
head, face and jaws. They differ in origin, structure and
physiological properties, and are accordingly divided into:
masticatory muscles, facial muscles and muscles of the cra-
nial vault 14.

The group of the masticatory muscles is built of 4 pairs
of muscles: temporal, masseteric, outer and inner pterygoid.
M. temporalis is a broad, flat, fan-shaped muscle that fills
temporal pit. Contraction of its anterior and middle fibers
elevates the mandible and closes the mouth. Contraction of
isolated anterior fibers involves in propulsion, and isolated
contraction of posterior muscle fibers in lower jaw retropul-
sion. Unilateral muscle contractions perform mandible lateral
pulsion. Temporal muscle is especially sensitive to occlusal
interference and is responsible for the position of the jaw in
the vertical direction. Muscle inervation originates from the
deep temporal nerves (temporales profundi), lateral branches
of the mandibular nerve 15. M. masseter is a short, strong,
and thick rectangular muscle, which extends from the zygo-
matic bone arch, lower to the mandible angle, covering the
mandible laterally. M. masseter strongly elevates the lower
jaw and closes the mouth. Isolated contraction of superficial
muscle fibers involves in propulsion, while isolated deep
muscle fibres contraction is involved in retropulsion of lower
jaw. Unilateral muscle contractions perform mandible lateral
pulsion. By its strong action it is involved in food crush-
ing 16. The muscle innervation originates from masseteric
nerve, a lateral branch of the mandibular nerve.

The aim of the study was to analyze the bioelectrical
activity (BA) of m. masseter superficialis and m. temporalis
anterior in different jaw positions both in Angle Class I and
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Class II/2 occlusal relations, periodically – before treatment,
after one year of orthodontic treatment and after orthodontic
treatment with activator.

Methods

The sample consisted of 100 subjects of both sexes,
who were treated at the Dental Clinic of Vojvodina, Novi
Sad, divided into the control and the study groups. The con-
trol group (30 subjects, aged 8–12 years) were subjects with
neutroocclusion and complete dental arches. The study group
(70 subjects, aged 8–12 years) consisted of patients with
distal occlusion and retrusion of upper incisors (Angle's
Class II/2), with complete dental arches, randomly selected
from the current Dental Clinic casuistry, with previously
signed consent.

In both groups EMG analysis was performed for m.
temporalis anterior and m. masseter superficialis in the
physiologic rest position (PR), mandibular central occlusion
(CO), during maximal voluntary contraction of muscles and
saliva swallowing (MVC), in normal occlusion (Angle Class
I malocclusion) and distal occlusion (Angle Class II/2 mal-
occlusion), before the treatment, after one year of treatment
and after orthodontic treatment with the activator. Measure-
ment was done at the constant temperature of 25 C, using the
Medelec Synergy® device. For recording action potentials of
the orofacial muscles we used facial intramuscular coaxial
electrodes, set according to the Greenfield scheme. Before
the testing two lines were determined: horizontal (represent-
ing the Frankfurt horizontal line) and vertical (passing
through the frontal edge of the external acoustic hole). Then
we determined the muscles positions according to their lines:
m. masseter 3 cm forward relative to the vertical line and 6
cm below the horizontal line; m. temporalis 3.6 cm in front
of the vertical line and 5.6 cm above the horizontal line.
EMG was performed symmetrically on the left and the right
side, for both muscles for 20 seconds. Upon registration
EMG activity, EMG device filters are set to 100 Hz–2 KHz.
For evaluation of EMG activity in relaxation (physiological
rest) registered activity was 10 V oscilloscope amplifica-
tion, and the mandibular central occlusion and maximum
voluntary muscle contraction was 250–500 V, depending
on subject's EMG activity. To incorporate the summary of
muscle bioelectric activity integrator is used, and the mean

value of three consecutive measurements were analyzed.
Survey results were analyzed visually with an oscilloscope
and graphical paper representation, in milivolt (mV), as
mean cumulative action potential voltage amplitude.

We used orthodontic records of: history, clinical find-
ings, functional analysis, study models, cephalometric ortho-
pantomographic and profile shots; before, one year after the
treatment and after the treatment was complited. To all the
study group subjects, lower lip activator pelota and upper in-
cisors proclination padel spring were set. Construction bite
brought the lower jaw forward toward class I jaw relation-
ships, with vertical opening of 2–3 mm beyond vertical rest-
ing dimension.

The registered values of the orofacial muscles action
potential changes in determined positions were compared.
We analyzed the correlation between orofacial muscle EMG
activity and occlusal relationships. BA data of the muscles
were analyzed quantitatively describing the results, classified
according to the parameters set out in the study protocol, and
presented in tables and figures.

Statistical analysis consisted of standard statistical
methods, while the significance of the results was deter-
mined by Student's t-test (p < 0.05). For the analysis of the
significance of Pearson's correlation factor (r), the scale val-
ues for r were used: ± 0.2 – ± 0.01 – no significance, ± 0.4 –
 ± 0.2 – weak significance, ± 0.7 – ± 0.4 – significant, ± 0.7 –
 ± 1.0 – very significant correlation.

Results

All the subjects included in this study were divided into
the normal occlusion – Angle Class I (the control group)
(n = 30) and the distocclusion group – Angle Class II (the
study group) (n = 70).  In both groups subjects were 8–12
years old (average age in the control group – 11.23 ± 1.56
years, and in the study group 11.68 ± 1.21 years). The age
difference was statistically insignificant (p > 0.05).

During the research BA was measured for the selected
masticatory muscles in three positions: PR, CO, and MVC.

At the beginig BA was recorded for both groups. Ac-
cording to the results, there was no significant difference in
the left temporal muscle between the two groups, while in
the right temporal muscle the significance was noted in all
three positions (p < 0.05) (Table 1). BA analysis of m. mas-

Table 1
Bioelectrical acitivity of m. temporalis in the subjects with normal bite (Class I) and distocclusion (Class II)

Bioelectrical activity ( V)
Class I (n = 30) Class II (n = 70)M. temporalis

(measured position)  ± SD CV (%)  ± SD CV (%) r p
 Left

PR 8.06 ± 1.94 24.09 6.8 ± 0.62 9.1 -0.4 > 0.05
CO 64.94 ± 19.74 30.4 52.4 ± 13.97 26.66 -0.25 > 0.05
MVC 653.15 ± 109.13 16.71 535.56 ± 137.73 25.72 -0.39 > 0.05

Right
PR 7.70 ± 1.79 23.28 7.06 ± 2.63 37.28 -0.35 < 0.05
CO 70.38 ± 32.86 46.7 57.81 ± 26.0 44.98 -0.36 < 0.05
MVC 635.26 ± 252.6 39.76 559.63 ± 125.92 22.5 -0.39 < 0.05

PR – physiologic rest position; CO – central occlusion; MVC – maximal voluntary contraction; CV – coefficient of variation; r – Pearson's correlation factor.
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seter showed statistical significance (p < 0.05) in both left
and right muscle in all positions, except CO (Table 2).

BA was measured in the study group subjects after the
first year of the activator therapy. In both temporal and mas-
seteric muscles there was a statistically significant difference
between BA (p < 0.05) in all the three positions (Tables 3
and 4). A significant positive correlation (r) was established
in all measuring positions for temporal muscle, while in the
masseteric muscle it was positive and very significant in CO
and MVC position for the left, and PR and MVC positions
for the right muscle.

At the end of research we compared BA in all the po-
sitions for both muscles before and at the end of the therapy
treatment. In the temporal muscle a statistically significant
difference was noted in all positions of the left and the right
muscle, except for the right muscle in MVC position

(535.56 V vs 663.2 V, p > 0.05), but the correlation was
positive and very significant in all the positions, except CO

in the right muscle (r = 0.6), where it was significant (Fig-
ure 1).

In the masseteric muscle a statistically significant dif-
ference was present only in PR and MVC positions for
both left and right muscle (p < 0.05), while a correlation
was positive and of a very high significance for all the po-
sitions in the left and the right masseteric muscle (r > 0.7)
(Figure 2).

Discussion

This electromyographic activity (EA) study on chewing
muscles at Angle Class II/2 confirmed the basic starting
point that improper orofacial muscle function has an impact

Table 2
Bioelectrical acitivity of m. masseter in the subjects with normal bite (Class I) and distocclusion (Class II)

Bioelectrical activity ( V)
Class I (n = 30) Class II (n = 70)M. masseter

(measured position)  ± SD CV (%)  ± SD CV (%) r p

 Left
PR 5.77 ± 2.73 47.36 4.9 ± 1.75 35.78 -0.22 < 0.05
CO 81.69 ± 10.63 13.01 44.97 ± 6.17 13.73 -0.37 > 0.05
MVC 604.21 ± 234.63 38.83 510.12 154.50 30.29 -0.26

Right
PR 6.1 ± 2.21 36.16 5.57 ± 3.08 55.3 -0.31 < 0.05
CO 79.66 ± 28.36 35.6 63.74 ± 19.77 31.02 -0.22 > 0.05
MVC 626.12 ± 191.72 30.62 565.66 ± 179.39 31.71 -0.34 < 0.05

PR – physiologic rest position; CO – central occlusion; MVC – maximal voluntary contraction; CV – coefficient of variation; r – Pearson's correlation factor.

Table 3
Bioelectrical acitivity of m. temporalis in the subjects with distocclusion (Class II), before and after a year of the therapy

Bioelectrical activity ( V)
before therapy after year of the therapyM. temporalis

(measured position)  ± SD CV (%)  ± SD CV (%) r p
 Left

PR 6.8 ± 0.62 9.1 7.46 ± 2.79 37.32 0.85 < 0.05
CO 52.40 ± 13.97 26.66 63.6 ± 16.95 26.66 0.71 < 0.05
MVC 535.56 ± 137.73 25.72 593.97 ± 147.83 24.89 0.83 < 0.05

Right
PR 7.06 ± 2.63 37.28 7.58 ± 4.39 57.92 0.79 < 0.05
CO 57.81 ± 26.0 44.98 64.22 ± 28.89 44.98 0.8 < 0.05
MVC 559.63 ± 125.92 22.5 601.97 ± 205.21 34.09 0.83 < 0.05

PR – physiologic rest position; CO – central occlusion; MVC – maximal voluntary contraction; CV – coefficient of variation; r – Pearson's correlation factor.

Table 4
Bioelectrical acitivity of m. masseter in the subjects with distocclusion (Class II), before and after a year of therapy

Bioelectrical activity ( V)
before therapy after year of the therapyM. masseter

(measured position)  ± SD CV (%)  ± SD CV (%) r p
 Left

PR 4.9 ± 1.75 35.78 5.37 ± 1.92 35.78 0.66 < 0.05
CO 44.97 ± 6.17 13.73 54.9 ± 12.83 23.36 0.81 < 0.05
MVC 510.12 ± 154.50 30.29 549.12 ± 166.31 30.29 0.7 < 0.05

Right
PR 5.57 ± 3.08 55.3 5.81 ± 3.21 55.30 0.75 < 0.05
CO 57.88 ± 19.77 31.02 65.47 ± 20.31 31.02 0.66 < 0.05
MVC 565.66 ± 179.39 31.71 588.0 ± 186.47 31.71 0.78 < 0.05

PR – physiologic rest position; CO – central occlusion; MVC – maximal voluntary contraction; CV – coefficient of variation; r – Pearson's correlation factor.
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on occlusion and that reeducation of modified function is
important in the treatment, affecting treatment results stabil-
ity.

The results show that in the control group with normal
occlusion, Angle Class I malocclusion had a higher mean
bioelectrical potential (BP) of m. temporalis compared to the
m. masseter in the physiologic rest position of the mandible
(15.76 V vs 11.87 V)  and at maximum voluntary muscle
contraction (1288.41 V vs 1230.33 V). Deviations are de-
fined only in central occlusion, where m. masseter showed
higher BP compared to m. temporalis (161.35 V vs. 135.32

V), while during maximal voluntary contraction m. masse-
ter showed BP close to temporal muscle activity, but did not
reach it. These results are consistent with results of studies
by other authors and the cause may be the temporal chewing
type which dominates in this group. However, the results of
the study by Shi and An 17 indicate a higher activity in the
masseteric muscle in normal occlusion compared to distoc-
clusion. These variations can be explained as a consequence
of stress and psychological factors, which are reported in
findings of Ingervall and Bitsanis 18, and are followed by the
increase in impulses coming into the muscle from the central
nervous system in children, during the first registration of
BA of muscles.

Ma et al. 19 noted that independantly on the occlusion
temporal muscles were more active in the postural position
of the mandible, and the masseter in central occlusion during
maximal voluntary contraction of masticatory muscles.

Comparing the results of Castroflorio et al. 20 with the
results of this study, we can conclude that all of the regis-
tered values of masticatory muscles action potentials in our
study, are proportionally higher, which is directly related to
the increased EMG calibration of our device.

The subjects with Angle Class II/2 malocclusion
showed a greater BA of m. temporalis compared to m. mas-
seter in all the measured positions, which can be the conse-
quence of the dominant type of chewing in this group.

Comparative analysis of the BA of the masticatory
muscles in physiological rest, central occlusion of the man-
dible and at maximal voluntary muscle contraction in normal
and distal occlusion, showed that all the registered nominal
values of action potential increased with a statistical signifi-
cance in central occlusion of the mandible, in the control
group compared with the experimental group of subjects
(p < 0.05). These results may be the consequence of the de-
crease in muscle tone of the disturbed occlusal relationship,
and as the result of reducion in the number of active muscle
fibers and impulses coming from the central nervous system,

Fig. 1 –Bioelectrical acitivity of m. temporalis in the subjects with distocclusion (Class II), before and at the end of the
therapy (PR – physiologic rest position; CO – control occlusion; MVC – maximal voluntary contraction).

Fig. 2 – Bioelectrical acitivity of m. masseter in the subjects with distocclusion (Class II), before and at the end of the therapy
(PR – physiologic rest position; CO – control occlusion; MVC – maximal voluntary contraction).
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and the consequential reduction in activated motor units, or a
combination of both. Our results are compatible with this re-
sults of other authors 3, 21, 22. Antonarakis et al. 23 point out
that unlike the Class I malocclusion, where the muscle func-
tion is normal, except in cases of open bite, in Angle Class II
malocclusion there is abnormal muscle activity 23. Lowe et
al. 21 suggests that there is a dependent relationship between
skeletal morphology (size of the mandibular angle and the
degree of parallelism in jaw bases) and EMG amplitude of
the anterior temporal and masseter muscles during maximal
voluntary contraction 21. According to Tuncer et al. 24, dam-
aged muscle activity at Angle Class II/2 can be attributed to
different dentofacial morphology and unstable conditions of
occlusal contact.

The EA of the masticatory muscles in Angle Class II/2
malocclusion significantly increased during the first year of
the treatment with the activator compared to the start of the
therapy. Increasing potential action is approximately equal
for both observed muscles. At the end of the therapy both
muscles activity decreased approaching the values of the ac-
tion potentials of muscles in normal occlusion, but stil not
reaching it. The bioelectric potential values of masticatory
muscles at the end of the treatment were significantly higher
compared to their values before the treatment (p < 0.05).
These results are compatible with the results of Ingervall and
Bitsanis 18 and Stavridi and Ahlgren 25.

Uner et al. 26 have showed the effects of activators on
the masticatory muscles in distal occlusion and found an in-
creased activity in the masseter muscle in the physiologic
rest position of the mandible at the beginning of treatment,
and the reduction of the activity at the end of treatment,
while in the control group there was no change in the re-
corded EMG actions of the muscles examined.

Ingervall and Bitsanis 18 have observed the function of
the masticatory muscles in the first six months and in the
first year after the initiation of the activator therapy in pa-
tients with distal occlusion, and concluded that the increased
muscle activity of the temporal muscle, after starting the
treatment, gradually decreased as the result of adaptation to
the new position of the mandible. Activity of masseteric and
temporal muscle during maximal voluntary contraction and
chewing was influenced by the incisal instability, and the
changes in the activity of these muscles were slight.

Stavridi and Ahlgren 25 have reported an increase of EA
in the masseter muscle during swallowing in patients with
distal occlusion treated with an activator.

Pancherz et al.  27 concluded, by measuring the action
potentials of masseter and temporal muscles in patients with
distal occlusion, that the reduced activity of these muscles
after treatment with activator and Herbst appliance, gradually
increased, approaching the values obtained with normal oc-
clusion, which is compatible with the results of our study.

The BA of the masticatory muscles certainly has an im-
pact on clinical status of malocclusions, but also on perform-
ance of their functions and coordination during the various
mandible movements.

Conclusion

The bioelectrical activity of the masticatory muscles
in the position of physiologic mandible rest and in maximal
voluntary muscle contraction, in Angle Class I malocclu-
sion, was higher in m. temporalis, while in the central oc-
clusion position m. masseter showed a higher activity. In
Angle Class II/2 malocclusion occlusal relationships, prior
to be therapy, the bioelectric activity was higher in m. tem-
poralis. Bioelectrical activity of both muscles in all the
three measured positions was nominally higher in Class I
occlusal relationships when compared to Angle Class II/2
malocclusion. In all the three different mandible positions
with Angle Class II/2 malocclusion, bioelectrical activity
was lowest at the beginnig of the therapy, and increased
during the first year of treatment, and by the end of the
treatment it was partially reduced to the value of normal
occlusion. Masticatory muscles electromyographic activity
research is useful in everyday clinical practice, especially
in the present distinctive skeletal discrepancy before, dur-
ing and after the orthodontic treatment, if on the bases of
the results we can evaluate the treatment, but also deter-
mine the start and the duration of a retention period and
retention device type.
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Abstract

Background/Aim. Although total body irradiation (TBI)
was considered to be the primary cause of thyroid dysfunc-
tion following hematopoietic stem cells transplantation
(HSCT), a significant prevalence of subclinical hypothy-
roidism after HSCT with chemotherapy-only conditioning
regimens has been observed in several studies. The aim of
this study was to assess changes in thyroid stimulating hor-
mone (TSH) levels in children after HSCT, without the use
of irradiation at any time in the course of the treatment.
Methods. Our cohort consisted of 41 children and adoles-
cents who underwent autologous or allogeneic HSCT and
were available for follow-up for at least one year after trans-
plantation. Irradiation was not performed in any of the
subjects, neither during pretransplatation therapy, nor dur-
ing conditioning. The median duration of follow-up was 2.9
years. The indications for HSCT were hematologic malig-
nancy (41.5%), solid malignant tumor (34.1%), and other
disorders (24.4%). The thyroid status of all the subjects was
assessed prior to HSCT and after follow-up period. Re-
sults. Thyroid dysfunction after HSCT was present in 27
(65.8%) subjects. Subclinical hypothyroidism was the most
common abnormality, presenting in 23 (56.1%) patients,
primary hypothyroidism was present in one (2.4%) patient,
while 3 (7.3%) subjects had low free T4 with normal TSH
values. Significantly (p < 0.01) higher elevations in TSH lev-
els were present in the patients who received chemotherapy
for the underlying disease prior to HSCT. Conclusion. Our
findings emphasize the need for long-term monitoring of
thyroid function following HSCT, regardless of whether or
not irradiation was used.

Key words:
hematopoietic stem cell transplantation; child;
adolescent; hypothyroidism; radiotherapy.

Apstrakt

Uvod/Cilj. Iako se smatra da je radioterapija posle trans-
plantacije mati nih elija hematopoeze (TM H) glavni uz-
rok poreme aja tireoidne funkcije, u više istraživanja utvr-

ena je zna ajna prevalencija supklini kog hipotireoidizma
posle TM H kada u sklopu kondicioniranja nije koriš ena
radioterapija, ve  isklju ivo hemioterapija. Cilj ovog istraži-
vanja bio je procena promene u nivoima tireostimulišu eg
hormona (TSH) posle TM H kod dece koja nisu zra ena
tokom le enja. Metode. Ispitivana grupa dece sastojala se
od 41 deteta i adolescenta kojima je u injena autologna ili
alogena TM H i koji su pra eni najmanje godinu dana posle
transplantacije. Radioterapija nije primenjivana kod ispitani-
ka, ni tokom pretransplantacione terapije, niti tokom kondi-
cioniranja. Prose no vreme pra enja iznosilo je 2,9 godina.
Indikacije za TM H bile su: hematološko maligno oboljenje
(41,5%), solidni maligni tumori (34,1%) i druga oboljenja
(24,4%). Tireoidna funkcija svih ispitanika procenjena je pre
TM H i na kraju perioda pra enja. Rezultati. Tireoidna di-
sfunkcija posle TM H utvr ena je kod 27 (65,8%) ispitani-
ka. Naj eš i poreme aj funkcije bio je supklini ki hipotire-
oidizam, kod 23 (56,1%) ispitanika, primarni hipotireoidi-
zam kod jednog (2,4%) bolesnika, dok su 3 (7,3%) ispitanika
imala niske nivoe slobodnog tiroksina i normalne vrednosti
TSH. Zna ajno (p < 0.01) ve a tendencija pove anja kon-
centracija TSH uo ena je kod bolesnika koji su dobijali he-
mioterapiju u sklopu le enja osnovne bolesti pre TM H.
Zaklju ak. Nalazi u injenog ispitivanja ukazuju na neop-
hodnost dugoro nog pra enja tireoidne funkcije posle tran-
splantacije mati nih elja hematopoeze, bez obzira na pri-
menu radioterapije.

Klju ne re i:
transplantacija hematopoeznih mati nih elija; deca;
adolescenti; hipotireoidizam; radioterapija.
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Introduction

The increasing number of performed autologous and
allogeneic hematopoietic stem cells transplantations
(HSCT) in the treatment of acquired and inborn disorders,
along with a substantial decrease in early patient mortality
has resulted in an increased frequency and importance of
late effects of HSCT, especially in children 1–7. The endo-
crine system is well-known to be highly sensitive to both
cytotoxic drugs and radiation used in pretransplant condi-
tioning regimens  8–10. Disorders of thyroid function are the
commonest endocrine complications of HSCT in child-
hood, most notably subclinical hypothyroidism which usu-
ally presents within one year after HSCT with reported in-
cidence of up to 40% 11–13. Although total body irradiation
(TBI) was considered to be the primary cause for thyroid
dysfunction following HSCT, these disorders have also
been observed after HSCT with chemotherapy-only condi-
tioning regimens 14–17. The role of other factors associated
with the development of hypothyroidism following HSCT
remains unclear, including the influence of the underlying
disorders, graft versus host disease or post-HSCT immune
reconstitution 11, 18. Data regarding this matter are scarce,
and although several studies investigated hypothyroidism
as a late complication of childhood HSCT without the use
of TBI in conditioning, most of them were cross-sectional
in design, with no record of the thyroid status of subjects
prior to HSCT, and the patients who received TBI or thy-
roid irradiation treatment before conditioning for HSCT
were not excluded 11, 15.

The aim of this study was to assess the frequency of
hypothyroidism and the factors associated with changes in
thyroid stimulating hormone (TSH) levels in children and
adolescents after HSCT, without the use of TBI or thyroid ir-
radiation at any time in the course of the treatment.

Methods

We studied a group of 41 children and adolescents who
underwent autologous (n = 24) or allogeneic (n = 17) HSCT
at the Institute of Mother and Child Health Care of Serbia
“Dr Vukan upi ”, and who were available for follow-up for
at least one year after transplantation. There were 10 female
and 31 male subjects, aged 2.7–20.5 years (median age 11.4
years). HSCT was performed at the mean age of 8.2 ± 5.3
years, and median duration of follow-up was 2.9 (range 1.0–
6.0) years. The mean age at the diagnosis of the underlying
disease was 7.2 ± 5.3 years, and the indications for HSCT
were: hematologic malignancy (41.5%), namely acute mye-
loid leukemia (n = 7), chronic myelogenous leukemia (n =
2), acute biphenotypic leukemia (n = 1), Hodgkin lymphoma
(n = 3) and Burkitt lymphoma (n = 4); solid malignant tumor
(34.1%), namely neuroblastoma (n = 10), medulloblastoma
(n = 2) and Ewing's sarcoma (n = 2); and other disorders
(24.4%), namely aplastic anemia (n = 4), Wiskott–Aldrich
syndrome (n = 2), -thalassemia major, hemophagocytic
lymphohistiocytosis, mixed connective tissue disease and
Omenn syndrome  (n = 4).

All the patients were clinically euthyroid and none were
treated with L-thyroxin prior to HSCT. The thyroid status of
all the subjects, namely TSH and T4/ free T4 (in regards to
the analysis used at the time of HSCT), was assessed prior to
HSCT and after the follow-up period. Normal thyroid status
was defined by low or normal TSH with normal T4 or free
T4, subclinical hypothyroidism by elevated TSH with normal
T4 or free T4, primary hypothyroidism by high TSH con-
comitant with low T4 or free T4 and central hypothyroidism
by low T4 or free T4 and low or normal TSH. T4 was meas-
ured by radioimmunoassay (RIA T4, INEP; laboratory nor-
mal range: 55.0–160.0 nmol/L), free T4 was measured by
electrochemiluminescence immunoassay (ECLIA Cobas
e411, Roche; laboratory normal range: 12.0–22.0 pmol/L)
and serum TSH was measured using electrochemilumines-
cence immunoassay (ECLIA Cobas e411, Roche; laboratory
normal range 0.27–4.20 mIU/L). Although for descriptive
purposes TSH concentrations higher than 4.0 mIU/L were
considered as elevated in our study, due to different physiol-
ogic reference intervals in children in regards to age and
gender, changes in TSH levels pre- and post-HSCT were also
calculated and analyzed 19.

Irradiation was not performed in any of the subjects,
neither during pretransplatation therapy, nor during condi-
tioning. The therapy for underlying disease prior to HSCT in
34 (82.9%) patients consisted of chemotherapy, while the
remaining seven (17.1%) patients did not receive chemother-
apy prior to HSCT conditioning. All subjects received con-
ditioning regiments without irradiation. As part of pretrans-
plantation regimen, 14 (34.1%) patients received corticoster-
oids for more than 4 weeks, 10 (24.4%) received antithymo-
cyte globulin. Nine (21.9%) patients were given methotrex-
ate for prophylaxis of graft versus host disease.

The differences in the means of variables between the
groups were tested using both parametric and nonparametric
tests depending on the distribution of the variables. Compari-
sons were performed using Student's t-test in the case of
normally distributed continuous variables or Mann–Whitney
U test for non-normally distributed continuous variables.
Paired samples t-test, Wilcoxon signed-rank test and
McNemar’s test were used to test the differences before and
after the treatment. Spearman’s correlation analysis was used
to test the relationship between the TSH change and other
numerical variables. Probability values of less than 0.05 were
considered to be statistically significant, and values were ex-
pressed as frequencies or means ± SD unless otherwise
stated. SPSS version 15.0 (SPSS, Chicago, IL) was used for
statistical analysis.

Results

We found clinical and/or laboratory evidence of thyroid
dysfunction after HSCT in 27 (65.8%) subjects. Subclinical
hypothyroidism was the most common abnormality, pre-
senting in 23 (56.1%) patients, primary hypothyroidism was
present in one (2.4%) patient, while 3 (7.3%) subjects had
low free T4 with normal TSH values. Among the 24 subjects
with elevated TSH levels after HSCT (range 4.08–9.34
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mIU/L), six had TSH > 4.0 mIU/L prior to HSCT (range
4.05–5.55 mIU/L).

According to McNemar’s test, a statistically significant
difference (p < 0.001) was observed regarding the number of
subjects with elevated TSH levels prior to HSCT (n = 8) and
after HSCT (n = 24), and as shown in Table 1, mean TSH
levels of all subjects after HSCT were significantly higher
than mean TSH levels prior to HSCT.

No significant differences were observed in the changes
of TSH levels in regards to gender, underlying disease or
HSCT type (Table 1). Correlation analysis showed no corre-
lation between the changes in TSH levels after HSCT and the
age at diagnosis (  = 0,053; p = 0,753), age at HSCT (  =
0,135; p = 0,411) or the follow up period (  = -0.034; p =
0,839). Also, no correlation was found between TSH levels
prior to HSCT and these parameters.

No significant differences were observed between all
the groups shown in Table 1 in regards to TSH levels before
HSCT, while higher post-HSCT TSH levels were observed
with a borderline significance (p = 0.061) in subjects who re-
ceived chemotherapy prior to HSCT.

Although a greater elevation in the mean TSH levels
after HSCT was observed in the patients who underwent
autologous HSCT and those who received corticosteroids for
more than four weeks, as a well as lower TSH rise in the
subjects who received methotrexate and antithymocyte
globulin (Table 1), these findings were not statistically sig-
nificant. In nine patients who developed graft versus host
disease, no significant differences were observed in either
post-HSCT TSH levels or in relative changes in TSH levels
after HSCT. However, analysis showed significantly (p =
0.003) higher elevations in TSH levels in the patients who

received chemotherapy for the underlying disease prior to
HSCT (Table 1, Figure 1).

Fig. 1 – Thyroid-stimulating hormone (TSH) levels before
and after hematopoietic stem cells transplantation (HSCT)

in regards to chemotherapy prior to HSCT.

Discussion

Compensated hypothyroidism defined as an elevation
of TSH levels in the presence of normal thyroid hormone
concentrations, is recognized as one of the most frequent
complications of HSCT 12, 20. According to the results of pre-
vious studies, the occurrence of hypothyroidism in children
after HSCT has been observed in up to 58% of patients 21. In

Table 1
Thyroid-stimulating hormone (TSH) levels before and after hematopoietic stom cell transplantation (HSCT)

in regards to selected clinical parameters
TSH (mIU/L) aParameters n before HSCT after HSCT p-value

Total 41 2.96 ± 1.58 4.32 ± 1.88 < 0.001a

Gender NS b
male 31 3.15 ± 1.58 4.46 ± 1.90 0.001a

female 10 2.36 ± 1.57 3.92 ± 1.87 0.015c

Indication for HSCT NSb

hematologic malignancy 17 3.03 ± 1.39 4.77 ± 2.23 0.001c

solid tumors and other 24 2.92 ± 1.75 4.00 ± 1.58 0.024c

Type of HSCT NSb

autologous 24 2.77 ± 1.20 4.52 ± 2.00 < 0.001c

allogeneic 17 3.28 ± 2.08 4.04 ± 1.74 NSc

Chemotherapy prior to HSCT 0.003b

no 7 3.93 ± 2.57 3.16 ± 1.36 NSc

yes 34 2.79 ± 1.33 4.56 ± 1.91 < 0.001a

Corticosteroid use > 4 weeks NSb

no 27 3.14 ± 1.73 4.29 ± 1.73 0.005c

yes 14 2.57 ± 1.18 4.39 ± 2.23 0.005a

Methotrexate NSb

no 32 2.95 ± 1.63 4.51 ± 1.96 < 0.001a

yes 9 2.68 ± 1.28 3.51 ± 1.50 NSc

Antithymocyte globulin NSb

no 31 2.79 ± 1.29 4.39 ± 1.90 < 0.001a

yes 10 3.52 ± 2.34 4.11 ± 1.94 NSc

All the values expressed as mean ± SD; NS – no significant difference (p > 0.05); aanalysis performed by t-test; banalysis performed
by Mann-Whitney U test for group comparison of TSH change; canalysis performed by Wilcoxon signed-rank test.
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our cohort, subclinical hypothyroidism as the most com-
mon abnormality of thyroid function after HSCT was dis-
covered in 56.1% of the patients. Although this finding cor-
relates well and is simple to compare to the results of other
studies, having in mind that physiologic reference intervals
for TSH in children differ significantly in regards to age
and gender 19, we focused on the dynamics of TSH change
after HSCT in the present study. These analyses confirmed
a significant increase in TSH in our cohort after HSCT,
which is an important finding having in mind that previous
studies in the prevalence of thyroid dysfunction after HSCT
without irradiation investigated only post-HSCT TSH lev-
els, with no data regarding thyroid status prior to HSCT 11.
Thus, the results of our study complement and further
strengthen the results of other studies regarding thyroid
dysfunction after HSCT with chemotherapy-only condi-
tioning regimens.

Although thyroid dysfunction after HSCT was mainly
linked to the use of TBI 12, 22, 23, the results obtained in our
cohort from subjects that were not exposed to any kind of ir-
radiation therapy during treatment, show a high percentage
of thyroid abnormalities after HSCT with chemotherapy-only
conditioning regimens. This correlates with other reports that
indicate that TBI or thyroid irradiation is not the only cause
of thyroid dysfunction following HSCT 11, 12, 14, 15, 24. Other
proposed factors inducing thyroid injury either directly or in-
directly by modifying immune processes include the under-
lying disease, the process of HSCT, immune reconstitution
and chemotherapy 12, 15, 18, 25. In our cohort, the children who
received chemotherapy prior to HSCT conditioning had a
significant rise in TSH levels after HSCT compared to other

children, who had a slight decrease in TSH levels after
HSCT. Since these groups did not differ significantly in re-
gards to TSH levels before HSCT, a statistically significant
difference in both the change and the post-HSCT TSH levels
between these groups, indicates that the previous chemother-
apy represents a significant risk factor for hypothyroidism
following HSCT with chemotherapy-only conditioning
regimens.

The present study is partially limited by a relatively
small number of subjects in our cohort. However, our results
are strengthened by a well-defined sample of children and
adolescents who underwent HSCT without the use of TBI or
thyroid irradiation at any time in the course of the treatment.
Also, to our knowledge, this is the first study to evaluate the
pre- and post-HSCT dynamics of TSH levels following
HSCT with chemotherapy-only conditioning regimens.

Conclusion

Our results demonstrate a substantial rise in thyroid
stimulating hormone levels following hematopoietic stem
cells transplantation without the use of total body irradiation
or thyroid irradiation. The most common thyroid disorder
was subclinical hypothyroidism, and chemotherapy prior to
hematopoietic stem cells transplantation conditioning was
the most significant factor associated with the increase in
thyroid stimulating hormone levels after hematopoietic stem
cells transplantation. These findings emphasize the need for
long-term monitoring of thyroid function following hemato-
poietic stem cells transplantation, regardless of whether or
not irradiation was used during conditioning.
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Abstract

Background/Aim. Several factors may have influence on
systemic circulation. Additionally, peripheral circulation also
demonstrates sex differences, in young women presenting
significantly lower finger blood flow in comparison to men
of the same age, a finding that disappears in women after
menopause. The aim of this study was to compare the ret-
robulbar hemodynamic parameters measured by means of
color Doppler imaging in women and men with open-angle
glaucoma and elevated intraocular pressure. Methods. A
total of 52 eyes from 52 open-angle glaucoma (OAG) pa-
tients, with elevated intraocular pressure (IOP), were in-
cluded in this cross-sectional study. Peak-systolic velocity
(PSV), end-diastolic velocity (EDV), and Pourcelot resistiv-
ity index (RI) were assessed in the ophtalmic artery (OA),
central retinal artery (CRA), and posterior cilliary arteries
(PCA). IOP was measured both with Goldmann Applana-
tion tonometer (GAT) and with the dynamic contour to-
nometer (DCT), three times respectively. Ocular pulse am-
plitude (OPA) appeared during the DCT measurement. Re-
sults. The retrobulbar hemodynamic parameters did not
show any difference between men and post-menopausal
women. Conclusion. The results of our study did not find
any difference between sexes in patients with open-angle
glaucoma and elevated intraocular pressure.

Key words:
glaucoma, open-angle; men; women; intraocular
pressure; ischemia; eye; diagnosis.

Apstrakt

Uvod/Cilj. Postoji nekoliko faktora koji uti u na sis-
temsku cirkulaciju. Osim toga, periferna cirkulacija po-
kazuje razlike me u polovima, ine i znatno nižim pro-
tok krvi u prstu kod mladih žena nego kod muškaraca
istih godina. Ova razlika nestaje kod žena u menopauzi.
Cilj ovog rada bio je upore ivanje parametara retrobul-
barne cirkulacije izmerenih kolor doplerom kod žena i
kod muškaraca sa glaukomom otvorenog ugla. Metode.
Istraživanjem je bilo obuhva eno 52 oka od 52 bolesnika
(50 i više godina starosti) sa glaukomom otvorenog ugla
i povišenim intraokularnim pritiskom (IOP). Vršni sis-
tolni (PSV), završni dijastolni (EDV) i Pourcelotov in-
deks rezistencije (Ri) mereni su u oftalmi koj arteriji
(OA), centralnoj retinalnoj arteriji (CRA) i zadnjim krat-
kim cilijarnim arterijama (PCA). IOP je meren i Gold-
mannovim aplanacionim (GAT) i dinami kim konturnim
tonometrom (DCT), po tri puta uzastopno. Okularna
pulsna amplituda je dobijana tokom merenja dinami kim
konturnim tonometrom. Rezultati. Analizom parameta-
ra retrobulbarne hemodinamike nije ustanovljena razlika
izme u muškaraca i žena. Zaklju ak. Prema rezultatima
ove studije ne postoji razlika u retrobulbarnoj cirkulaciji
izme u muškaraca i žena sa glaukomom otvorenog ugla
i povišenim IOP.

Klju ne re i:
glaukom, otvorenog ugla; muškarci; žene;
intraokularni pritisak; ishemija; oko; dijagnoza.

Introduction

The term glaucoma covers a wide range of chronic,
multifactorial, and progressive optic neuropathies in which

elevated intraocular pressure (IOP) is an important risk
factor 1–3.

Nevertheless, there is increasing evidence suggesting
that ocular blood flow disturbances are involved both in the
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pathogenesis of glaucoma 4–9 and in progression of glauco-
matous damage 10–12.

Several factors may have influence on systemic circula-
tion. Additionally, peripheral circulation also demonstrates sex
differences, in young women presenting significantly lower
finger blood flow in comparison to men of the same age, a
finding that disappears in women after menopause 13–14.

Many different methods are used to measure directly or
calculate indirectly the ocular hemodynamic parameters in
humans. Among them, the color Doppler imaging (CDI)
combines B-scan grey scale imaging of tissue structure, color
representation of blow flow based on Doppler shift and
pulsed Doppler measurement of blood flow velocities. This
method is used, in ophthalmology, to measure blood flow
velocities in retrobulbar vessels 6, 15–17.

The aim of this study was to compare the retrobulbar
hemodynamic parameters measured by means of color Dop-
pler imaging in women and men (age 50 and more) with
open-angle glaucoma and elevated intraocular pressure.

Methods

This prospective cross-over study was conducted on
consecutive recruited patients who met inclusion and exclu-
sion criteria, seen at the University Eye Clinic, Clinical
Center of Serbia in Belgrade, from December 2009 to De-
cember 2010.

This study was approved by the Ethics Committee of
the University Eye Clinic, Clinical Center of Serbia, and was
conducted in accordance with Good Clinical Practice and the
tenets of the Declaration of Helsinki. The patients signed an
informed consent form before inclusion.

All the participants were required to meet the following
inclusion criteria: age equal to or higher than 50 years, clini-
cal diagnosis of open-angle glaucoma in early to moderate
stage 18, IOP equal or higher than 25 mmHg without treat-
ment and willingness to comply with the investigators and
protocol indications.

The patients were excluded if they had other type of
glaucoma different than open-angle glaucoma, previous
treatment with ocular filtering surgery, the history of previ-
ous refractive surgery, any hormonal therapy, acute myocar-
dial infarction or stroke within the past three month, diabe-
tes, the history of progressive retinal or optic nerve disease
of any cause, and asthma or any other obstructive pulmonary
disease.

All the patients underwent complete ophthalmologic
examination, Goldmann applanation (GAT) (Goldmann to-
nometer; Haag Streit AG, Koeniz, Switzerland) and dynamic
contour tonometry (DCT) (Dynamic Contour tonometer;
Ziemer Ophthalmic Systems, Port, Switzerland), central cor-
neal thickness (CCT) with ultrasound pachymetry (Palm
Scan AP 2000, Ophthalmic Ultrasound, Micro Medical De-
vices, Inc., Clabasas, CA, USA), visual field examination
(Humphrey VFA, Carl Zeiss Meditec) and confocal scanning
laser retinal tomography (HRT II) (Heidelberg Engineering
Inc. Heidelberg, Germany). IOP was measured both with
GAT and DCT, three times respectively. After a decrease of

elevated IOP (IOP < 20 mmHg), both by medications or by
surgery, we repeated GAT and DCT. Ocular pulse amplitude
(OPA) appeared during the DCT measurement.

Hemodynamic parameters were measured in the oph-
thalmic artery (OA), central retinal artery (CRA), and poste-
rior cilliary arteries (PCA). Peak systolic (PSV) and end-
diastolic (EDV) velocities were measured. Peak systolic ve-
locity and EDV were used to calculate the Pourcelot resis-
tivity index (RI) using the following equation: RI = PSV -
EDV PSV 19. All color Doppler imaging (CDI) examinations
(model Antares; Siemens, Munich, Germany) were per-
formed by the same experienced observer, who was masked
to the diagnosis. Evaluations of blood pressure and radial
pulse were obtained in a supine position after 10 min of rest.
Systolic (SBP) and diastolic blood pressure (DBP) were
measured in the upper right arm using a mercury sphygmo-
manometer and heart rate (HR) was measured by palpation
of the radial pulse. These parameters were obtained every 10
min, during Doppler examination.

Descriptive statistics (mean and standard deviation) and
95% confidence intervals (95% CIs) were used to report
demographic and ocular baseline characteristics. Data were
tested for normal distribution using a D’Agostino-Pearson
test 20. As data were normally distributed, a two-tailed, inde-
pendent samples Student’s t-test was used to evaluate the
IOP and the hemodynamic parameters by intergroup com-
parisons. Because of the large number of tests, simultaneous
inference using the Bonferroni correction was used to correct
the p -value ( /9). Statistical significance was accepted for p
< 0.0055.

Statistical analysis was performed using Med-
Calc11.5.1.0 (MedCalc software, Mariakerke, Belgium).

Results

Of the 60 patients who were screened, 52 (22 women
and 30 men) fulfilled the respective demands of the inclusion
and exclusion criteria. The mean (SD) [95% confidence in-
terval (CI)] age was 70.7 (9.9) [66.6 to 74.8] and 68.3 (12.9)
[63.7 to 72.9] years in women and men, respectively. The
main clinical and demographic characteristics are summa-
rized in Table 1.

Regarding the retrobulbar hemodynamic parameters,
there were no significant differences between women and
men (Table 2).

Discussion

The results of our study suggested no differences in the
retrobulbar hemodynamic parameters between the women of
50 years and more and age-matched men with open-angle
glaucoma and elevated IOP.

There are relatively few studies that evaluate possible
differences in the retrobulbar hemodynamic parameters be-
tween sexes in open-angle glaucoma patients.

In a cross sectional study Harris et al. 21 evaluated the
influence of age on retrobulbar circulation assessed with
color Doppler. Based on the results of this study, it seemes
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that women and men show different behavior. In women not
receiving estrogen replacement therapy older age is associ-
ated with reduced EDV, constant PSV, and elevated resistiv-
ity index in posterior cilliary arteries. Although our study did
not evaluate the impact of age on the retrobulbar hemody-
namic, we did not find any difference between men and
women in these parameters.

It is well-known that peripheral and central circulations
respond differently to the status of sexual hormones. Harris-
Yitzhak et al. 22 examined the role that estrogen may play on
retrobulbar arteries. This study reports that estrogen-
replacement therapy in postmenopausal women apparently
helps to reduce vascular resistance distal to the ophthalmic
artery to the levels matching those of young women. Simi-
larly, Centofanti et al. 23 and Kavroulaki et al. 24, observed

higher choroidal blood flow in premenopausal women. In
our study women did not take estrogen replacement therapy
and that fact might justify the lack of differences in retrobul-
bar circulation among them.

In our study we did not evaluate hormonal involvement
in men and women, nor its correlation with retrobulbar cir-
culation. Hormonal therapy was one of the exclusion criteria
for our study.

Conclusion

The results of our study show no difference between
sexes in patients with open-angle glaucoma and elevated in-
traocular pressure. Further investigations are needed in this
field to clarify these results.

Table 1
Baseline demographic and clinical characteristics of the patients

Women (n = 22) Men (n = 30)Characteristics mean (SD) [95% CI] mean (SD) [95% CI] p-value

Age (years) 70.7 (9.9) 68.3 (12.9)
[66.6 – 74.8] [63.7 – 72.9]

0.367

CCT ( ) 558.5 (36.3) 550.3 (40.3)
[543.3 – 573.7] [535.9 – 564.7]

0.447

IOP (mm Hg) 30.8 (7.9) 31.2 (9.2)
[27.7 – 33.9] [27.4 – 35.0]

0.850

0.715

OPA (mm Hg) 4.2 (1.4) 4.1 (1.2)
[3.6 – 4.8] [3.7 – 4.5]

0.515

MD (dB) -3.2 (3.3) -2.8 (3.2)
[-4.6 –  -1.8] [-3.9 – -1.7]

0.681

PSD (dB) 2.6 (1.9) 2.6 (2.1)
[1.8 – 3.4] [1.8 – 3.4]

0.958

SD – standard deviation; 95% CI – 95% confidence interval; CCT – central corneal thickness; IOP – intraocular pressure; OPA – ocu-
lar pulse amplitude; MD – mean defect; PSD – pattern standard deviation.
p-values were calculated comparing the parameters at baseline between the two study groups (one-way ANOVA test); p-values were
considered statistically significant if lower than 0.05.

Table 2
Comparison of the retrobulbar hemodynamic variables between the women and men

Women (n = 22) Men (n = 30)Parameter Mean (SD) 95% CI Mean (SD) 95% CI p value

PSV OA 54.9 (29.9) 42.4 – 67.4 57.5 (21.4) 48.6 – 66.4 0.733
EDV OA 16.6 (11.9) 11.6 – 21.6 17.5 (12.2) 12.4 – 22.6 0.785
RI OA 0.72 80.12) 0.67 – 0.77 0.71 (0.10) 0.67 – 0.75 0.903
PSV CRA 24.7 (9.5) 20.9 – 28.5 28.6 (10.2) 24.3 – 32.9 0.266
EDV CRA 7.3 (2.4) 6.3 – 8.3 9.9 (3.9) 8.3 – 11.5 0.377
RI CRA 0.68 (0.14) 0.62 – 0.74 0.67 (0.11) 0.63 – 0.71 0.878
PSV PCA 27.7 (12.9) 22.3 – 33.1 33.1 (13.3) 27.5 – 38.7 0.173
EDV PCA 9.0 (3.7) 7.5 – 10.5 9.4 (4.5) 7.5 – 11.3 0.713
RI PCA 0.64 (0.13) 0.59 – 0.69 0.68 (0.14) 0.62 – 0.74 0.294

SD – standard deviation; 95% CI – 95% confidence interval; PSV – peak systolic velocity; EDV–end-diastolic velocity; RI – resistivity
index; OA – ophthalmic artery; CRA – central retinal artery; PCA – posterior cilliary artery.
Unpaired Student’s t-test (p-values were considered statistically significant if lower than 0.05).
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Abstract

Background/Aim. Chronic respiratory insufficiency is a
pathological state which occurs as a result of respiratory
system inability to maintain normal gas exchange between
the outside air and circulating blood. For the purposes of
human organism’s proper functioning, it is necessary that a
certain amount of air in the lungs comes into contact with a
certain amount of blood within a unit of time, so that an
adequate hemoglobin oxygenation could be achieved. Then,
hemoglobin from erythrocytes in the blood supply delivers
oxygen to all the tissues and cells of the body including the
eye. Direct impact of hypoxemia and hypercapnia on the
wall of arterioles, venules and capillaries results in a severe
vasodilatation along with the increased permeability of the
walls causing clinically evident changes in the retina. The
aim of this study was to determine the degree of ocular
changes in retina with patients suffering from chronic respi-
ratory insufficiency. Methods. A prospective study was
conducted on 80 patients, 40 patients with respiratory fail-
ure and 40 patients with chronic obstructive pulmonary dis-
ease an and bronchial asthma (the control group). In all the
patients direct and indirect ophthalmoscopy and fluoresce-

ine angiography was performed. Clinically visible fundus
and retina changes in patients suffering from chronic respi-
ratory failure were categorized as mild (dilatation and retinal
veins and arteries tortosion up to the mid-periphery), mod-
erate (retinal hemorrhage) and severe (optic nerve edema,
macular edema, superficial and deep retinal hemorrhages
and venous occlusion). Results. In the patients suffering
from respiratory insufficiency the changes in retinal blood
vessels were found [in 18 (45%) mild, in 13 (32.5%) moder-
ate, and in 9 (22%) severe], while in the patients with
chronic obstructive pulmonary disease and bronchial
asthma (without respiratory insufficiency) no changes were
recognized. Conclusion. The results of this study indicate
the need for ophthalmologic examination in patients with
chronic respiratory insufficiency. It is important to recognize,
identify and quantify the changes on retinal blood vessels
which are clinically significant. It is necessary to provide
their monitoring and to prescribe proper therapeutic treat-
ment in order to preserve visual functions.

Key words:
respiratory insufficiency; pulmonary disease, chronic
obstructive; anoxia; retinal disease; optic nerve.

Apstrakt

Uvod/Cilj. Hroni na respiratorna insuficijencija je patološ-
ko stanje koje nastaje kao posljedica nesposobnosti respi-
ratornog sistema da održava normalnu razmjenu gasova iz-
me u spoljnog vazduha i cirkulišu e krvi. Za potrebe orga-
nizma neophodno je da odre ena koli ina vazduha u plu i-
ma do e u kontakt sa odre enom koli inom krvi u jedinici
vremena, radi adekvatne oksigenacije hemoglobina. Dalje,
hemoglobin u eritrocitima krvnom strujom doprema kiseo-
nik do svih tkiva i elija organizma, pa i oka. Direktnim dej-
stvom hipoksemije i hiperkapnije na zid arteriola, venula i
kapilara, nastaje izrazita vazodilatacija uz pove anu permea-
bilnost zidova usled ega nastaju klini ki vidljive promjene
na retini. Cilj ovog rada bio je da se utvrdi stepen oftalmolo-

ških promjena na retini kod bolesnika sa hroni nom respi-
ratornom insuficijencijom. Metode. Sprovedena je prospe-
ktivna studija koja je obuhvatila 80 bolesnika, 40 sa respira-
tornom insuficijencijom i 40 oboljelih od hroni ne opstruk-
tivne bolesti plu a i bronhijalne astme (kontrolna grupa).
Oftalmološki pregledi su vršeni direktnom i indirektnom
oftalmoskopijom, a po potrebi ra ena je i fluoresceinska an-
giografija. Klini ki vidljive promjene na o nom dnu, odnos-
no retini, kod bolesnika sa hroni nom respiratornom insufi-
cijencijom, klasifikovane su kao blage (dilatacija i tortoznost
retinalnih arterija i vena do srednje periferije), umjerene (re-
tinalne hemoragije) i teške (edem opti kog nerva, makularni
edem, površna i duboka retinalna krvarenja i venske okluzi-
je).  Rezultati. Kod bolesnika sa respiratornom insuficijen-
cijom na ene su promjene na retinalnim krvnim sudovima
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[kod 18 (45%) lake, kod 13 (32,5%) umjerene i 9 (22,5%) te-
ške], dok kod bolesnika sa hroni nom opstruktivnom boleš-
u plu a i bronhijalnom astmom (bez respiratorne insufici-

jencije) promjene nisu na ene. Zaklju ak. Rezultati ovog
istraživanja ukazuju na potrebu oftalmološkog pregleda bo-
lesnika sa respiratornom insuficijencijom. Važno je da se
uo e, prepoznaju i kvantifikuju klini ki zna ajne promjene

na krvnim sudovima retine. Neophodno je njihovo pra enje
i odabiranje adekvatnog terapijskog le enja u cilju o uvanja
vidne funkcije.

Klju ne re i:
respiratorna insuficijencija; plu a, opstruktivne bolesti,
hroni ne; anoksija; retina, bolesti; n. opticus.

Introduction

Respiratory insufficiency is an ill condition that is the
result of respiratory system inability to transmit normal ex-
change of respiratory gases between the outside air and cir-
culating blood 1–4. It is characterized by a decreased partial
pressure of oxygen (PaO2) (hypoxemia) in arterial blood and
reduced saturation (hyposaturation) with hemoglobin oxygen
(SaO2), with normal or elevated partial pressures of carbon
dioxide (PaCO2) (hypercapnia).

If the breathing process is properly conducted, arterial
values PaO2, PaCO2 and pH will be in the physiological
range. Hypoxemia includes a reduced PaO2 in arterial blood
below 9.3 kPa on average (normal pressure depends on
age), hemoglobin saturation below 0.94, while the occur-
rence of hypercapnia is the elevated partial in arterial blood
over 6 kPa. 5, 6. Respiratory insufficiency may be acute or
chronic.

The natural course of chronic respiratory failure is
characterized by occasional acute deteriorations, which is
called respiratory decompensation. Acute deterioration of
chronic respiratory failure is defined through finding of res-
piratory gases in arterial blood when PaO2 < 50 mmHg
and/or PaCO2 > 50 mmHg 2, 6, 7.

Signs and symptoms of pulmonary insufficiency are
manifested at the stage of pulmonary decompensation. Se-
vere hypoxemia and hypercapnia lead to many metabolic,
circulatory, respiratory, enzymatic, endocrine and hemato-
logic disorders. Facies of patients get polyglobulic, pletoric
and cyanotic look.

Hyperemia of the conjunctiva and sclera is fully shown,
often exophthalmia, bloatedness and sweating over the entire
face, particular glow in the eyes that get brilliant, and tearful
appearance called “frog faces” can be observed.

Ophthalmologic examination shows dilated and visible,
tortoise blood vessels of retina, superficial and deep retinal
hemorrhages with macular and papillary edema 8, 9.

Three basic changes in arterial blood resulting in
chronic pulmonary insufficiency are hypoxemia, hypercap-
nia, changes in acid-base balance in the direction of acidity.
They affect retinal blood vessels in terms of alterations in
blood flow.

The eye allows visualization of its circulation 10–14. The
retina is translucent, and the visible part of the retina is intra-
retinal vascular stem. Alterations that attack the intraretinal
vascular stem caused by arterial hypertension, arteriosclero-
sis, diabetes mellitus, sickle cell disease, and conditions such
as hyperviscosity, embolic and thrombotic phenomena, can
be observed 15. The eye is a complex organ that has a number

of different microcirculation systems to help its needs.
Structural, neurological and permeability differences can be
found in different intravascular microcircular structures. Mi-
cro blood vessels in every type of tissue continuously moni-
tor the needs of tissue, such as nutrition and accumulation of
harmful products in the tissues, which in turn controls local
blood flow with great precision at a level appropriate to the
activities of tissue. Also, the neural control provides addi-
tional attributes for controlling the flow of blood 11, 16. The
vasodilator theory of blood flow local regulation indicates
that the higher metabolic activity and the lower blood flow or
lesser delivery of oxygen and nutrients into the tissue sub-
strate, the more quickly vasodilator substances are generated.
It is considered that the vasodilator matters could be: adeno-
sine, CO2, lactate, ADP, histamine, K+ ions, H+ ions. They
diffuse to precapilar structures (meta-arterioles and arteri-
oles) and cause vasodilatationm 17. The theory of metabolic
control of the local flow is based on tissue requirements for
oxygen and other nutritive substances. When the delivery of
oxygen and other nutritive substances is inadequate, blood
vessels dilate themselves. Thus, in the kidneys and the brain
local control of blood flow depends on tissue concentration
O2, CO2 and H2 18.

The aim of this study was to determine the degree of
retinal vascular changes in patients with chronic pulmonary
insufficiency, in order to estimate any correlation between
the severity of clinical signs on the retina and the severity
and deterioration of hypoxemia and hypercapnia, as well as
to clearly differentiate clinical and morphological changes of
the retina caused by hypoxemia and hypercapnia.

Methods

The study included a total of 80 patients, 40 patients
with chronic pulmonary  disease and 40 patients with chronic
obstructive pulmonary disease (COPD) and bronchial asthma
(the control group). The survey was conducted at the Oph-
thalmology Clinic in Podgorica, Specialized Hospital for
Lung Diseases in Brezovik, Department for Pulmonology
and Clinical Center of Montenegro, Podgorica, in the period
from January 2009 to January 2011, and in patients who also
were treated in the Pulmonary and Ophthalmology Institutes
of Clinical Center of Serbia, Belgrade. The survey was con-
ducted with the approval of the Ethic Committee of the
above mentioned institutions.

The study consisted of laboratory and clinical phases
testing. The subjects with chronic respiratory failure were in
different conditions, from those with stable conditions to
those with acute deterioration. The participants of the control
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group had COPD and bronchial asthma. The laboratory
phase included analysis of PaCO2 and PaO2 in arterial blood.
The measurement of these parameters was performed by
taking a blood from brachial and radial arteries or peripheral
parts of the body (fingertip and earlobe). Clinical-stage test-
ing included biomicroscope eye bottom scan with lenses, in-
directly; ophthtalmological examination, and examination of
the eye contact Goldmann bottom glass with three mirrors,
and, finally, fluorescein angiography (FA) – a diagnostic
method that is used for the interpretation of pathological

conditions of the eye. FA is a method to show the vascular
structures of various layers of retinal tissue and analyze the
dynamics of circulation. FA is not only diagnostic technique,
but also a way of controlling the evolution of lesions on the
retina, in the same time being a help in the therapeutic indi-
cation, especially in retinal laser photocoagulation. By oph-
thalmologic eye examination, we classified the bottom
changes to mild, moderate and severe. Retinal-vascular
changes are the result of interaction of hypoxemia, hyper-
capnia, and clinically are visible as: segmented, tortuous,
large and dilated retinal blood vessels (mild changes) retinal
hemorrhages (moderate changes) and optic nerve papil-
loedema, macular edema, superficial and deep retinal hemor-
rhages and venous occlusion of blood vessels (severe
changes).

The subjects were divided into three groups based on
the presence of retinal-vascular changes.

Statistical data analysis was performed using 2 test to
estimate the statistical significance of differences in the fre-
quency of occurrence of certain characteristics in the study
and the control group and between them. The value of p <
0.05 was considered statistically significant.

Results

This study included a group of 40 patients with
chronic pulmonary insufficiency (the study group) and the
control group (40 patients) with COPD and bronchial
asthma.

The analysis of demographic data shows that in the
study group most patients were aged 60 to 69, and in the
control group between 40 and 49 (Table 1), while in terms of
gender in both groups the majority were men (Table 2).

There were no statistically significant differences be-
tween the study and the control group in relation to gender (p
> 0.05). The ratio of men and women between the study and
the control group was 53.85%: 46.15% and 42.86%: 57.14%,
respectively.

Analysis of respiratory gases in arterial blood in the
study group showed that the value of the partial pressure
of oxygen (PaO2) less than 50 mmHg was present in
77.5% of the subjects, and PaCO2 values of more than 60
mmHg in 85% of participants which corresponds to acuti-
sation of chronic respiratory failure. Only 15% of the
participants of the study group had PaCO2 values < 60
mmHg (Table 3).

In the control group, the average values of PaO2 were
65.24 mmHg in men and 65.03 mmHg in women, and aver-
age values of PaCO2 36.11 mmHg in men and 36.40 mmHg
in women.

Therefore, we analyzed the changes found in blood ves-
sels of the retina in the 40 patients of the study group. The
analysis showed that 45% of the patients in the study groups
had mild forms of changes, 32.50% moderate changes, and
22.50% severe changes (Table 4).

Table 1
Demographic characteristics by the groups

Age (years), range Men (n) Women (n) Total (n)
Study group
    50–59 9 2 11
    60–69 11 6 17
    70–79 8 4 12
Control group
    30–39 6 4 10
    40–49 14 8 22
    50–59 3 3 6
    60–69 1 1 2
    70–79 0 0 0
Study group – patients with chronic respiratory insuficiency;
Control group – patients with chronic obstructive pulmonary disease and asthma.

Table 2
The subjects of the study and the control group by gender

Sex, n (%)Groups of patient male female
Total
n (%)

Study 28 (53.85*; 70†) 12 (42.86*; 30†) 40 (50*; 100†)
Control 24 (46.15*; 60†) 16 (57.14; 40†) 40 (50*; 100†)
Total 52 (100*; 65†) 28 (100*; 35†) 80 (100*; 100†)
Study group – patients with chronic respiratory insuficiency;
Control group – patients with chronic obstructive pulmonary disease and asthma.
* – vertical; † – horizontal.
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Discussion

Our study showed that in patients with chronic respira-
tory insufficiency there were changes in retinal blood ves-
sels. These changes are the result of hypoxemia and hyper-
capnia in retinal blood vessels. Hypoxemia and hypercapnia
occur as a result of permanent damage of lung function in
chronic respiratory insufficiency 7.

Small changes in oxygen concentration cause changes in
blood flow in large diameter retinal blood vessels. Hypercapnia
has larger impacts on the macular flow increasing it to 24%. The
similar happens in large blood vessels, but it does not change the
diameter of  blood vessels. Chronic hypoxemia causes slight
changes in the retina, which are reflected in segmented dilatation
and tortuosity of large retinal blood vessels 15, 17.

The interactive action of hypoxemia and hypercapnia
causes moderate changes in the retina (retinal hemorrhage)
when sudden outbreak of hypoxemia and hypercapnia, pap-
illoedema of the optic nerve and macular edema appear, to-
gether with superficial and deep retinal hemorrhage and
thrombosis.

Our study included 80 patients, 40 of whom were
chronic pulmonary insufficiency, and 40 with COPD and
bronchial asthma and in stable condition without a signifi-
cant respiratory insufficiency. The research showed that
pulmonary disease may in the course of its evolution lead to
permanent damage of lung function, and in the terminal stage
to chronic pulmonary failure.

The study group was dominated by men (70%). In the
control group there was 60% of men, and 40% of women.
These relationships do not indicate any statistically signifi-
cant differences between the groups in relation to gender.
The data provided correspond to those listed in our bibliog-
raphy 1, 2, 6.

Lung diseases presented in our patients are widespread
in both industrialized countries and in developing countries.
Smoking habits, environmental pollution, substandard hous-
ing conditions and working environment, rapid urbanization,
contribute to causes of these lung diseases. These diseases
are undoubtedly more common with adult men.

However, in recent years more and more women suffer
because of the widespread habit of smoking.

Table 3
The values of partial pressure of oxygen (PaO2) and partial pressure of carbon dioxide (PaCO2)

of the study group participants according to gender
Sex, n (%)Partial pressure of O2 and

CO2 in arterial blood
(mmHg), range male female

Total
n (%)

PaO2
  35–39 12 (42.86*; 100†) 0 (0*; 0†) 12 (30*; 100†)
  40–44 6 (21.43*;60†) 4 (33.33*; 40†) 10 (25*; 100†)
  45–49 5 (17.86*; 55.56†) 4 (33.33*; 44.44) 9 (22.15; 100†)
  50–54 3 (10.71*; 60.5†) 2 (16.67*; 40†) 5 (12.5; 100†)
  55–59 2 (7.14*; 66.67†) 1 (8.33*; 33.33†) 3 (7.5; 100†)
  60–64 0 (0*; 0†) 1 (8.33*; 100†) 1 (2.5; 100†)
  65–69 0 (0*; 0†) 0 (0*; 0†) 0 (0*; 0†)
Total 28 (100*; 70†) 12 (100*; 30†) 40 (100; 100†)
PaCO2
  30–39 0 (0*; 0†) 0 (0*; 0†) 0 (0*; 0†)
  40–49 0 (0*; 0†) 0 (0*; 0†) 0 (0*; 0†)
  50–59 3 (10.71*; 50†) 3 (25*; 50†) 6 (15*; 100†)
  60–69 5 (17.86*; 45.45†) 6 (50*; 54.55†) 11 (27.5*; 100†)
  70–79 2 (7.14*; 66.67†) 1 (8.33*; 33.33†) 3 (7.5*; 100†)
  80–89 9 (32.15*; 81.82†) 2 (16.67*; 18.18†) 11 (27.5*; 100†)
  90–99 4 (14.29*; 100†) 0 (0*; 0†) 4 (10*; 100†)
  100–109 3 (10.71*; 100†) 0 (0*; 0†) 3 (7.5*; 100†)
  110–119 2 (7.14*; 100†) 0 (0*; 0†) 2 (5*; 100†)
Total 28 (100*; 70†) 12 (100*; 30†) 40 (100*; 100†)

Study group – patients with chronic respitratory insufficiency.
* – vertical; † – horizontal

Table 4
The degree of changes in the retina of the patients in the study group

Se x, n ( %)Degree of retinal
changes male female

Total
n (%)

No 0 (0*; 0†) 0 (0*; 0†) 0 (0*; 0†)
Mild 9 (31.24*; 50†) 9 (75*; 50†) 18 (45*; 100†)

Moderate 10 (35.72*; 76.92†) 3 (25*; 23.08†) 13 (32.5*; 100†)
Severe 9 (32.14*; 100†) 0 (0*; 0†) 9 (22.5*; 100†)
Total 28 (100*; 70†) 12 (100*; 30†) 40 (100*; 100†)
Study group – patients with chronic respitratory insufficiency.
* – vertical; † – horizontal
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In the study group the patients were mainly adults be-
tween 50 and 79. Most of them were in the age group be-
tween 60 and 69, 17 (42.50%), and the fewest in the age group
between 50 and 59, 11 (27%). In the control group there were
adults  of the age of 30 and 70. Most sufferers were in the age
group between 40 and 49, 22 (55%), the fewest were in the
age group between 60 and 69, 2 (5%). This finding is analo-
gous to the findings in the bibliography 17, l9.

Chronic pulmonary insufficiency occurs in adults and
elderly population, together with COPD, while bronchial
asthma is prevalent in younger population.

Examining PaO2 values in relation to sex, it can be con-
cluded that the distribution of respondents by PaO2 was very
uneven. In the study group the values of PaO2 up to 50 mm
Hg were present in 77.5% of respondents, and more than 50
mm Hg in 22.5% of them.

In the control group subjects had no significant respi-
ratory failure, and the average value of PaO2 for men was
65.24 mm Hg and for women 65.03 mm Hg.

In the study group PaO2 was less than 50 mm Hg in
77.5% of the patients, while in the control group none of the
participants had the PaO2 lower than 65 mmHg. This ex-
plains the nature and course of lung disease.

Chronic pulmonary insufficiency is a condition with se-
verely impaired lung function, varying degrees of hypoxe-
mia, and/or hypercapnia, whereas in COPD and bronchial
asthma, there is a slight disturbance in arterial blood gases in
stable condition 5, 20, 21.

In the study group PaCO2 values up to 60 mmHg were
present in only 15% of the patients. In the control group, all
subjects had lower PaCO2 of 45 mmHg (the average values
of PaCO2 were 36.11 mmHg for men and 36.40 mmHg for
women).

It was observed that in the study group due to hypoxe-
mia and hypercapnia there were changes in the retinal blood
vessels in all patients. Most of the respondents had a mild
form of changes, 18 or 45%, followed by the moderate
changes, 13 or 32.5%, while heavy changes had 9 (22.5%) of
the patients. In the control group, since there were no signifi-
cant disturbances of respiratory gases, no respondent showed
any changes in the retina. Our findings are similar to those of
American authors 10, 11.

The results of this study on the changes in blood vessels of
the eye bottom in patients with chronic respiratory failure indi-
cate the need for the same ophthalmologic examination, moni-
toring and selecting the appropriate therapeutic procedure 22, 23.

With the correct interpretation of clinical findings, an
ophthalmologist should act timely to: recognition, control
and monitoring of retinal vascular changes in patients with
chronic respiratory insufficiency, setting the indications for
laser photocoagulation, and setting the indication for fluores-
cein angiography 24, 25.

Treating patients with severe changes is a particular
problem because of the threat visual function. It is possible
to maintain a satisfactory visual retinal function with an ade-
quate laser photocoagulation applied timely.

Conclusion

The results of this study indicate the need for ophthal-
mologic examination in patients with chronic respiratory in-
sufficiency.

Early detection, monitoring and selection of patients for
active treatment is of a major importance in the treatment of
severe retinal-vascular changes in patients with chronic res-
piratory insufficiency in the stage of decompensation.
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Abstract

Background/Aim. During recent years, the widespread
use of mobile phones has resulted in increased human ex-
posure to electromagnetic field radiation and to health risks.
Increased usage of mobile phones at the close proximity
raises questions and doubts in safety of mobile phone users.
The aim of the study was to assess an electromagnetic field
radiation exposure for mobile phone users by measuring
electromagnetic field strength in different settings at the
distance of 1 to 30 cm from the mobile user. Methods. In
this paper, the measurements of electric field strength expo-
sure were conducted on different brand of mobile phones
by the call-related factors: urban/rural area, indoor/outdoor
setting and moving/stationary mode during calls. The dif-
ferent types of mobile phone were placed facing the field
probe at 1 cm, 10 cm, 20 cm and 30 cm distance. Results.
The highest electric field strength was recorded for calls
made in rural area (indoors) while the lowest electric field
strength was recorded for calls made in urban area (out-
doors). Calls made from a phone in a moving car gave a
similar result like for indoor calls; however, calls made from
a phone in a moving car exposed electric field strength two
times more than that of calls in a standing (motionless) po-
sition. Conclusion. Electromagnetic field radiation depends
on mobile phone power class and factors, like urban or rural
area, outdoor or indoor, moving or motionless position, and
the distance of the mobile phone from the phone user. It is
recommended to keep a mobile phone in the safe distance
of 10, 20 or 30 cm from the body (especially head) during
the calls.

Key words:
electromagnetic fields; cellular phone; risk assessment;
health.

Apstrakt

Uvod/Cilj. Tokom zadnjih godina rasprostranjeno koriš e-
nje mobilnih telefona ima za posledicu pove ano izlaganje
ljudi zra enju elektromagnetnog polja, a time i rizicima za
svoje zdravlje. Pove ano koriš enje mobilnih telefona na
malom rastojanju name e pitanja i izaziva sumnju u bezbed-
nost njihovih korisnika. Cilj ove studije bio je da utvrdi izlo-
ženost korisnika mobilnih telefona zra enju elektromagnet-
nog polja merenjem ja ine elektromagnetnog polja u razli i-
tim okruženjima na rastojanju od 1 do 30 cm od korisnika
telefona. Metode. U ovoj studiji vršena su merenja izloženo-
sti korisnika raznih marki mobilnih telefona zra enja elektro-
magnetnog polja mobilnih telefona pomo u faktora koji se
odnose na poziv: gradska/seoska zona, zatvoren/otvoren
prostor i kretanje/mirovanje tokom poziva. Razni tipovi mo-
bilnih telefona postavljani su okrenuti prema sondi za mere-
nje na rastojanja od 1 cm, 10 cm, 20 cm i 30 cm. Rezultati.
Najja e elektromagnetno polje zabeleženo je kod poziva u
seoskoj zoni (zatvoren prostor), dok je najslabije zabeleženo
za one u gradskoj zoni (otvoren prostor). Pozivi sa telefona iz
kola koja se kre u pokazali su sli ne rezultate kao pozivi iz
zatvorenog prostora; me utim, pozivi sa telefona iz kola koja
se kre u izlažu korisnika duplo ja em elektri nom polju nego
pozivi iz mirovanja (bez kretanja). Zaklju ak. Zra enje elek-
tromagnetnog polja zavisi od snage mobilnog telefona i fakto-
ra kao što su gradska ili seoska sredina, otvoren ili zatvoren
prostor, kretanje ili mirovanje, i rastojanje mobilnog telefona
od korisnika telefona. Preporu ljivo je držati mobilni telefon
na bezbednom rastojanju – 10, 20 ili 30 cm od tela (naro ito
glave) tokom razgovora.

Klju ne re i:
elektromagnetna polja; mobilni telefon; rizik, procena;
zdravlje.
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Introduction

During recent years, the widespread use of mobile
phones has resulted in increased human exposure to electro-
magnetic field and radiofrequency field. Although national
and international agencies have established safety guidelines
for exposure to these fields, concerns remain about the po-
tential adverse health risks and health outcomes from power-
frequency fields 1, 2.

Adverse effects investigated by various clinical trials
include the possible link to increased risk of leukaemia, sleep
disturbances and brain tumours 1, 3. Health endpoints reported
to be associated with electromagnetic and/or radiofrequency
fields include genotoxic effects, neurological effects and
neurodegenerative diseases, immune system deregulation,
allergic and inflammatory responses, breast cancer, miscar-
riage and some cardiovascular effects. It was stated that a
reasonable suspicion of risk exists based on clear evidence of
bioeffects at environmentally relevant levels, which, with
prolonged exposures may reasonably be presumed to result
in health impacts 1.

There are reports stating that an intensive use of the
mobile phone can cause headache, fatigue, insomnia, muscle
pains, hearing and eyesight defects, failures of memory, neck
and facial skin redness, and can increase stress 4, 5. The men-
tioned symptoms can short-termed arise either during or
sometime after a phone conversation 6. Some uncertainties
concerning possible carcinogenic effects should also be con-
sidered. According to epidemiological studies of mobile
phones and cancer, it was concluded that the possibility of an
enhanced cancer risk cannot be excluded 2. The use of mobile
phones is associated with an increased risk for brain tumour
after 10 years 1. The International Agency for Research on
Cancer stated overall evaluation that radiofrequency electro-
magnetic fields are possibly carcinogenic to humans 7.

Mobile communication is a technology that enables
data exchange with the help of radio signals 8. A mobile net-
work nowadays covers the whole world and electromagnetic
waves are lingering around us but we cannot smell, see or
touch them 9, 10. Mobile network has received mass applica-
tion, but nobody gives a thought to the principles of its op-
eration and to the possible damage caused by what we even
do not feel 11. Electromagnetic radiation emitted by mobile
phones and antennas of their base stations affects a human
being at the cell level and causes damage to health 12, 13.

At radiofrequencies, electromagnetic field penetrates
into human body. The exposure to radiofrequency radiation
is usually described by the “Specific absorption rate” (SAR).
It is the amount of energy absorbed per mass of tissue and
has units of watts per kilogram (W/kg) 14, 15. As the mobile
phone is always very close to its owner, it necessarily has
some effect on him/her 16. When speaking over the phone an
electromagnetic field exposure is targeted directly to the
brain. The strongest electromagnetic field is generated at a
distance of 1 to 10 centimetres from the phone antenna and
the largest amount of electromagnetic radiation is absorbed
in skin, at a depth of 1 cm 17. When the phone is in a standby
mode, the levels of emitted radiation are particularly low and

nearly insensible. However, the power of radiation is largely
dependent on a distance from the base station. The shorter
the distance is the lower radiation is 18.

Mobile phones can radiate very strong electromagnetic
fields. Analogous communication generates stable, while
digital-pulsed electromagnetic fields. Electromagnetic fields
and waves are generated during the change of electric
charges 19. These are turbulent electric and magnetic fields,
invisible to eye, and propagating in the space at the speed of
light. Biological effects of electromagnetic radiation depend
on the power of its energy, impact duration and individual
characteristics of the organism. Live organisms either reflect
or absorb electromagnetic waves 20. Absorption of electro-
magnetic radiation by tissues leads to the changes in the spa-
tial arrangement of water and protein molecules, which be-
come positioned in accordance with a certain axis, i.e. elec-
trify themselves. The transformation of this radiation into
thermal energy produces a thermal effect 14, 21.

The larger the number of people speaking over mobile
phones is the higher environmental electromagnetic pollution
is 22, 23. The electromagnetic field safety of base stations and
mobile phones has been broadly investigated and discussed
worldwide. More and more scientific data are obtained on
harm to human health caused by electromagnetic field emit-
ted from the base stations and mobile phones 24.

The aim of the study was to assess an electromagnetic
field radiation exposure for mobile phone users by measuring
electromagnetic field strength in different settings at the dis-
tance of 1 to 30 cm from the mobile user: in urban/rural area,
indoor/outdoor setting and at moving/stationary position.

Methods

The exposure of electric field strength radiated from the
sampled mobile phones of different brands and models was
measured. For the study, the measurements from Global
System for Mobile Communications (GSM) 900 and GSM
1800 cells mobile phones were conducted in different set-
tings (urban/rural area, indoor/outdoor setting and mov-
ing/stationary), and in both the worst case was recorded.

A broadband electromagnetic field meter NBM-550
with isotropic probe EF 0392 (electronic field, flat) was used
for investigations. The operating frequency range of the
broadband electromagnetic field meter NBM-550 with an
isotropic probe was 100 kHz – 3000 MHz. It corresponds to
the range in which a possible radiation sources that can cause
hazard (for instance, base stations of mobile communica-
tions, mobile communication antennas and mobile phones)
can operate. The broadband electromagnetic field meter
NBM-550 with an isotropic probe is distinguished by its high
sensitivity: it measures electric field strength from 0.01 V/m,
a magnetic field strength from 0.01 mA/m, and electromag-
netic field energy flux density from 0.001 mW/m2 or 0.1
nW/cm2.

Dynamic coverage of the device: for electric field
strength 0.01 V/m – 100 kV/m; for magnetic field strength
0.01 mA/m – 250 A/m; for electromagnetic field energy flux
density 0.001 mW/m2 – 25.00 MW/m2; and for electromag-
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netic field energy flux density 0.1 nW/cm2 – 2.5 kW/cm2. A
larger dynamic coverage of the broadband electromagnetic
field meter NBM-550 with an isotropic probe means that the
measurement of electric field strength covers a wider interval.

The measurements were performed at 1cm, 10 cm, 20
cm and 30 cm away from the probe during calls (Figure 1).

The first point of the measurements was the main one, be-
cause the mobile phones were placed facing the field probe
at the similar position as of the ear. The duration of one
measurement took 6 minutes. Measurements were taken
during an outgoing call from a mobile phone.

The different models of the GSM mobile phones, with
different SAR types, and different technical characteristics
were used for the study (Table 1). Not all mobile phones

have the same maximum power output level, so we have cho-
sen traditional mobile phones with maximum power output up
to 2 W. There are mobile phones with maximum power output
of 4 W, 5 W or 8 W, but these mobile phones are used for the
special purposes (like car phones and so on), and it is difficult
to find them (they are not ordinary in our country).

The measurements for the study were taken in urban
and rural settings. Urban areas (central Vilnius) included
1800 MHz microcells. Rural areas (Lavoriskes) had only 900
MHz macrocells. Outdoors measurements were taken in the
yard (stationary), and indoors measurements – in the room
(stationary). The distance between the antenna of the base
station and the measuring points in the urban area was 200 m
and in the rural area – 1000 m.  Moving measurements were
taken in the car driving around antenna in the 200 m beam
(urban area), and in the 1000 m beam (rural area). The an-
tenna of macrocell base station in rural area was mounted
relatively high – on 70 m freestanding tower in order to
cover a larger surrounding geographical area. The output

power was between 10 and 500 W. The antenna of microcell
base station in urban area was mounted on the roof of build-
ing (15 m) and was used to add additional capacity for a high
number of users. The output power from the antenna of the
microcell base station was between 10 W and 50 W. Calls
were made during two days at 8 a.m. to 5 p.m.

Results

The study results revealed the electromagnetic field
strength measured in four different distances during outgoing
call mode in urban/rural area, indoor/outdoor setting and in
moving car. These results are plotted by 10 brand mobile
phones, shown in Figures 2–5.

Figure 2a shows that the highest electric field strength
emitted by the phones during call mode in urban area (GSM
-1800) outdoors obtained with brand 1 (SAR-1.31) was 14
V/m and the lowest with brand 9 (SAR-0.44) was 3 V/m.
The experiments revealed that the phone transmitted electric
field strength depending on mobile phones SAR. Mobile
phones with high SAR have much more higher maximum
power output when compare with mobiles phones with low
SAR. The higher SAR of mobile phone led to the higher elec-
tric field strength, which mobile phone had to emit. The elec-
tric field strength values of the mobile phones with SAR from
1.4 W/kg to 0.99 W/kg vary from 11 V/m to 14 V/m while
mobile phones with SAR from 0.82 W/kg to 0.37 W/kg de-
creased by 2 to 5 times and vary from 3 V/m to 6 V/m.

Figure 2b shows that the highest electric field strength
emitted by the phones during call mode in urban area (GSM-
1800) indoors obtained with brand 4 (SAR-1.01) is 23 V/m
and the lowest with brand 9 (SAR-0.44) is 5 V/m. The elec-
tric field strength values of the mobile phones with SAR

Fig. 1 – Measurement scheme of mobile phone’s electric field strength

Table 1
Technical characteristics of the mobile phones

Specific
absorption rate (SAR)

GSM 900 maximum
power output

GSM 1800 maximum
power output

1.40 2 W 1 W
1.31 2 W 1 W
1.16 2 W 1 W
1.01 2 W 1 W
0.99 2 W 1 W
0.82 0.8 W 0.25 W
0.78 0.8 W 0.25 W
0.6 0.8 W 0.25 W
0.44 0.8 W 0.25 W
0.37 0.8 W 0.25 W
GSM – Global System for Mobile Communications
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from 1.4 W/kg to 0.99 W/kg vary from 18 V/m to 23 V/m
while mobile phones with SAR from 0.82 W/kg to 0.37
W/kg decreased by 2 to 5 times and vary from 5 V/m to 9
V/m. The experiments revealed that the electric field strength
is about twice as large in the urban area indoors when com-
pared with the urban area outdoors. The electric field
strength values depends not only on SAR, they depends on
electromagnetic signal intensity in exploring environment
too. The electromagnetic signal intensity inside was 85 dBm
and outside was 75 dBm. The lower intensity of electromag-
netic signal led to the higher transmitting electric field
strength, which mobile phone had to emit.

Figure 3a shows that the highest electric field strength
emitted by the phones during call mode in rural area (GSM-
900) outdoors obtained with brand 2 (SAR-1.31) is 21 V/m

and the lowest with brand 10 (SAR-0.37) is 5 V/m. The
electric field strength values of the mobile phones with SAR
from 1.4 W/kg to 0.99 W/kg vary from 21 V/m to 12 V/m
while mobile phones with SAR from 0.82 W/kg to 0.37
W/kg decreased by 2 to 4 times and vary from 5 V/m to 9
V/m.

Figure 3b shows that the highest electric field strength
emitted by the phones during call mode in rural area (GSM-
900) indoors obtained with brand 2 (SAR-1.31) is 41 V/m
and the lowest with brands 9 and 10 (SAR-0.44 and SAR-
0.37) is 12 V/m. The electric field strength values of the mo-
bile phones with SAR from 1.4 W/kg to 0.99 W/kg vary
from 41 V/m to 35 V/m while mobile phones with SAR from
0.82 W/kg to 0.37 W/kg decreased by 3 times and vary from
12 V/m to 15 V/m.
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Fig. 2 – Electric field strength values of the mobile phones measured in urban area (GSM–1800) during outgoing call mode

at different distances from the probe: (a) outdoors and (b) indoors.
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Fig. 3 – Electric field strength values of the mobile phones measured in rural area (GSM-900) during outgoing call mode at

different distances from the probe: (a) outdoors and (b) indoors.
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The experiments revealed that the higher exposition of
the electromagnetic field radiation during calls was observed
in rural area when compared with urban settings (Figures 2
and 3). It is because of different operating bands: in rural
area, mobile phones are working at the 900 MHz band, while
in urban settings – at the 1800 MHz band. The maximum
powers that GSM mobile phones are permitted to transmit in
rural area by the present standards are 2 W (900 Hz), while
in urban area – 1 W (1800 Hz). Because of that, the electric
field strength was about two times as high for rural area
when compared with urban calls.

The electromagnetic signal intensity indoors was 100
dBm, while outdoors was 85 dBm. The lower intensity of
electromagnetic signal in rural area compared with urban
area led to the higher transmitted electromagnetic field
strength.

Figure 4 shows that the highest electric field strength
emitted by the phones during call mode in urban area (GSM-

1800) moving obtained with brand 3 (SAR-1.16) is 28 V/m
and the lowest with brand 10 (SAR-0.37) is 11 V/m. The
electric field strength values of the mobile phones with SAR
from 1.4 W/kg to 0.99 W/kg vary from 23 V/m to 28 V/m
while mobile phones with SAR from 0.82 W/kg to 0.37
W/kg decreased by 2 times and vary from 11 V/m to 17 V/m.

Figure 5 shows that the highest electric field strength
emitted by the phones during call mode in rural area (GSM-

900) moving obtained with brand 2 (SAR-1.31) is 39 V/m
and the lowest with brands 9 and 10 (SAR-0.44 and SAR-
0.37) is 11 V/m. The electric field strength values of the mo-
bile phones with SAR from 1.4 W/kg to 0.99 W/kg vary

from 28 V/m to 39 V/m while mobile phones with SAR from
0.82 W/kg to 0.37 W/kg decreased by 2 to 3 times and vary
from 11 V/m to 14 V/m.

The factors influencing the electric field strength level
while mobile phone was in the moving car were: the distance
between mobile phone and the base station, the attenuation
of the electromagnetic signal, and change of connecting base
station “handover”. The electromagnetic signal intensity was
decreasing along with the longer distance, and the signal was
very poor at the end of the base station cell. The signal was
worse especially when mobile phone was used in the car, and
when the car was mowing. At that case in the car the inten-
sity of electromagnetic signal was 95 dBm to 105 dBm in ru-
ral area, and 80 to 90 dBm in urban area. The lower intensity
of the electromagnetic signal in rural area when compared
with urban area led to the higher transmitted electric field
strength. Handovers (process when the mobile phones tem-
porarily increase electric field strength while they are con-
necting to a new base station) could be made as well when
the mobile phones were moving closely to the boundary of
the main cell covered by one base station to another cell.
However, we could not evaluate that fact.

Discussion

The electric field strength of a mobile phone was found
to depend on a mode of the phone, geographical factors,
electromagnetic signal intensity from the antenna of the base
station, shadowing, SAR, operating frequency and on a dis-
tance.

This work demonstrates that mobile phones emitted
higher electric field strength in rural area, when compared
with urban area. The electric field strength was about twice
as large indoors, when compared with outdoors. This is be-
cause of the attenuation of the electromagnetic signal by
houses. Mobile phones with high SAR have much more
higher maximum power output, when compared with mobile
phones with low SAR. The maximum powers that GSM mo-
bile phones are permitted to transmit in rural area by the pre-
sent standards are 2 W (900 Hz) while in urban area they are
1 W (1800 Hz). Because of that, the electromagnetic field
strength of rural calls was about two times more than that of
urban calls. Calls made from a mobile phone in a moving car
gave a similar result like for indoor calls concerning the ex-
posure of the electromagnetic field strength. However, calls
made from a phone in a moving car exposed electric field
strength two times more than that of calls in a standing (mo-
tionless) position.

Our measurements showed that in order to reduce risk for
health and enhance safety it is of importance to keep safe dis-
tance between mobile telephone and human body. The ex-
periments revealed that the electric field strength values of all
mobile phones at distance of 10 cm decreased by more than 2
times, at the distance of 20 cm decreased by more than 4 times
and at the distance of 30 cm decreased by more than 10 times
when compared with the distance of 1 cm. Other authors un-
derline similar solution that to make electromagnetic field safe
it is important to ensure safe distance from the electromagnetic
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Fig. 4 – Electric field strength values of the mobile phones
measured in urban area (GSM-1800) during outgoing call

mode moving (at different distances from the probe).

0

5

10

15

20
25

30

35

40

45

1.22 1.1 1.01 0.99 0.92 0.86 0.78 0.7 0.57 0.35

Specific absorption rate (SAR), W/kg

E
le

ct
ri

c 
fie

ld
 st

re
ng

ht
, V

/m at 1 cm distance
at 10 cm distance
at 20 cm distance
at 30 cm distance

Fig. 5 – Electric field strength values of the mobile phones
measured in rural area (GSM -900) during outgoing call

mode moving at different distances from the probe.
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field radiation source 25. This could protect mobile phone users
from biologic effects and health problems. In addition, safe
distances could prevent mobile phone users from the possible
carcinogenic effects in a long run.

Various guidelines exist for limiting exposure to radio
frequency electromagnetic field by different countries. The
most common one is The Council Recommendation on elec-
tromagnetic field exposure limits (1999/519/EC). Those are
the guidelines, where standards of 41 V/m and 58 V/m are
set as the limits (at 900 MHz and 1800 MHz). In many oth-
ers countries the guidelines are far below this limit due to a
complaint and scepticism demonstrated by public. Lithuania
does not have limitations for electric field strength at 900
MHz and 1800 MHz (the only limitation for electromagnetic
field power density is 10 W/cm²). According to the formu-
las: S = E2/377*100, where E is the electric field in V/m and
S is the power density in W/cm2, we can translate electro-
magnetic field power density to electric field strength: 10

W/cm² is about 6.1 V/m. If we can do such comparison,

many mobile phones are far above the guidelines set in our
country.

The strength of the study was to objectively measure
and to assess the electromagnetic field radiation exposed by
the mobile phone to the phone user in the different settings
and at the different distances. The results of the study could
be used for health risk and hazard prevention of population.

Conclusion

Electromagnetic field radiation depends on mobile
phone power class and factors, like urban or rural area, out-
door or indoor setting, and the distance of the mobile phone
from the phone user. It is recommended to keep a mobile
phone at the safe distance of 10, 20 or 30 cm from the body
(especially head) during calls. This is necessary due to the
uncertainties concerning mobile user safety and the lack of
evidence on the direct harmful impact of mobile phone to
human health.
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Abstract

Background/Aim. Humeral shaft fractures may occur as a
result of arm wrestling. The aim of this study was to present
our treatment of humerus fracture sustained during arm
wrestling. Methods. A total of six patients, aged 22 to 48,
were treated at our department form January 2008 to Janu-
ary 2010 with open reduction and internal fixation and with
hanging arm casts. A review of all the relevant literature on
the subject was also presented. Results. In all the cases, the
fractures healed and function returned to normal. No pa-
tient had any neural or vascular compromise. Conclusion.
Closed and operative treatments were equally successful in
all reported cases.

Key words:
humeral fractures; athletic injuries; orthopedic
procedures; treatment outcome.

Apstrakt

Uvod/Cilj. Prelom dijafize humerusa može nastati kao re-
zultat „obaranja ruke“. Cilj rada bio je prikaz na ina le enja
preloma humerusa zadobijenih prilikom obaranja ruke. Me-
tode. U periodu od januara 2008. do januara 2010. godine le-
ili smo na našem odeljenju šest pacijenata, starosti od 22 do

48 godina, otvorenom repozicijom i unutrašnjom fiksacijom
ili vise im gipsom. Tako e, pregledana je i analizirana posto-
je a literatura vezana za ovu vrstu povrede. Rezultati. Kod
svih bolesnika došlo je do srastanja preloma i potpunog funk-
cionalnog oporavka. Pacijenti nisu imali neurološke, ni vas-
kularne povrede. Zaklju ak. Operativno i neoperativno le-
enje jednako su uspešni kod ove vrste povreda.

Klju ne re i:
humerus, prelomi; povrede, atletske; ortopedske
procedure; le enje, ishod.

Introduction

Humeral shaft fractures may occur as a result of arm
wrestling, also known as “iron arm”, “wrist wrestling” or
“Indian wrestling”. In this game (contest) two opponents sit
face-to-face with their elbows placed on a surface, gripping
their hands and trying to force opponent's arm down. Ac-
cording to the literature, different types of fractures can oc-
cur. Spiral fracture of the humeral shaft with or without but-
terfly fragment 1, fracture of the medial humeral epicon-
dyle 2, radial head fracture with anterior dislocation, even a
radial shaft fracture 3. However, most of the injuries from
arm wrestling are soft tissue injuries as muscular strain and
sprain of the shoulder, elbow and wrist joints.

The aim of this study was to present our experience with
treatment of humerus fracture sustained during arm wrestling.

Methods

Within a 2-year period (from January 2008 to January
2010) we treated 6 patients with humeral shaft fractures. The

treatment included open reduction and internal fixation and
hanging arm casts.

Results and discussion

All treated patients were males and all of them wrestled
with their right arm. The patients ranged in age from 22 to 48
years old, average 31.2 years.

Their humerus fractures were spiral in nature and usu-
ally located between the middle and distal third of the hu-
merus. One case had a medial butterfly fragment. Three pa-
tients were operated primarily (Figure 1). The fracture was
fixed with an AO compression plate, and the postoperative
course was regular. During surgical procedure we found a
muscle interposed between the fracture fragments. Three pa-
tients were treated with a hanging arm cast following closed
reduction (Figure 2).

All the fractures united. The average union time of
the humeral shaft fracture was ten weeks. No patient had
any neural or vascular compromise. There was no shoul-
der, elbow, nor finger stiffness. The patients were re-
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a) b) c)
Fig. 1 – Patient A: a) preoperative radiography done at the Emergency Room Department on the day of injury; b) and c)

postoperative radiography.

a) b)
Fig. 2 – Patient B: a) initial radiography done at the Emergency Room Department on the day of injury; b) radiography done

six months after the injury (treatment with a hanging arm cast).

turned into their previous job after an average time period
of 16 weeks.

Fractures of the shaft of the humerus as a result of mus-
cular violence are uncommon. In the literature we found arti-
cles with a small number of patients (mostly from two to ten
cases) 4–6. The largest series we found in a work of Ogawa
and Ui 7 from Japan. They analyzed 30 patients with humeral
shaft fracture sustained during arm wrestling.

It is obvious that arm wrestling can be connected with
a powerful muscle activity, especially in the shoulder
joint. While the elbow joint is fixed in flexion by the bi-
ceps and brachialis muscle, the shoulder joint is actively
internally rotated against the opponent by pectoralis major,
subscapularis and teres major muscle. It results in strong
violent torque forces across the humeral shaft. The possi-
ble mechanism was discussed in many articles 2, 6, 8, 9. Hu-
merus shaft fractures are spiral with or without butterfly
fragment. According to some authors, pure rotator force
without axial load on the humerus causes spiral fracture
only, while axial load and rotator force can cause a butter-
fly fragment 1.

Fractures will unite regardless of the type of treatment,
but we believe that open reduction and internal fixation
shortens the immobilization time and functional recovery is
faster. In our cases there was no nerve involvement, but we
found that some authors recorded radial nerve palsy 7, 8, 10.

Some authors also mention other factors like hypertro-
phy of muscles, fatigue and kinetic forces of body weight,
which may contribute to fracture of the humerus, because
they create of unbalanced forces 8. Some also believe that
position of the arm during competition determine the fracture
location and type 11.

In Citak's series of cases with only muscle strain, pa-
tients had regular sport activity. These factors may be con-
sidered as important for the intensity of injury 3. On the other
hand, many believe that these clinical entities may occur in
anyone of any age who engages in this type of sport 7, 12.

Conclusion

Arm wrestling may cause severe injuries. Different
types of fractures after arm wrestling have been reported in
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the literature, but the most common is humeral shaft fracture.
These fractures are the result of torsion forces and axial
compression applied to the humerus. Closed and operative
treatments were equally successful in all reported cases.
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Introduction

Interest in indoor air quality emerged in the USA in the
1970, when “sick building syndrome” was first described 1.
During those years, due to energy crisis, building environ-
ments substantially changed – namely, ventilation, air-
conditioning, and other energy-demanding maintenance pro-
cesses were sparingly used, particularly in public office
buildings. Many office workers reported headache, mucous
membrane irritation, and difficulty in concentrating during
working hours. All symptoms disappeared at home. Under-
standing of risk factors underlying this epidemic led to im-
provement of legislation regarding ventilation rates and
maintenance, so the number of complaints decreased in the
1990s.

Indoor air pollution is present in virtually each and
every indoor space, with the exception of strictly controlled
and sterile spaces in pharmaceutical, medical and research
facilities. Biological pollutants may originate from human
activity, building materials and carpets; they may also pene-
trate from outdoor environments by forced ventilation, diffu-
sion or infiltration. Humans are inevitably exposed to such
pollutants, considering the amount of time spent indoors, but
the influence of the pollution on human health may vary, de-
pends on age, health condition, and individual predisposition.
Historically, moulds were the very first recognized and re-
corded contaminants in indoor environment. In Bible, there
are several passages where the moulds are mentioned, to-
gether with possible health aspect of exposure to them 2.

Interest in indoor air monitoring is growing worldwide
every year, considering the indoor pollution ranged among
the first five leading causes of illness in the world 1. The
World Health Organization (WHO) Regional Office for

Europe prepared in 2006 the Guidelines for indoor air
quality 3, according to previously formulated postulate
“The right to healthy indoor air”. In these Guidelines, the
WHO presents public health risks due to dampness, associ-
ated microbial growth and contamination of indoor air.
This organization recognized problems of indoor air quality
as important risk factors for human health all over the
world, regardless the annual income of given country. The
importance of this problem is emphasized by the fact that
people, particularly vulnerable populations such are children,
pregnant women, elderly, ill and disabled, spend a substan-
tial amount of time indoors.

There is a wide range of possible biological contami-
nants in indoor air, with different origin and patterns of
spreading. For example, pollen and spores of plants are pre-
dominantly emitted from outside the building, transferring
through doors and windows, or by personal contacts. Various
species of bacteria, fungi, algae, and protozoa can originate
both from outside space and from materials inside the build-
ings. According to conclusions of a WHO working group 3,
there are no specific microorganisms that can be specifically
associated with indoor air pollution; rather they represent
common allergens and other pathogens. However, some
agents such as house dust mites and pet hairs are predomi-
nantly present in indoor air. Considering the variety of mi-
croorganisms and their characteristics, it is virtually impossi-
ble to quantify their concentrations in a form of tolerable
levels of exposure.

Many studies have found that health risks are increased
by exposure to microorganisms, but there is growing evi-
dence that exposure in early life to endotoxins and/or fungal
agents protects against atopy and allergic disease. A pro-
spective birth cohort study suggested an inverse relation



Strana 1148 VOJNOSANITETSKI PREGLED Volumen 71, Broj 12

Radakovi  SS, et al. Vojnosanit Pregl 2014; 71(12): 1147–1150.

between the levels of these pollutants and wheezing prob-
lems in 4-year-old children 4. These results are in agreement
with findings obtained from several studies of reduced inci-
dence of hay fever, eczema and asthma in children who grew
up on farms compared to urban children, and thus supported
the “hygiene hypothesis” which suggests the protective role
of microbial exposure.

Effects of dampness on indoor exposure to biological
pollutants

Besides the WHO Guidelines mentioned above, another
major reviews published in 2004 by the Institute of Medicine
(IOM) report on a wide range of health effects of which there
were sufficient evidence for associating the presence of
pathogens in damp buildings with following diseases and
symptoms: nasal and throat symptoms, cough, wheezing,
asthma exacerbation, and hypersensitivity pneumonitis 5. The
IOM committee concluded that limited or suggestive evi-
dence existed for associating the same exposure with short-
ness of breath, asthma development, and lower respiratory
disease. Building dampness and mould are present even in
high-income countries. Estimations of dampness and mould
presence vary from 20% buildings in Scandinavia 6 to 50%
buildings in United States 7. Fewer studies were conducted in
low-income countries; nevertheless, they suggest that the
problem of indoor dampness is even greater 8. The dampness
and mould are traditionally related to overcrowded accom-
modations without adequate heating, ventilation and insula-
tion, hence, the lower income is – these problems are more
evident. Climatic changes such as global warming with more
frequent occurrence of storms and heavy rains lead to grad-
ual increase in sea level. Together with more frequent floods,
it results in the increase in the percentage of buildings af-
fected by dampness and mould, particularly in the areas near
the rivers. Increased indoor dampness provides optimal con-
ditions for increased growth of dust mites, fungi and bacte-
ria. Furthermore, chemical contamination is promoted too,
because dampness accelerates the degradation of building
materials releasing their particles into the air. Finally, excess
moisture in indoor spaces creates optimal conditions for in-
sects and rodents. These animals release their own allergens
into indoor environments, but can also be the reservoir of
contagious diseases agents.

Indoor air contains numerous microorganisms of very
different types. For example, house dust mites are small
arachnids. Among numerous various species, few are of
major importance for indoor air contamination, and their
growth is directly related to relative humidity. Moreover, in
house dust mites living in mild and temperate climatic con-
ditions, moisture represents a major factor of their increased
growth. For survival, development and multiplication, they
require a relative humidity in excess of 45–50%, but their
activity, including feeding and maturation is more rapid at
higher rates of relative humidity which was confirmed in
field studies 9, 10. The common foods for house dust mites are
skin scales, but they are adapted to use other food sources, as
well. House dust mite allergens are commonly produced by

Dermatophagoides pteronyssinus (proteolytic allergens Der
p I and Der p II), and Dermatophagoides farina (Der f I).
The faecal particles containing these allergens are predomi-
nantly found in house dust, mattresses and pillows 11.

Other common indoor air pollutants are fungi. Their
presence in indoor air is a result of transportation from out-
side environment via building materials, carpets, furniture,
wallpapers, etc. Ventilation and air-conditioning systems are
another common ways of penetrating of fungi into the
buildings. The rate of further growth, spreading and multipli-
cation depends exclusively on moisture content in indoor air,
regardless the type of surface. Even the primary colonizers,
or xerophilic fungi, which may grow on less moisture sur-
faces, require relative humidity in excess of 50%. Secondary
colonizers require more humidity in their substrates, while
tertiary colonizers, or hydrophilic, need sheer water content
in liquid phase for their germination and mycelia growth 12;
hence, they are present only in buildings with severe conden-
sation problems. Natural food source for fungi vary from
plant, animal and human particles in house dust, to fragments
of construction materials such as floor and wall textile cov-
erings, furniture, residue of cooking traces, food storage, pa-
per materials. Since these materials are in ample in every
building, and considering that optimal temperature for fungi
growth ranges from 10–35 ºC, the only limiting factor for
development of fungi and mould contamination is dampness.
Fungi may be extremely harmful for human health, but may
also destruct the building itself, particularly wooden parts,
such as roofs, timbers, and other materials.

Some fungi species produce strong allergens, which
initiate immune reaction type I (IgE mediated). For example,
the indoor contamination with Alternaria, Penicillium, As-
pergillus and Cladosporium spp., is related to asthma and
other allergic respiratory diseases. Some of these species,
such as Penicillium and Aspergillus can also induce type III
allergy (IgG mediated), while at high concentrations, may
also initiate combined type III and IV reaction manifested as
hypersensitivity pneumonitis. Major fungal allergens are
isolated and identified (such as Cla h I from Cladosporum
herbarum, Alt a I and Alt a II from Alternaria alternata and
Asp f I and Asp f III from Aspergillus fumigatus). Most of
them are glycopeptide enzymes, produced during germina-
tion and released through spores and hyphae, i.e. live parti-
cles 13. Nevertheless, even dead particles carry substantial
health risk, because they may contain possibly harmful
(1 3)- -D-glucans with the potential to impair respiratory
functioning 14, and mycotoxins. The harmful effect of my-
cotoxins is manifested by interference with RNA synthesis
leading to DNA damage. Sometimes this toxicity is benefi-
cial – e.g. penicillin, a strong bactericidic antibiotic, is a my-
cotoxin produced by fungi Penicillium. But, in general, fungi
mycotoxins have strong genotoxic, cancerogenic, and immu-
notoxic potential. The cancerogenic effects of aflatoxin (my-
cotoxin produced by Aspergillus flavus and Aspergillus
parasiticus) are well known. The most important mycotoxins
related to indoor air contamination are trichotechenes, gener-
ated by fungi Stachybotrys chartarum (macrocyclic tricho-
techenes, trichodermin, sterigmatocystin and satratoxin G) 15.
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Several fungi also produce volatile organic compounds as the
result of their metabolic processes, but their effects on hu-
man health are yet to be investigated. The assessment of
fungi contamination in indoor air is very difficult. In a study
conducted by Pietarinen et al. 16 culture methods identified
only few of species that were recognized and quantified by
quantitative polymerase chain reaction (qPCR). Penicillium,
Aspergillus and Streptomyces were predominantly indenti-
fied by both methods. But, culture method successfully in-
dentified Aspergillus fumigates only in samples containing
the amount of total viable fungi more than 106 cfu/g. Like-
wise, culture method was able to detect Stachybotrys charta-
rum only in samples with a very high level of fungi contami-
nation, contrary to qPCR method. These results are in
agreement with another Finnish study which confirmed the
highest prevalence of Penicillium/Aspergillus species in
house dust, with more precise results obtained by qPCR
method 17. The same authors indicated that concentrations of
fungi differ significantly between the seasons with the high-
est concentrations of Aspergillus in winter (more than 10,000
cells/mg of dust).

Numerous species of bacteria are also common con-
taminants of indoor air. Contrary to relatively harmless sap-
rophytic species originated from people, the species that ac-
tively grow in indoor substrates may be potentially harmful.
Although the health aspects on moulds and fungi in indoor
air are extensively studied, similar investigations of bacteria
influence have been of little interest so far. The common
feature for both types of microorganisms are requirements
for water and temperature ranges for optimal growth and de-
velopment. Hence, we can fairly assume that bacteria grow
in the same sites as fungi, preferably on damp substrates.
This suggestion is confirmed by evidences that species such
as Streptomycetes, which are not normally present in indoor
environments, easily grow on wet surfaces, so their presence
is used in screening for moisture problems in buildings 18.
Very few studies were conducted so far regarding this prob-
lem, apart from several investigation conducted by Finnish
authors who identified Sreptomyces and Mycobacteria in in-
door surfaces 16, 19–21. The latter bacteria have particularly
strong immunogenic potential originated from cell wall
components. The majority of culturable bacteria in indoor
dust and air are Gram-positive Micrococcus, Staphylococcus
and Bacillus strains. Similarly to fungi, there is a certain
doubt regarding the method for determination of bacterial
load in house dust. Culture method is relatively simple, but
only 1% of airborne bacteria in indoor air are culturable.
Culturable bacterial concentrations range from 7.3  104 to
1.85  107 cfu/g (public buildings) and 1.1  104 to 2.1  107

cfu/g in samples of house dust 15. Chemical markers analysis,
i.e. detection of chemical compounds that build the bacterial
cell wall (3-hydroxy fatty acids for Gram-negative bacteria

and muramic acid for Gram-positive bacteria), has limited
value, since these compounds are non-specific, and the gas
chromatography-mass spectrometry method requires com-
plex sample preparation. Simultaneous usage of all the three
methods, as reported by Karkkainen et al. 21, reveals only a
moderate correlation between them. Another study con-
ducted in Finland also indicated that culture method failed to
detect Aspergillus fumigates, while qPCR in the same sam-
ples detected the average of 2.21  103 cells/g. The average
concentrations of Penicillium spp. and Aspergillus spp. were
significantly lower when detected by culture method than
qPCR (9.01  103 cfu/g vs 1.96  105 cells/g and 1.35  104

cfu/g vs 5.44  106 cells/g, respectively) 19.
Finally, protozoa may also be present in indoor air in

damp buildings. Yli-Pirila et al. 22 detected amoebae in 22%
of 124 samples of various materials collected from buildings
with evident moisture damage; among them there were 11
samples (collected from the most severely damaged surfaces)
contained ciliates and flagellates. Field studies on the pres-
ence and concentrations of protozoa in indoor air, as well as
health aspects of these microorganisms in given conditions
are still lacking, with the exception of one in vitro study con-
ducted by the same authors, who suggested that amoebae act
synergistically with certain bacteria, enhancing their cyto-
toxic and proinflammatory potential 23.

Conclusion

Epidemiological, clinical and toxicological evidences
suggest that microbiological contamination of indoor air may
be related to numerous diseases and health conditions. Damp
and humid environments are obligatory factors for growth,
development and multiplication of microbes, hence, the main
public health goal should be targeting these problems. Con-
sidering the variety of microorganisms, possible synergistic
effects, the fact that the most endangered populations are
children, women, elderly (who spent relatively substantial
time indoors), disadvantages of determination techniques and
lack of evidence-based risk assessment, it should be con-
cluded that further investigations are needed.

In Serbia, the very first study on the presence and con-
centrations of biological pollutants in indoor air is ongoing,
financially supported by the Ministry of Education, Science
and Technological Development. The first results expected
to be available within 2014.
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Abstract

Introduction. Double heart rupture is a rare complication
of acute myocardial infarction with high mortality. Case re-
port. We presented a 67-year-old female patient with
symptoms and signs of myocardial infarction, diagnosed
with echocardiography, rupture of the septum, the presence
of a thrombus and a small pericardial effusion. Soon after
admission the patient died. Autopsy revealed tamponade
and double myocardial rupture, free wall rupture and ven-
tricular septal rupture, as a cause of death. Conclusion.
This case highlights the need to evaluate patients with myo-
cardial infarction, recurrent chest pain, echocardiographic
signs of effusion and the presence of thrombus in the peri-
cardium in terms of double rupture of the heart.

Key words:
myocardial infarction; acute disease; heart rupture,
post-infarction; echocardiography.

Apstrakt

Uvod. Dupla ruptura srca retka je komplikacija akutnog in-
farkta miokarda sa visokom stopom smrtnosti. Prikaz bo-
lesnika. U radu je prikazana 67-godišnja bolesnica sa sim-
ptomima i znacima akutnog infarkta miokarda, kojoj je eho-
kardografski postavljena dijagnoza rupture septuma i prisu-
stvo tromba i manjeg perikardnog izliva. Ubrzo po prijemu
bolesnica je umrla. Obdukcijom je ustanovljena tamponada i
dupla ruptura srca, ruptura slobodnog zida leve komore i
ventrikularnog septuma, što je bilo uzrok smrti. Zaklju ak.
Prikaz ove bolesnice ukazuje na potrebu procene bolesnika
sa infarktom miokarda, ponavljanim bolovima u zoni grudi,
ehokardiografskim znakovima izliva i prisustva tromba u
perikardu u smislu dvostruke rupture srca.

Klju ne re i:
infarkt miokarda; akutna bolest; srce, postinfarktna
ruptura; ehokardiografija.

Introduction

There are three manifestations of heart rupture which
include the left ventricle (LV): free wall rupture (FWR),
ventricular septal rupture (VSR) and papillary muscle rup-
ture (PMR). Double heart rupture (DHR) implies the com-
bined presence of the two of the above forms. DHR is a very
rare complication, present in about 0.3% of acute myocardial
infarction, with the most common combination of FWR and
VSR 1. In a relatively small study, it was revealed that FWR
in half of the cases occurred after VSR 1. It was shown that
primary percutaneous coronary interventions (pPCI) are
protective factor for FWR compared to thrombolysis 2. Older
age, female gender, and a prolonged time from the onset of
symptoms to treatment are independent risk factors for rup-
ture 3.

Echocardiography is a reliable method for the diagnosis
of mechanical complications in acute myocardial infarction

in terms of localization and size, but it is also crucial in the
decision about treatment and postoperative follow-up 4.

We presented a patient with late presentation of inferior
myocardial infarction involving the right ventricle, compli-
cated with a combination of FWR and VSR. Caution is
obligatory in such patients because of their high mortality,
and also the necessity of prompt diagnosis and treatment.

Case report

A 67-year-old female was admitted in the intensive care
unit because of prolonged chest pain, shortness of breath,
and electrocardiographic signs of acute myocardial infarction
with ST-segment elevation in the inferior and right ventricle
leads. Symptoms occurred three days before admission, with
epigastric pain, nausea and vomit, which were initially diag-
nosed as gastritis. The next day the pain spread to the chest,
and increased in intensity two hours before admission. The
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patient was previously treated for angina pectoris, with risk
factors for coronary disease of a positive family history and
high blood pressure.

Objective examination on admission revealed somno-
lent state of the patient, diaphoretic skin, dyspnea, tachycar-
dia, low blood pressure, bilateral crackles and strong precor-
dial holosystolic audible murmur. The laboratory findings
reported elevated levels of cardiac enzymes.

The 12-lead electrocardiogram (ECG) recorded sinus
tachycardia with signs of myocardial infarction of inferior
localization (Figure 1a). In the right precordial leads, ST
segment elevation was seen in VR4 lead as a sign of right
ventricle myocardial infarction (Figure 1b).

Soon after admission due to acute left ventricular fail-
ure, hypoxemia was recorded in blood gases and the patient
developed anuria and was intubated and mechanically venti-
lated. The patient was treated with double antiplatelet ther-
apy, statins, and inotropes. Volume and acid-base status were
also corrected according to blood gases. In order to ade-
quately monitor the patient a central venous catheter was in-
troduced (central venous pressure was 15 mmH2O).

Immediately upon admission echocardiography was per-
formed. There were normal left ventricular dimensions, with
akinesia of all segments of the inferior and basal inferoseptal
wall. In the region of the basal part of the inferoseptal wall

discontinuity in the ventricular septum was recorded, measur-
ing up to 1.6 cm, with the occurrence of left-right shunt, which
was verified by two-dimensional echocardiography and with
color and continuous Doppler (Figure 2a). Due to the large
dimensions of rupture, the gradient at the shunt was not high.
The other walls of the left ventricle were moved hyperkineti-
cally. No significant valvular heart disease was found.

Around the heart a large thrombus was observed, that
has partially compromised the free wall of the right ventricle
(Figure 2b). There was no sign of the free wall rupture in the
lower part of the left ventricle.

The cardiothoracic surgeon was immediately consulted
due to life treating condition, in the first place state of shock.

He indicated preparation of the patient for surgical interven-
tion. During the entire hospitalization patient`s condition was
unstable and critical, and despite all the implemented meas-
ures cardiac arrest developed. Cardiopulmonaly resuscitation
did not restore spontaneous circulation and the patient died
about 10 hours after admission.

Autopsy revealed the presence of 200 mL of blood and
250 mL of blood clot beneath the pericardium, which was
smooth and shiny (Figure 3a).

The left ventricle was enlarged, with left ventricular
thickening. In the upper third of the muscular part of the
ventricular septum, a defect with torn edges, 2 cm in its larg-

a)  b)
Fig. 1 – a) Electrocardiograph (ECG) registered sinus tachycardia, frequency of about 120/min, normogram, Q wave and

ST elevation till +3.5 mm in D2, D3, aVF leads, ST segment denivelation of -2 mm in DI, aVL,V2 and V3 leads, without
rhythm and conduction disorders; b) Right precordial leads with ST segment elevation in VR4 lead as a sign of right

ventricle myocardial infarction.

a)  b)
Fig. 2 – a) Doppler registered ventricular septum defect; b) Large thrombus in the pericardium.
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est diameter, was found (Figure 3b). At the posterior wall of
the left ventricle, in the projection of the upper third of the
ventricular septum, a small stellate defect, with blood perme-
ated edges, 0.7 cm in its largest diameter that communicated
with the left ventricular cavity was found (Figure 4).

Fig. 4 – Left ventricle free wall rupture.

Histologically, in the cardiac muscle slices taken from
the area of the septum and posterior wall of the left ventricle,
the muscle fibers were torn, mainly without visible nucleoli.
The cytoplasm of muscle cells was extremely acidophilic,
homogeneous, without lines which are characteristic for
muscle fibers. Interstitium was unevenly dilated, edematous
and filled with neutrophils of which many were in close
contact with the muscle fibers (Figure 5). Described areas
corresponded to the coagulation type of necrosis, i.e. myo-
cardial infarction.

Fig. 5 – Myocardial infarction about four days old (HE, 10).

Coronary arteries had a narrowed lumen due to the
presence of yellowish thickening of the intima, and serial
sections of the right coronary artery found a fresh thrombus
which completely closed the artery.

Macroscopic examination of other organs revealed sig-
nificant atherosclerosis which mainly affected the thoracic
and abdominal aorta and picture of shock in the kidneys. In
the pleural cavities, on both sides, 200 mL of serous effusion
was found, and examination of the lungs showed acute pul-
monary edema.

Discussion

Despite the application of fibrinolysis and pPCI in the
treatment of acute myocardial infarction, heart rupture re-
mains a complication that is difficult to predict and heal.
Many papers have studied the factors that may indicate the
possibility of rupture in the era before pPCI and they were:
one vessel coronary heart disease, previously myocardial in-
farction, older age, female gender and hypertension 5–7.

In the era after PCI incidence of FWR decreased, and
immediate PCI showed that can prevent development of
abrupt rupture following acute myocardial infarction 8.

In relation to the time of occurrence, rupture of the free
wall of the left ventricle can be named as early rupture when it
occurs within 48 hours. It is usually associated with delayed
hospitalization, persistent chest pain and persistent ST segment
elevation on ECG. Acute rupture of the free wall of the left
ventricle is usually fatal within a few minutes due to the devel-
opment of tamponade, and do not respond to standard cardio-
pulmonary resuscitation. Clinically, it manifests with cardio-
vascular collapse and pulseless electrical activity. In 30% of the
cases rupture of the free wall of the left ventricle is late (suba-
cute) and occurs after the second day 9. The clinical picture in-
cludes recurrent chest pain and re-elevation of ST on ECG.
Usually, this results in rapid deterioration of hemodynamic
status of patients with permanent hypotension. Late rupture is
thought to be less dependent on hypertension, but physical ac-
tivity such as persistent vomiting and coughing can trigger it 9.

Echocardiography can visualize the place of rupture of
the free wall, which is accompanied by the presence of blood
in the pericardium. Echocardiography cannot register this
complication, and the presence of pericardial effusion is not
diagnostically enough for the diagnosis of rupture. Typical
finding in subacute rupture of the free wall of the left ventri-
cle is echo mass in the pericardium, which indicates the

a) b)
Fig. 3 – a) Pericardial effusion with the presence of blood clot; b) Ventricular septum rupture.
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presence of blood clot, although it is not enough for a com-
plete diagnosis without direct view of the rupture. This em-
phasizes the need for better education and best echo ma-
chines in intensive care units for better and faster diagnosis
of acute myocardial infarction complications.

VSR as a mechanical complication after acute myocar-
dial infarction in patients who did not receive reperfusion ther-
apy occurs late, within five days, in contrast to patients who
received fibrinolysis when it occurs within the first few days 9.
Risk factors for this complication are older age, infarction of
anterior localization and one vessel coronary heart disease 10.

Emergency operation in patients with this complication is
vital. In the literature there are just single case reports which
show successful operations 11–13. We have to emphasize that
even when they are operated, mortality is extremely high 8.

It should be noted that the operative mortality in pa-
tients with inferior infarction, as in our case, is much higher
and reaches 58% as compared to patients with anterior in-
farction (25%) 14.

DHR represents a serious and usually fatal complication,
and often is primary found at surgery or autopsy in these pa-
tients. Risk factors for DHR are: older age, female gender, first
myocardial infarction, anterior localization and hypertension 1.

DHS after acute myocardial infarction occurs rarely, so
in the literature there are only single case reports. The only
study on 10 patients with clinicopathological features of
DHS is the study of Tanaka et al. 1. This is why each new
case report is of some significance to this issue.

According to anamnesis, clinical findings and cardiac
enzymes (creatine phosphokinase, myoglobin and troponin I)
can be assumed that the myocardial infarction of inferior lo-
calization associated with right ventricular myocardial in-
farction in our example took about three days before admis-
sion, but that was misdiagnosed. In relation to this it was de-
fined as a subacute rupture, as evidenced by the presence of
blood clot in the pericardium, which probably in the first
stage prevented acute tamponade. Elevation of ST segment
on ECG and the presence of thrombus and small effusion in
the pericardium was probably a sign of rupture of the free
wall of the left ventricle. In our case reperfusion therapy (fi-
brinolysis or PCI) was not applied, myocardial infarction
was three days old with hypertension, it was first myocardial
infarction, and the autopsy showed one vessel coronary ar-
tery disease, so this patient had all the risk factors for myo-
cardial rupture, which are described in the literature.

Conclusion

This case points out the need for early reporting after
symptoms of acute myocardial infarction in order to prevent
complications, the need for early reperfusion, and the necessity
of detailed noninvasive tests in patients with acute myocardial
infarction if the facilities are available. Echocardiography should
be routinely performed in patients with acute myocardial infarc-
tion at admission to the intensive care unit and is always re-
quired in cases of hemodynamic instability of the patient.
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Abstract

Introduction. Wilson's disease is typically manifested in
two clinical forms, neurological and hepatic and in rare
cases it starts with psychiatric symptoms exclusively. We
presented a rare atypical case of Wilson's disease with psy-
chotic onset. Case report. A 22-year-old male patient was
initially presented with predominant signs and symptoms of
psychiatric disorder and then later with the development of
neurological signs and symptoms. Neuroimaging, detected
metal deposits in central nervous system (CNS) but not in
peripheral organs, while serum analysis excluded pantothen-
ate-kinase associated neurodegeneration and aceruloplasmi-
nemia. In favor of the diagnosis of Wilson's disease there
were reduced concentrations of copper and ceruloplasmin
concentrations and metal deposits in CNS, but other pa-
thognomonic signs and symptoms were absent: increased
copper in urine, Kayser-Fleischer rings in Descemet’s cor-
neal membrane and deposits of copper in liver. Introduc-
tion of penicillamine treatment resulted in improvement in
mental and general health of the patient. Molecular genetic
analysis definitely confirmed the diagnosis of Wilson's dis-
ease. Conclusion. Wilson's disease can remain undetected
for a long period of time if masked with dominant or exclu-
sive psychiatric symptoms. If clear clinical symptoms and
signs, and unambiguous laboratory findings are not present,
it is necessary to perform molecular genetic analysis to con-
firm the definitive diagnosis.

Key words:
hepatolenticular degeneration; diagnosis; mental
disorders; copper; molecular biology; genetic diseases,
inborn; treatment outcome.

Apstrakt

Uvod. Vilsonova bolest se karakteristi no ispoljava kroz
dva klini ka oblika, neurološki i heparni, a re e po inje is-
klju ivo sa psihijatrijskim simptomima. Prikazan je redak,
atipi ni slu aj Vilsonove bolesti sa psihoti nim po etkom.
Prikaz bolesnika. Muškarac od 22 godine imao je u po-
etku, tokom nekoliko godina, dominantne znakove i sim-

ptome psihijatrijskog poreme aja, a tek kasnije neurološke
znakove i simptome. Neuroradiološkim analazima su dete-
ktovani depoziti metala u centralnom nervnom sistemu
(CNS),  ali ne i u perifernim organima, a laboratorijskim
analizama krvi isklju eni su pantothenate-kinase associated neu-
rodegeneration i aceruloplazminemija. U prilog dijagnoze Vil-
sonove bolesti bili su snižena koncentracija bakra i cerulo-
plazmina u serumu i depoziti metala u CNS-u, ali su bili
odsutni drugi patognomoni ni znaci i simptomi: povišen
bakar u urinu, Kajzer-Flajšerovi prstenovi u Descemetovoj
membrani korneje i  depoziti bakra u jetri. Na terapiju pe-
nicilaminom došlo je do poboljšanja psihi kog i opšteg
zdravstvenog stanja bolesnika. Dijagnoza Vilsonove bole-
sti definitivno je potvr ena molekularno genetskim anali-
zama. Zaklju ak. Vilsonova bolest može dugo ostati nep-
repoznata, ukoliko je maskirana dominantnim ili isklju ivo
psihijatrijskim simptomima. Ako nisu prisutni jasni klini ki
simptomi i znakovi i nedvosmisleni laboratorijski nalazi,
neophodno je uraditi molekularno genetsku analizu radi
kona ne potvrde dijagnoze.

Klju ne re i:
hepatolentikularna degeneracija; dijagnoza; mentalni
poreme aji; bakar; biologija, molekulska; nasledne
bolesti; le enje, ishod.

Introduction

Wilson's disease is a progressive autosomal recessive
disorder characterized by disruption of transport and excretion,
as well as excessive accumulation of copper in liver, eyes,

central nervous system (CNS) and other organs. It is clinically
manifested in childhood or adolescence, usually before the age
of 40, most often in the second decade. Siblings of affected
persons have risk of 25% of developing this disease. The name
of the disease dates back from 1912, when Alexander Kinnier
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Wilson 1 first described family neurological disorder mani-
festing with extensive tremor and parkinsonism-like symp-
toms, all associated with liver cirrhosis. Synonyms for this
disease are "hepatolenticular degeneration", "Westphal’s
pseudosclerosis" and "Strümpel’s disease".

Wilson's disease is caused by mutations in the ATP7B
gene locus 13q14.3 - q21.1 on the second arm of the 13th
chromosome. This gene controls binding of copper for trans-
port protein ceruloplasmin (alpha-2 globulin). Mutations in
ATP7B gene change biosynthetic and transporting role of
ATPase in cell, resulting in impaired billiary excretion of cop-
per and its accumulation in liver, brain, cornea and other tis-
sues 2. The disease incidence is estimated to be 1 in 30,000 to 1
in in 50,000 3, 4, and it is supposed that the prevalence is 30 per
million, with the frequency of heterozygotous mutations carri-
ers of about 1 in 90 to 1 in 150 5, 6. Until now, it has been identi-
fied more than 400 mutations in ATP7B gene with characteris-
tic geographic distribution 7, 8. In a study on Serbian population,
molecular gene defect was identified in 80% of alleles of Wil-
son’s disease patients, with 11 different mutations, and the most
frequent mutations were H1069Q (48.9% of analyzed alleles),
2304–2305insC (11.4%), and A1003T (5.7%) 9.

Copper is an essential oligoelement absorbed in duode-
num, deposited in liver in form of cuproprotein, and in
plasma 95% binds to aceruloplazmin, building ceruloplas-
min. The remaining 5% of copper binds to albumin and
erythrocytes and is excreted through biliary excretion in a
form that is not reabsorbed 10, 11.

In cases with a reduced binding of copper for cerulo-
plasmin which leads to an increase of free circulating copper
and its deposit in tissues. The precise nature of biochemical
abnormalities is not known, but studies of mitochondrial
function indicate the occurrence of free radicals and oxida-
tive stress, due to copper accumulation in mitochondria.

The most common non-neurological manifestations
are ocular and hepatic abnormalities. The most prominent
ocular sign is Kayser-Fleischer ring – a bilateral green-
brown granular deposit of copper in Descement’s mem-
brane around corneal limbus which is observed in nearly
100% patients, but not in all 12. Involvement of the liver
leads to chronic liver cirrhosis which can be complicated
with splenomegaly, esophageal varices, haemolytic anemia
and thrombocytopenia.

The major symptoms of neurological forms of the dis-
ease are tremor, dystonia, dysarthria, rigidity, bradykinesia,
horeiform dyskinesia and ataxia.

Phenomena associated with this form may be changes in
mental status that are often manifested in the form of dementia
as a psychomotor retardation, impaired concentration, mnestic
deficit, personality disorders, behavioral and affective disor-
ders. Psychotic phenomena, including hallucinations appears
very rarely. The psychiatric form of the disease is relatively
rare and it is estimated to about 10% of all cases 13–15.

Typical changes in blood laboratory tests point to dam-
age to the functioning of liver and kidneys (aminoaciduria).
The levels of serum copper and ceruloplasmin are low: cop-
per < 11 mmol/L (reference values 11.9–20.4 mmol /L), ce-
ruloplasmin < 0.2 g / L (0.2–0.6 g/L), and 24-hour urine

copper is increased (finding > 0.1 mg/24 h confirms Wilson's
disease, and finding of 0.04 mg/24 h is strongly indicative of
Wilson's disease). Liver biopsy reveals cirrhosis and copper
deposition. Common findings in computerized tomography
(CT) and magnetic resonance imaging (MRI) are cerebro-
cortical atrophy and the abnormalities in the basal ganglia 15.

The combination of neurological symptoms, Kayser-
Fleisher’s rings and a low ceruloplasmin level is considered
sufficient for the diagnosis of Wilson's disease.

In general, the approach to treatment is dependent on
whether there is clinically-evident disease or laboratory or
histological evidence of aggressive inflammatory injury,
whether neurologic or hepatic, or whether the patient is identi-
fied prior to the onset of clinical symptoms. The recommended
initial treatment of symptomatic patients or those with active
disease is with chelating agents, though there are some reports
showing primary treatment with zinc may be adequate for
some individuals. The largest treatment experience worldwide
is still with D-penicillamine; however, there is now more fre-
quent consideration of trientine for primary therapy 17.

Case report

A male patient, aged 22 was admitted to the Clinic of
Psychiatry, Military Medical Academy (MMA), Belgrade,
Serbia, after two years of altered behavior in the form of so-
cial withdrawal, reduction of verbal communication, in-
creased hostility towards family members, subjective sensa-
tion of "vibration" in epigastrium and with occasional ver-
balization of suicidal ideas. Over the past two years, he was
treated as an outpatient in regional psychiatric institution
where he was initially diagnosed as adolescent crisis, and
was treated with anxiolytics and psychotherapy, and later he
was rediagnosed as paranoid schizophrenia, with, prior to
hospitalization in MMA, a 12- months-long treatment with
atypical antipsychotics (risperidone and clozapine), and anti-
depressants (paroxetine, mirtazapine, bupropion) and then
with typical antipsychotic haloperidol. During outpatient
psychiatric treatment, despite the usage of these antipsy-
chotic drugs, there were not any reduction of psychotic phe-
nomena. In that period an electroencephalography (EEG) and
transcranial ultrasonography (TCD) were performed – all
findings were described as normal. A few months before cur-
rent hospitalization the patient was in Africa and there he had
a brief febrile episode.

On admission, complete physical examination showed
practically normal somatic finding: the patient was afebrile,
eupnoic, normotensive, cardipulmonally compensated, with-
out the presence of organomegaly. Psychiatric examination
revealed changed behavior, hostility, negativism, reduction
of verbal communication, poor control of aggressive im-
pulses, proprioceptive hallucinations and excessive sensitiv-
ity. Extrapyramidal symptoms – acynetic-rigid syndrome
with a significant anteflexion of toes of his left foot were ob-
served by neurological examination. Taking into account that
patient had been receiving antipsychotic treatment for one
year, extrapyramidal symptoms could be explained as a
manifestation of iatrogenic (medicament) parkinsonism.
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During hospitalization, additional diagnostic procedures
were done. Findings of laboratory blood analysis, urine bio-
chemical analysis, peripheral blood smear, serum iron and
iron binding data [Fe – 8 mol/L (11–31 mol/L); unsatu-
rated iron binding capacity (UIBC) – 32 mol/L (35–54

mol/L) total iron binding capacity (TIBC) – 40 mol/L (45–
80 mol/L); ferritin – 299 mol/L (22–561 mol/L)] were
normal, as also additional serological blood tests (for echino-
coccosis, cysticercosis borreliosis, plasmodium, viral hepati-
tis, syphilis and HIV). Lumbar puncture was done and cere-
brospinal fluid analysis showed normal findings. The values
of ceruloplasmin and copper in serum and urine were signif-
ficantly different from the reference values: serum cerulo-
plasmin was markedly reduced – < 0.077 g/L (reference val-
ues: 0.2–0.6 g/L); copper concentrations were significantly
decreased 3.77 mmol/L (11.90–20.41 mmol/L) as 24-hour
urine copper < 0.01 mg/24 h (reference value < 0.05 mg/24
h). Control EEG was normal. When auditory brainstem
evoked potentials (AEPMS) was done, bilateral dysfunction
at the level of the rostral part of the brainstem was found.
The finding of visual evoked potential (VEP) was normal.
CT scan showed secondary deposits of metal in basal gan-
glia. Endocranium MRI showed atrophic changes in the brain
parenchyma with a metal deposition in the nucleus lentiformis
and pars compacta of the substantia nigra (Figure 1).

Fig. 1 – Magnetic resonance imaging of the endocranium
shows atrophic changes in the brain parenchyma with
deposition of metal in the nucleus lentiformis and pars

compacta of  substantia nigra.

Transcranial Doppler (TCD) discovered a decreased
flow. Multislice computerized tomography (MSCT) of the
liver was normal: homogenous structure without focal
changes. The possibility of liver biopsy was considered, but
it was not approved by the patient. Ophthalmological exami-
nation was performed in the first week after admission, then
a month later and in both cases the results were normal.
Control ophthalmological examination 3 months after admis-

sion to the hospital, demonstrated for the first time the occur-
rence of Kayser-Fleischer’s rings.

Regardless of the lack of confirmation of the existence of
Wilson's disease 4 weeks after admission to the hospi-
tal, penicillamine therapy was administered with concomitant
symptomatic polyvitamin and sedative therapy. Regular moni-
toring of urine copper concentration showed a significantly
positive response to the therapy, which resulted in increased
excretion of copper in urine (400 times). The definitive diagno-
sis of Wilson's disease was established 3 months later, after re-
ceiving the results of molecular genetic analysis. Genetic test-
ing which was conducted in 2 independent laboratories con-
firmed heterozygous carrier of mutations for Wilson's disease:
in exon 8 (229 Ins C and c.236G-A) and small insertion in exon
8 (c.insC2304-2305), as also in exon 16 (A 1140 V).

Discussion

The presented case of Wilson's disease has several spe-
cific features that distinguish it from most other patients with
the same diagnosis. The first peculiarity consists primarily of
the dominant clinical psychiatric disorder, and because of
that, the patient was diagnosed with a psychotic disorder, and
for nearly 6 months was treated accordingly, with antipsy-
hotic therapy, and during that period he manifested therapo-
resistance. Similar cases were described elsewhere 18, 19.

With psychopathological phenomena manifested on
admission which had a character of non-specific psychotic
disorder, neurological signs which were also observed, and
with anamnestic data about recent return from Africa, where
he had a brief episode of high fever, all pointed to a possible
infectious etiology.

After a detailed laboratory analysis of blood and cerebro-
spinal fluid, when infectious disease of CNS was excluded,
and when neuroradiological imaging demonstrated the pres-
ence of metal deposits in brain structures, several differential
diagnosis resolution were discussed: panthotenate kinase-
associated neurodegeneration (PKAN) formerly called Halle-
vorden Spatz syndrome, Wilson's disease and aceruloplasmi-
nemia. Neuroimaging indicated the existence of metal deposits
in specific CNS structures which was not enough to resolve
the differential diagnosis between these diseases. Similarities
in clinical presentation – the presence of neurological and psy-
chiatric symptoms, characteristic for all these disorders did not
contribute to further precise diagnosis. More detailed diagnos-
tic determination was achieved with laboratory analysis of
blood and urine: normal values   o f laboratory analysis of
iron excluded diagnosis of PKAN. The absence of signs of
diabetes mellitus, anemia, and retinal degeneration, with nor-
mal iron and ferritin concentrations excluded the diagnosis of
aceruloplasminemia 20. At the same time, significantly lower
levels of ceruloplasmin and copper in serum indicated the
presence of Wilson's disease, despite the absence of pathog-
nomonic signs: Kayser-Fleischer rings, metal deposits in liver
and decreased values of copper in urine 12.

After clinical decision to initiate penicillamine therapy,
which led to the improvement of mental and general health
of the patient, the diagnosis of Wilson's disease was obtained
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ex-iuvantibus 21. No sooner than 2 months after the beggin-
ing of treatment,  ophthalmological examination showed
Kayser-Fleisher rings, and 3 months later, the results of mo-
lecular genetic analysis confirmed the diagnosis of Wilson's
disease 22.

Conclusion

Atypical form of Wilson's disease can remain unde-
tected for a long time if it is masked by dominant or exclu-

sive psychiatric symptoms. If clear clinical signs and symp-
toms (neurological, ophthalmological) are not fully present,
and unambiguous laboratory findings (decreased concentra-
tions of copper and ceruloplasmin in serum and increased
concentration of copper in urine), it is necessary to perform
molecular genetic analysis in order to confirm the definitive
diagnosis.

Early diagnosis and effective treatment improve the
outlook. The prognosis of Wilson’s disease is excellent pro-
vided that the treatment starts before irreversible damage.
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Abstract

Introduction. Li-Fraumeni syndrome (LFS) is a very rare
familial disease with the predisposition to the development
of malignant tumors, such as osteosarcoma, breast cancer,
brain neoplasm, leukemia, and adrenal tumors. Inheritance
is autosomal dominant and is caused by heterozygous mu-
tations in the p53 gene. The diagnosis is based on clinical
criteria: a person under the age of 45 years suffering from
sarcoma, the closest relative younger than 45 years diag-
nosed with cancer and a relative of the first or second de-
gree, which is up to 45 years, was diagnosed with cancer and
was diagnosed with sarcoma at any age. Case report. The
presented family with three members diagnosed with malig-
nant disease typical for LFS suggests the need to carefully
follow those diagnosed with LFS related tumor. A 24-year-
old man diagnosed and treated for osteosarcoma of the
maxilla died in the first year. His younger brother was sub-
mitted to surgery due to osteosarcoma of the mandible
three years later, and a year later in his 24 year he had  no
signs of locoregional recurrence. Their mother was operated
in 1996 for glioblastoma multiform brain cancer and ductal
carcinoma, and died two years later at the age of 33. Con-
clusion. The presented family highlights the need for care-
ful examination, inspection and notification of the risks of
family members diagnosed with LFS related tumors.

Key words:
li-fraumeni syndrome; diagnosis; treatment outcome;
prognosis.

Apstrakt

Uvod. Li-Fraumenijev sindrom (LFS) predstavlja veoma
retko familijarno obolenje sa predispozicijom za razvoj
pojedinih malignih tumora, kao što su: osteosarkom, kar-
cinom dojke, neoplazma mozga, leukemija i adrenalni tu-
mori Nasle uje se autozomno dominantno, a nastaje us-
led heterozigotne mutacije na genu p53. Dijagnoza se po-
stavlja na osnovu klini kih kriterijuma: osoba mla a od 45
godina obolela od sarkoma, najbliži srodnik mla i od 45
godina oboleo od karcinoma i srodnik prvog ili drugog
kolena koji je do 45. godine oboleo od karcinoma ili
oboleo od sarkoma u bilo kom uzrastu. Prikaz bolesni-
ka. U radu je prikazana porodica u kojoj su kod tri lana
dijagnostikovana maligna obolenja karakteristi na za LFS.
Muškarac star 24 godine oboleo i le en od osteosarkoma
gornje vilice preminuo je u toku prve godine. Njegov
mla i brat je 3 godine kasnije operisan od osteosarkoma
donje vilice, a godinu dana kasnije u svojoj 24 godini bio
je bez znakova lokoregionalnog recidiva. Njihova majka je
1996. godine operisana od multiformnog glioblastoma
mozga i duktalnog karcinoma dojke. Umrla je dve godine
kasnije u 33. godini života.  Zaklju ak. Ovaj prikaz uka-
zuje na potrebu pažljivog pregleda, kontrolisanja i obave-
štavanja o rizicima lanova porodice obolelih od tumora
koji su u vezi sa LFS.

Klju ne re i:
li-fraumeni sindrom; diagnosis; le enje, ishod;
prognoza.

Introduction

Li-Fraumeni syndrome (LFS) is a hereditary cancer
predisposition syndrome caused by heterozygous mutation in
the p53. This syndrome is very rare with ~ 400 families re-
ported in the literature. This syndrome is characterized by
autosomal dominant inheritance and early appearance of tu-
mors, multiple tumors within a person, and multiple affected

family members 1. Osteosarcoma, soft tissue sarcoma, leu-
kemia, brain cancer, breast cancer, and adrenal cortical tu-
mors are the most common types of cancer found in LFS
families. This syndrome is also known as sarcoma, breast,
leukaemia and adrenal gland (SBLA) syndrome 2.

Classic LFS syndrome is defined as proband with a sar-
coma under the age of 45 and the first-degree relative (sib-
ling, parent, or child) with any cancer diagnosed before the



Strana 1160 VOJNOSANITETSKI PREGLED Volumen 71, Broj 12

Ili  PM, et al. Vojnosanit Pregl 2014; 71(12): 1159–1162.

age of 45, and the first- or second-degree relative (grandpar-
ent, uncle, aunt, nephew, niece, or grandchild) diagnosed
with any cancer before the age of 45 or with sarcoma diag-
nosed at any age 3.

There is also a hereditary  condition of cancer predisposi-
tion that has been called Li-Fraumeni-like syndrome (LFL)
which is defined as proband with any childhood cancer, or a
sarcoma, adrenocortical tumor, or brain tumor before the age of
45, the first- or second-degree relative in the same lineage with
LFS tumor at any age, and the first- or second-degree relative
in the same lineage with any cancer before the age of 60 4.

LFS and LFL are genetic conditions. Approximately
70% of LFS cases and 40% of LFL cases contain germline
mutations in the p53 gene on chromosome 17p13.1 5. TP53
mutations have been primarily implicated in Li–Fraumeni
syndrome 6. Mutations in another gene, called CHEK2, have
been found in another form of Li-Fraumeni syndrome
(LFS2). Women with CHECK2 mutations could be in in-
creased risk for breast cancer 6. A third locus has been
mapped on the long arm of chromosome 1 (1q23) but the
gene has not been identified.

Case report

We presented a family with three members diagnosed
with a malignant disease typical for LFS, so that the clinical
criteria for LFS were  met.

A proband with sarcoma before the age of 45-elder son
with osteosarcoma died at the age of 24

A 24-year-old man with swelling in the region of upper
incisors observed in January 2008, visited maxillofacial sur-
geon in May 2008. Local extraoral finding showed swelling of
premaxilla with a lobular tumor dimension 30  20  10 mm
in the oral premaxilla region which partially covered the cheek
surface of the upper central incisors, but the mucosa over the
tumor was preserved and seemed unchanged (Figure 1). Left

maxillary alveolar process was completely ballooned. Pa-
thology of biopsy indicated a chondrosarcoma. CT scan
showed the sclerotic, osteolytic areas with inhomogeneous

and prominent periosteal reaction in the alveolar process of
the left maxilla and the lower part of the left maxillary sinus
was filled with tumor mass that infiltrated the lower nasal
concha. The neck had no of enlarged lymph nodes.

In early June 2008 the patient underwent total maxil-
lectomy which included a resection of the premaxilla until
the contralateral (right) first premolar and resection of the
lower nasal concha. Histological findings showed an osteo-
sarcoma with small cells with some fibroblastic and chon-
droblastic foci (Figure 2).

Fig. 2 – Maxillary tumor osteosarcoma with small cells in the
myxoid stroma in the elder son-proband (HE, 200).

The radiotherapy started in the optimal period, but only
a month after maxillectomy a recurrence in the midline of the
nasal cavity was diagnosed. A resection of the tumor was
followed, and the finishing of previously established radio-
therapy. In the coming months there was a locoregional re-
currence – sphenoid bone infiltration and left orbital tumor
progression leading to blindness. Distant metastases in the
lungs and multiple secondary cutaneous deposits occurred.
The death was due to cardiopulmonary failure in December
2008. Subsequent histological analysis indicated high grade
conventional osteosarcoma chondro and osteoblastic types.

A first-degree relative diagnosed with any cancer
before the age of 45 – mother with breast and brain
cancer died at the age of 33

From the data of the previous two patients found out
that their mother was born in 1965 underwent separately
brain and breast surgery in 1996. Pathohystological findings
showed invasive ductal carcinoma of breast and brain multi-
form glioblastoma (Figure 3). She died in 1998. She had no
siblings.

A first-degree or second-degree relative diagnosed with
any cancer before the age of 45 or diagnosed with
sarcoma at any age – younger son with osteosarcoma
diagnosed at age of 23

A 23-year male observed a sweling and deformity of
the left mandible in April 2012 (Figure 4). Two months be-
fore he noticed a numbness of the lower lip. Maxillofacial
surgeon examined him and endosseous biopsy was per-
formed a few days later. Pathology findings indicated a ma-

Fig. 1 – Tumor mass in the oral premaxilla region which
partially covered the cheek surface of the upper central

incisors in the elder son-proband.
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lignant mesenchymal tumor, probably chondrosarcoma. The
radiologist on computed tomography (CT) scanning de-
scribed extended body of the mandible from the mental fo-
ramen to the left lower jaw angle. The medulla was modified
by a bone mass characterized with inhomogeneous higher
attenuation and cortex showed individual partial erosion. In
the neck region II were present lymph nodes greatest diame-
ter 17 mm, oval.

In the beginning of June, he underwent hemimandibu-
lectomy with supraomohyoid neck dissection. Histological
findings were: osteosarcoma with fibroblastic and chondro-
blastic foci (Figure 5). Immunohistochemical characteristics

of tumor cells were: vimentin and S-100 and CD99 positive,
and negative on CD79a, CD3, HMB45, desmin, MyoD1,
EMA, CK18, CK5/6. The proliferative index (Ki67) was
rather uneven and very high, on the average 30% of cells.
The neck was tumorfree.

A combined chemo- and radiotherapy followed. The
patient was regularly controlled clinically and by imaging
magnetic resonance imaging (MRI) of the head, chest CT,
abdominal ultrasound (US). Locoregional recurrence and
distant metastases were not registered. He regularly per-
formed his profesional and daily activities.

Discussion

Li–Fraumeni syndrome is named in honor of Frederick
Pei Li and Joseph F. Fraumeni, Jr. 7, the American physi-
cians who first recognized and described the syndrome. In
the study on 648 childhood rhabdomyosarcoma patients, they
identified 4 families in which siblings or cousins had a child-
hood sarcoma. These 4 families also had distinct histories of
breast cancer and other neoplasm, assuming a new familial
cancer syndrome of different tumors. The following pro-
spective study confirmed the high risk of different tumors in
family members 8. In contrast to other hereditary cancer syn-
dromes, which are mainly characterized by site-specific can-
cers, LFS presents a diverse of tumor types. The most com-
mon types are soft tissue sarcomas and osteosarcomas, breast
cancer, leukemia, and adrenocortical carcinoma.

Pearson et al. 9 reported 2 families with LFS.  In the
first, the mother had breast cancer and 3 of her 4 children
had adrenocortical carcinoma, rhabdomyosarcoma, and
medulloblastoma; in the other, the mother had breast cancer
and 2 of her 3 children had rhabdomyosarcoma and adreno-
cortical carcinoma. An increased risk for melanoma 10,
Wilms' tumor, and cancers of gaster, esophagus, colon, pan-
creas, gonadal germ cells and lung, have also been reported
11–13. Someone who has LFS may be at risk for neoplasm of
almost every part of the body.

The syndrome is characterised by the appearance of
tumors associated to LFS at an early age 14 and the occur-
rence of multiple primary malignant tumors 1, 14. Tumors in
the case of family were diagnosed in 30, 24 and 23 years of
age. The mother was diagnosed by multiple primary malig-
nance – of the brain and the breast, during one calendar year.
The median age of breast cancer diagnosis in LFS woman is
33 years average and 16 years of brain tumor onset 15.  De-
termination of TP53 gene mutation is not as high-sensitivity
method; it is positive in 50–70% of cases. LFS is a very rare
disease, so we suspected on this one when the younger
brother was diseased. The same surgeon operated both of
brothers and set of the clinical diagnosis of LFS.

The early diagnosis of LFS raises the issue of preventive
screening for carriers of mutations that can have long-term risk
of development of malignancy, which is estimated at 73% for
men and 100% for women carriers 16. Malignant brain tumors
and breast cancer are particularly common in older TP 53
mutation carriers, requiring full annual clinical examination
and regular screening for breast cancer for females. A high de-

Fig. 3 – Ductal infiltrative breast carcinoma in the mother
(HE, 200).

Fig. 4 – Deformity of the left mandible in the younger son.

Fig. 5 – Mandibular osteosarcoma with the small round
cells surrounding homogenous eosinophylic osteoid deposits
with some fibroblastic cells in the younger son (HE, 200).
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gree of suspicion should be maintained for LFS carriers who
complain of unexplained persisting symptoms.

Conclusion

The case of families with Li-Fraumeni Syndrome indi-
cates the need of getting a detailed family history in patients
with tumors associated with this syndrome. Mutations in the

TP53 gene do not prove a specific finding for Li-Fraumeni
Syndrome which is the reason for the annual clinical review
and full physial examination with regular screening for
breast cancer for females. Informing family members about
the possible risks related to Li-Fraumeni Syndrome could
lead to the early detection of Li-Fraumeni Syndrome related
tumors.
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Abstract

Introduction. Placenta previa is related to severe maternal
and fetal morbidity. The increasing incidence of cesarean
delivery rate causes a marked increase in abnormally inva-
sive placenta over the past decades. The abnormally invasive
placenta is becoming the foremost cause of obstetric hem-
orrhage and postpartum hysterectomy, causing a significant
maternal and fetal morbidity and even mortality. Maternal
morbidity in such cases also comprise politransfusion, de-
velopment of disseminated intravascular coagulation, uter-
ine rupture, cystostomy, fistula formation, ureteral stricture,
intensive care unit admission, infection, and prolonged hos-
pitalization, adult respiratory distress syndrome, renal fail-
ure, septicemia and even death. Case report. A 38-year-old
gravida 3, para 2, was admitted to our hospital at 27 weeks
of gestation as an emergency due to vaginal bleeding, previ-
ously diagnosed with an anterior placenta previa. Following
tocolytic therapy, bleeding stopped. The patient was in-
formed on the diagnosis and the possibility of life-
threatening hemorrhage necessitating preterm delivery. She
was given corticosteroids to enhance fetal lung maturity. At
28 weeks of gestation, she experienced massive vaginal
bleeding, and a decision was made to perform emergency
cesarean section. We made a corporeal transverse uterine
incision well above the uterovesical fold and tortuous ves-
sels, at the same time avoiding the superior edge of the pla-
centa. The placenta was found to be densely adherent to the
lower uterine segment, penetrating through it and infiltrat-
ing the posterior wall of the urinary bladder. An attempt to
remove the placenta resulted in injury to the bladder wall
and the uterine rupture at a previous cesarean scar. The de-
cision was made to perform total abdominal hysterectomy
with placenta left in situ. At present, both mother and the
baby are well. Conclusion. Anticipation and the surgeon's
judgment are leading factors for surgery, from the choice of
uterine incision type to the decision to proceeding to hys-
terectomy in order to reduce maternal morbidity.

Key words:
placenta previa; risk assessment; cesarean section;
hysterectomy; treatment outcome.

Apstrakt

Uvod. Placenta previja je stanje koje je povezano sa teškim
maternalnim i fetalnim morbiditetom. Pove anje incidencije
carskih rezova dovelo je do zna ajnog pove anja abnormal-
no invazivne placente  u prošloj deceniji. Abnormalno inva-
zivna placenta je jedan od vode ih uzroka postpartalnih hi-
sterektomija, krvarenja kao i zna ajnog broja maternalnog i
fetalnog morbiditeta i mortaliteta. Maternalni morbiditet u
ovakvim slu ajevima kompromituje transfuziju, dovodi do
razvoja diseminovane intravaskularne koagulacije, do ruptu-
re uterusa, cistostomije, formiranja fistule, uretralnih striktu-
ra, dovodi do pove anja broja prijema u jedinice intenzivne
nege, do infekcija, produženja hospitalizacije, razvoja adult-
nog respiratornog distres sindroma, otkazivanja bubrega,
septikemije, ak i do smrti. Prikaz bolesnika. Trudnica,
stara 38 godina, u tre oj trudno i, primljena je u našu klini-
ku u 27 nedelji gestacije kao hitan slu aj zbog vaginalnog
krvarenja. Prethodno kod trudnice dijagnostikovano je po-
stojanje placente previje. Nakon primenjene tokoliti ke te-
rapije krvarenje je prestalo. Trudnica je informisana o dijag-
nozi i o mogu em, po život ugrožavaju em krvarenju, koje
može prouzrokovati prevremeni poro aj. Primila je kortiko-
steroidnu terapiju u cilju maturacije fetalnih plu a. U 28 ne-
delji gestacije trudnica je obilno vaginalno prokrvarila, te je
doneta odluka da se uradi hitan carski rez. U injen je tran-
sverzalni rez na telu uterusa iznad plike vezikouterine i pro-
širenih krvnih sudova, izbegavaju i gornji vrh placente. Pla-
centa je probila ožiljak na donjem segmentu uterusa i infil-
trirala se u zadnji zid mokra ne bešike, pa bi došlo do pov-
rede mokra ne bešike i rupture uterusa ukoliko bi se poku-
šalo manuelno odvajanje i to na mestu ožiljka od prethod-
nog carskog reza. Totalna abdominalna histerektomija ura-

ena je sa placentom na mestu upravo zbog mogu eg krva-
renja. Majka i beba sada su dobro. Zaklju ak. Predvi anje i
odluka hirurga odlu uju i su faktori za operaciju, od izbora
uterusne incizije pa do odluke da se nastavi ka histerektomi-
ji, sve u cilju sniženja maternalnog morbiditeta.
Klju ne re i:
placenta previja; rizik, procena; carski rez;
histerektomija; le enje, ishod.
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Introduction

Placenta previa is related to severe maternal and fetal
morbidity. Its incidence is growing due to the rising rate of
cesarean sections and advanced maternal age on delivery 1.
Increasing incidence of cesarean delivery rate is also causing
a marked increase of abnormally invasive placenta over the
past decades 2, 3. It is 1 in 533 deliveries and the occurrence
has risen 10-fold over the last five decades, which can
mainly be attributed to the increased number of cesarean de-
liveries 3, 4.

Therefore, abnormally invasive placenta is becoming
the foremost cause of obstetric hemorrhage and postpartum
hysterectomy, because it usually results in significant mater-
nal and fetal morbidity and even mortality 3. Most of the
women with abnormally invasive placenta present with
known predisposing factors 3. Both placenta previa and ab-
normally invasive placenta have the same major risk factors,
namely tissue insult and scaring. The usual causes are previ-
ous cesarean section, myomectomy, histeroscopic surgery,
suture of uterine perforation, infection and dilatation and cu-
rettage 3, 5.  The risk of abnormally invasive placenta in-
creases proportionately with the number of previous cesarean
deliveries 6. Advanced maternal age is an independent risk
factor for both conditions 3.  In the subgroup of women with
placenta previa the risk of abnormally invasive placenta is
predominantly increased. In the presence of placenta previa,
the risk of having placenta accreta rises from 24% in women
with one cesarean section to 67% for women with three pre-
vious cesarean sections 6.

Abnormally invasive placenta is categorized into ac-
creta/increta/percreta in the order of increasing severity and
invasion of placental villi through the myometrium. The
most severe form is placenta percreta, which involves pla-
cental penetration through the full thickness of the uterine
wall and in some cases into adjacent organs such as urinary
bladder, broad ligament, cervix, uterine artery and bowel 5.
Separation of such placenta from the uterine wall can lead to
extensive hemorrhage. Placenta percreta with urinary bladder
invasion is a principally uncommon, life-threatening compli-
cation of pregnancy 6. It poses a significant risk of hemor-
rhage and carries a very high morbidity and mortality risk for
both mother and the fetus.

The majority of women with abnormally invasive pla-
centa require a hysterectomy. Although successful conserva-
tive management has been described, there are currently in-
adequate data to endorse this approach to management rou-
tinely 6, 7.  Maternal morbidity in cases of placenta percreta
also comprises politransfusion, development of disseminated
intravascular coagulation, uterine rupture, cystostomy, fistula
formation, ureteral stricture, intensive care unit admission, in-
fection, and prolonged hospitalization, adult respiratory dis-
tress syndrome, renal failure, septicemia and even death 6–8.

Case report

A 38-year-old woman gravida 3, para 2, was admitted
to our hospital at 27 weeks of gestation as an emergency due

to vaginal bleeding. The patient had a history of prior two
cesarean sections, the first 9 years before and the second 4
years prior to the present pregnancy. She had been previ-
ously diagnosed with anterior placenta previa. Apart from
several episodes of mild vaginal bleeding, her antenatal
course was uneventful.

Her vital signs on admission were stable and hemoglo-
bin was 102 g/L. Coagulation profile was normal. An ultra-
sound examination showed normal fetal anatomy and growth
and confirmed the diagnosis of placenta previa. Following
tocolytic therapy, bleeding stopped. The patient was in-
formed of the diagnosis and the possibility of life-threatening
hemorrhage necessitating preterm delivery. She was given
corticosteroids to enhance fetal lung maturity and antibiotic
prophylaxis. The patient was followed conservatively with-
out further complications for 6 days.

At 28 weeks of gestation, she experienced massive
vaginal bleeding, and a decision was made to perform emer-
gency cesarean section under general anesthesia. Both the
patient and her family were informed on the possible com-
plications and a prior informed written consent to the prob-
ability of emergency cesarean hysterectomy and its associ-
ated morbidity was obtained.

On opening the abdominal wall by making lower me-
dian laparotomy incision omentum was found densely ad-
herent to the anterior uterine wall, limiting its visualization
and necessitating omental resection. We found the en-
gorgement of the vessels around the vesicouterine perito-
neal fold and the bladder outer surface, because of which
we made a corporeal transverse uterine incision well above
the uterovesical fold and tortuous vessels, at the same time
avoiding the superior edge of the placenta. A male fetus
with Apgar scores of 2 and 3 at 1 and 5 min, respectively,
weighing 1,240 g was delivered. The neonate was trans-
ferred into neonatal intensive care unit. The placenta was
found to be densely adherent to the lower uterine segment,
penetrating through it and infiltrating the posterior wall of
the urinary bladder. An attempt to remove the placenta re-
sulted in injury to the bladder wall and the uterine rupture
at a previous cesarean scar.

The patient became hypotensive, with blood systolic
pressure 60 mm Hg and a heart rate 150 beat per min. The
decision was made to perform a total abdominal hysterec-
tomy with placenta left in situ. Intraoperative urologic con-
sultation was obtained, which confirmed ureteric patency and
trigon uninjured. The bladder wall was repaired in 2 layers.

Intraoperative coagulation studies were: platelets 80
000/ L, prothrombin time 26.6 s (reference values 10–13),
international normalized ratio 2.48 (reference values 0.8–
1.2), partial thromboplastin time (PTT) 112 s (normal range
60–70 s), fibrinogen 0.59 g/L (normal range 1.5–4.5 g/L),
antithrombin III 14.6 (reference values 80-120), D dimmer
3.12 (< 0.5).

Over the course of 210-min surgical procedure massive
blood transfusion was necessary: 11 units of packed red
blood cells and 1,200 mL of autologous blood in order to re-
place blood loss. The patient was also given 10 units of fresh
frozen plasma, 12 units of platelets, 10 units of cryoprecipi-
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tate, 1,500 mL of colloid and 3,800 mL of crystalloid. She
also received a course of prophylactic intravenous antibiot-
ics. She was transferred to the intensive care unit where she
received an additional of 3 units of packed red blood cells.
The patient was monitored in the intensive care unit for 5
days.

The postoperative course was uneventful. The urinary
catheter was left in place for 13 days. The patient was dis-
charged within 2 weeks after the surgery voiding well. Dur-
ing follow up in the outpatient department there were no
complications, including urological ones. The baby spent 26
days in the neonatal intensive care unit, and was discharged
69 days after the delivery without early neonatal sequelae. At
present, both the mother and the baby are well.

The pathology report showed the placental villi ex-
tending through the myometrium of the lower uterine seg-
ment thus confirming the diagnosis of placenta previa per-
creta causing uterine rupture (Figure 1).

Discussion

The incidence of abnormally invasive placenta has been
reported to be increasing, and a persistent rise in cesarean
delivery rates will cause its further rise 9, 10. This condition
has been present worldwide as the primary indication for
emergency postpartum hysterectomy, accounting for up to
50% of all emergency peripartum hysterectomies nowadays
1, 2, 5. According to the results of our previous research, based
on histological diagnosis, prevalence of abnormally invasive
placenta in our institution is 0.19 per 1,000 deliveries (0.06%
of cesarean sections) 1.

The presented 38-year-old patient had most of the sig-
nificant risk factors for placenta percreta, namely 2 prior
cesarean sections, anterior placenta previa. When a multip-
ara with previous cesarean sections is found to have pla-
centa previa, as in the presented case, the possibility of ab-
normally invasive placenta should be born in mind. Gray
scale, color and power Doppler, as well as three-
dimensional ultrasonography and magnetic resonance im-

aging have been shown to be useful in antenatal diagno-
sis 3, 7. In the presented case, the diagnosis was not recog-
nized until emergency delivery. Prediction of abnormally
invasive placenta relies on adequate screening with ultra-
sound, which was not performed in the presented case.
Taking into account the rise in cesarean delivery rate, it
would be recommendable to perform a routine screening
for abnormally invasive placenta in cases with the presence
of risk factors, such was the presented one. It is also advis-
able to use magnetic resonance imaging in cases with
doubtful bladder and parametrial invasion 3.

This case report demonstrates that, even in the absence
of sophisticated diagnostic techniques, such as 3-dimensional
ultrasound and magnetic resonance imaging, a high index of
suspicion and an experienced surgeon can provide favorable
results. Necessity to bear in mind possibility of abnormally
invasive placenta in women with major risk factors is essen-
tial for good outcomes in such cases.

The maternal morbidity in women with abnormally in-
vasive placenta is high, especially in cases of placenta per-
creta 8. The maternal mortality ranges from 7% to 22% in the
literature 6. In a meta-analysis of placenta percreta with blad-
der invasion published by Washecka and Behling 8 there
were three maternal deaths out of 54 cases. Maternal out-
come can be significantly improved with the prenatal diag-
nosis 3. Lethal outcome is more frequent in patients like ours,
with antenataly unrecognized abnormally invasive placenta.
The main cause of death in such cases is hemorrhage and
disseminated intravascular coagulation 6. The use of cell sal-
vage has been advocated in the literature in woman with an-
ticipated massive hemorrhage 3. In the presented case,
autologous blood salvage was used without any complica-
tions registered. The literature data suggests that mean blood
loss at cesarean delivery in such cases is over 2.5 L, which
explicates the routine use of intraoperative autologous blood
salvage 3. As presented in this case, the use of autologous
blood transfusion can contribute favorable maternal out-
come.

posterior aspect anterior aspect

Fig. 1  Macroscopic appearance of the uterus
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Extensive hemorrhage and urinary complications can be
caused by manual removal of the placenta previa percreta, as
in the presented case. The prenatal diagnosis of the condition
in risk cases is important as scheduled cesarean hysterectomy
can reduce maternal morbidity and mortality. With this atti-
tude, there is concern for risk of neonatal morbidity because
of premature birth as well. More data are necessary before
making recommendations about the optimal timing of deliv-
ery in such women.

Treatment options vary from conservative approaches
to obstetric hysterectomy 3. Hysterectomy is considered to be
the gold standard in management, particularly for women
who do not wish to continue their fertility 5. At the moment,
this procedure seems to be the only appropriate treatment
available but fertility-sparing options need to go into further
research 5. Having in mind uterine rupture, bladder involve-
ment, age and patient's obstetric history, as well as intracta-
ble hemorrhage we undoubtedly performed emergency ce-
sarean hysterectomy as a lifesaving procedure in the pre-
sented case, without considering conservative management.
The conservative options include leaving the placenta in situ,
awaiting either spontaneous resorption or expulsion. It is also
manageable with prophylactic or therapeutic uterine artery
embolization, internal artery ligation and methotrexate,
uterine compression sutures and/or over sewing of the pla-
cental vascular bed. Because of collateral vasculature in the
pelvis, hypogastric artery occlusion does not completely stop
uterine blood flow and success rate in arresting hemorrhage
with this technique 6. The outcome of leaving the placenta in

place varies extensively, and includes complete remission, an
intrauterine infection requiring prolonged administration of
antibiotics, delayed vaginal bleeding and hysterectomy 3.
There are cases reported with placenta percreta that was left
in situ with good outcome with adjuvant therapy given, in-
cluding methotrexate, transarterial embolization of the uter-
ine arteries or both 3. The potential benefits of fertility spar-
ing management must be weighed against the associated
risks and the possibility of recurrent abnormally invasive
placenta in these women. Surgery in cases of abnormally in-
vasive placenta can cause injury to adjacent organs thus in-
creasing maternal morbidity and mortality.  Cystostomy is
usually necessary, to facilitate dissection of the bladder 8.
Urological complications of placenta percreta with bladder
involvement include massive hematuria, bladder laceration,
urinary tract fistula, ureteric transection, cystectomy and
small capacity bladder 8. Preoperative ureteric stent place-
ment may help reduce the risk of ureteric injury 3. Recogni-
tion of bladder injuries at operation is paramount to prevent
urinary fistula formation and further operation 3.

Conclusion

Anticipation and the surgeon's judgment must be lead-
ing factors for surgery, from the choice of uterine incision
type to the decision to proceeding to hysterectomy in order to
reduce maternal morbidity. In addition, we suggest informed
consent for cesarean delivery to include data about increased
risk of abnormally invasive placenta in future pregnancies.

R E F E R E N C E S

1. Mirkovic Lj, Janjic T, Sparic R, Ravlic U, Raslic Z. Placenta ac-
creta: incidence and risk factors. J Perinat Med 2013; 41(Suppl
1): 1196.

2. Spari  R, Doki  M, Argirovi  R, Kadija S, Bogdanovi  Z, Milenkovi
V. Incidence of postpartum post-cesarean hysterectomy at the
Institute of gynecology and obstetrics, Clinical center of Ser-
bia, Belgrade. Srp Arh Celok Lek 2007; 135(3 4): 160 2.
(Serbian)

3. Doumouchtsis SK, Arulkumaran S. The morbidly adherent pla-
centa: an overview of management options. Acta Obstet Gy-
necol 2010; 89(9): 1126 33.

4. Wu S, Kocherginsky M, Hibbard JU. Abnormal placentation:
twenty-year analysis. Am J Obstet Gynecol 2005; 192(5):
1458 61.

5. Comstock CH. The antenatal diagnosis of placental attachment
disorders. Curr Opin Obstet Gynecol 2011; 23(2): 117 22.

6. Guleria K, Gupta B, Agarwal S, Suneja A, Vaid N, Jain S. Ab-
normally invasive placenta: changing trends in diagnosis and
management. Acta Obstet Gynecol Scand 2013; 92(4): 461 4.

7. Allahdin S, Voigt S, Htwe TT. Management of placenta previa
and accreta. J Obstet Gynaecol 2011; 31(1): 1 6.

8. Washecka R, Behling A. Urologic complications of placenta per-
creta invading the urinary bladder: a case report and review of
the literature. Hawaii Med J 2002; 61(4): 66 9.

9. Zizza A, Tinelli A, Malvasi A, Barbone E, Stark M, de Donno A,
et al. Caesarean section in the world: a new ecological ap-
proach. J Prev Med Hyg 2011; 52(4): 161 73.

10. Silver LE, Hobel CJ, Lagasse L, Luttrull JW, Platt LD. Placenta
previa percreta with bladder involvement: new considerations
and review of the literature. Ultrasound Obstet Gynecol 1997;
9(2): 131 8.

Received on October 10, 2013.
Revised on November 11, 2013.

Accepted on November 22, 2013.



Vojnosanit Pregl 2014; 71(12): 1167. VOJNOSANITETSKI PREGLED Strana 1167

DOI: 10.2298/VSP1412167E

E R R A T U M

The article “Understanding sensitivity, specificity and predictive values”. Vojnosanit Pregl 2014;
71(11): 1062–65 (DOI:10.2298/VSP1411062S)

Listed the authors as: Miodrag Stojanovi , Marija Apostolovi , Dijana Stojanovi , Zoran Miloševi ,
Aleksandra Toplaovi , Vesna Miti  Lakuši , Mla an Golubovi

The list of authors should read as: Miodrag Stojanovi , Marija Andjelkovi -Apostolovi , Dijana
Stojanovi , Zoran Miloševi , Aleksandra Ignjatovi , Vesna Miti  Lakuši , Mladjan Golubovi



VOJNOSANITETSKI PREGLED

VOJNOMEDICINSKA AKADEMIJA

Crnotravska 17, 11040 Beograd, Srbija
Tel/faks: +381 11 2669689
vsp@vma.mod.gov.rs

POZIV NA PRETPLATU ZA 2015. GODINU

asopis „Vojnosanitetski pregled“ (VSP) je nau no-stru nog karaktera i objavljuje radove iz

svih oblasti biomedicine i farmacije. U VSP-u radove ravnopravno objavljuju stru njaci iz Vojske Srbije,

iz civilnih ustanova i iz inostranstva. Štampa se na engleskom jeziku (sa apstraktom na srpskom i

engleskom jeziju).

Pretplata je obavezna za sve autore (i koautore) radova prihva enih za objavljivanje u VSP-u.

VSP izlazi neprekidno 70 godina od 1944. godine do danas. Danas je VSP jedini asopis u

zemlji koji izlazi mese no (12 brojeva), na 100–120 strana A4 formata. Putem razmene ili pretplate VSP

se šalje u 23 zemlje sveta. Radove objavljene u „Vojnosanitetskom pregledu“ indeksiraju: Science

Citation Index Expanded (SCIE), Journal Citation Reports/Science Edition, Index Medicus (Medline),

Excerpta Medica (EMBASE), EBSCO, Biomedicina Serbica. Sadržaje objavljuju Giornale di Medicine

Militare i Revista de Medicina Militara. Prikaze originalnih radova i izvoda iz sadržaja objavljuje

International Review of the Armed Forces Medical Services.

Godišnja pretplata: 5 000 dinara za gra ane Srbije, 10 000 dinara za ustanove iz Srbije i

150 € (u dinarskoj protivvrednosti na dan uplate) za pretplatnike iz inostranstva.

Žiro ra un br. 840-314849-70 MO – Sredstva objedinjene naplate – VMA (za Vojnosanitetski

pregled), poziv na broj 12274231295521415. Za pretplatu iz inostranstva obratiti se službi pretplate na

tel. 3608 997 (gospodin Andirja Jovi evi  – E-mail: strliteratura@gmail.com). Kopiju uplatnice dostaviti

na adresu: Vojnosanitetski pregled, Crnotravska 17, 11000 Beograd; tel/faks: 011 2669689, ili skenirani

uplatnicu na E-mail: vsp@vma.mod.gov.rs. Za zaposlene u Vojsci Srbije omogu ena je pretplata u 12

mese nih rata putem trajnog naloga, tj. „odbijanjem od plate“. Popunjen i overen obrazac, štampan na

poslednjim stranicama asopisa, zainteresovani šalju na adresu VSP-a.



Volumen 71, Broj 12 VOJNOSANITETSKI PREGLED Strana 1169

INSTRUCTIONS TO THE AUTHORS
Vojnosanitetski pregled (VSP) publishes only papers not published

before, nor submitted to any other journals, in the order determined by
the Editorial Board. Any attempted plagiarism or self plagiarism will
be punished. When submitting a paper to the VSP electronic editing
system, the following should be enclosed: a statement on meeting any
technical requirements, a statement signed by all the authors that the
paper on the whole and/or partly has not been submitted nor accepted
for publication elsewhere, a statement specifying the actual contribu-
tion of each author, no conflict of interest statement that makes them
responsible for meeting any requirements set. What follows subse-
quently is the acceptance of a paper for further editing procedure. The
VSP reserves all copyrights for the published papers. Accepted are
only papers in English.

On January 1, 2012 the Vojnosanitetski pregled turned to the elec-
tronic editing system e-Ur: Electronic Journal Editing.

All the users of the system: authors, editors and reviewers have to
be registered at:

http://aseestant.ceon.rs/index.php
The VSP publishes: editorials, original articles, short communica-

tions, reviews/meta-analyses, case reports, medical history (general or
military), personal views, invited comments, letters to the editor, reports
from scientific meetings, book reviews, and other. Original articles, short
communications, meta-analyses and case reports are published with ab-
stracts 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 as reserved for subtitles. Original articles, reviews,
meta-analyses and articles from medical history should not exceed 16
pages; current topics 10; case reports 6; short communications 5; letters
to the editor and comments 3, and reports on scientific meetings and
book reviews 2.

All measurements should be reported in the metric system of the
International System of Units (SI), and the standard internationally
accepted terms (except for mm Hg and °C).

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, Micro-
soft Office (Excel, Word Graph). The use of colors and shading in
graphs should be avoided.

Papers should be prepared in accordance the Vancouver Convention.
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 corresponding author for final
agreement.

Preparation of manuscript
Parts of the manuscript are: Title page; Abstract with Key words;

Text; Acknowledgements (to the authors’ desire), References, Enclo-
sures.

1. Title page
a) The title should be concise but informative, while subheadings

should be avoided;
b) Full names of the authors signed as follows: *, †, ‡, §, ||, ¶, **, ††,

... .
c) Exact names and places of department(s) and institution(s) of af-

filiation where the studies were performed, city and the state for any
authors, clearly marked by standard footnote signs;

d) Conclusion could be a separate chapter or the last paragraph of the
discussion;

e) Data on the corresponding author.
2. Abstract and key words
The second page should carry a structured abstract (250-300 words for

original articles and meta-analyses) with the title of the article. In short,
clear sentences the authors should write the Background/Aim, major
procedures – Methods (choice of subjects or laboratory animals; meth-
ods for observation and analysis), the obtained findings – Results (con-
crete data and their statistical significance), and the Conclusion.  It
should emphasize new and important aspects of the study or observa-
tions. A structured abstract for case reports (up to 250 words) should
contain subtitles Introduction, Case report, Conclusion). Below the
abstract Key words should provide 3–10 key words or short phrases that
indicate the topic of the article.

3. Text

The text of the articles includes: Introduction, Methods, Results, and
Discussion. Long articles may need subheadings within some sections to
clarify their content.

Introduction. After the introductory notes, the aim of the article
should be stated in brief (the reasons for the study or observation), only
significant data from the literature, but not extensive, detailed consid-
eratuion of the subject, nor data or conclusions from the work being re-
ported.

Methods. The selection of study or experimental subjects (patients or
experimental animals, including controls) should be clearly described.
The methods, apparatus (manufacturer's name and address in parenthe-
ses), and procedures should be identified in sufficient detail to allow
other workers to reproduce the results. Also, give references to estab-
lished methods, including statistical methods. Identify precisely all drugs
and chemicals used, with generic name(s), dose(s), and route(s) of ad-
ministration. State the approval of the Ethnics Committee for the tests in
humans and animals.

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 significant 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
supported by your data.

References
References should be superscripted and numerated consecutively in the

order of their first mentioning within the text. All the authors should be
listed, but if there are more than 6 authors, give the first 6 followed by et
al. Do not use abstracts, secondary publications, oral communications, un-
published papers, official and classified documents. References to papers
accepted but not yet published should be cited as ”in press“.  Information
from manuscripts not yet accepted should be cited as ”unpublished data“.
Data from the Internet are cited with the date of citation.

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 be typed double-spaced 1,5 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 table. Each table should be mentioned in the text. If data from
another source are used, acknowledge fully.

Illustrations
Any forms of graphic enclosures are considered to bi figures and

should be submitted as additional databases in the System of Assistent.
Letters, numbers, and symbols should be clear and uniform, 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 (Figure 1, Figure 2 and so
on). If a figure has been published, state the original source.

Legends for illustrations are typed on a separate page, with Arabic
numbers corresponding to the illustrations. If used to identify parts of
the illustrations, the symbols, arrows, numbers, or letters should be
identified and explained clearly in the legend. Explain the method of
staining in photomicrographs.

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
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UPUTSTVO AUTORIMA

Vojnosanitetski pregled (VSP) objavljuje radove koji nisu ranije
nigde objavljivani, niti predati za objavljivanje redosledom koji odre-

uje ure iva ki odbor. Svaki pokušaj plagijarizma ili autoplagijarizma
kažnjava se. Prilikom prijave rada u sistem elektronskog ure ivanja
„Vojnosanitetskog pregleda“ neophodno je priložiti izjavu da su ispu-
njeni svi postavljeni tehni ki zahtevi uklju uju i i izjavu koju potpi-
suju svi autori da rad nije ranije ni u celini, niti delimi no objavljen
niti prihva en za štampanje u drugom asopisu. Izjavu o pojedina -
nom doprinosu autora mora potpisati i od svakog autora rada, treba
skenirati i poslata uz rad kao dopunsku datoteku. Tako e, autori su
obavezni da dostave i potpisanu izjavu o nepostojanju sukoba interesa
ime postaju odgovorni za ispunjavanje svih postavljenih uslova.

Ovome 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 registro-
vani jednozna nom e-mail adresom. Registraciju je mogu e izvršiti na:

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, metaanalize, kazuistika, seminar prak-
ti nog lekara, lanci iz istorije medicine, li ni stavovi, naru eni ko-
mentari, pisma uredništvu, izveštaji sa nau nih i stru nih skupova, pri-
kazi knjiga i drugi prilozi. Radovi tipa originalnih lanaka, prethodnih ili
kratkih saopštenja, metaanalize i kazuistike objavljuju se uz apstrakte
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 i lanci iz istorije medicine ne smeju prelaziti 16 stranica (bez priloga);
aktuelne teme – deset, seminar prakti nog lekara – osam, kazuistika – šest,
prethodna saopštenja – pet, a komentari i pisma uredniku – tri, 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 (sem mm Hg i °C).

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.

Radovi se pripremaju u skladu sa Vankuverskim dogovorom.
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 autoru odre enom za korespodenciju na kona nu
saglasnost.

Priprema rada
Delovi rada su: naslovna strana, apstrakt sa klju nim re ima,

tekst rada, zahvalnost (po želji), literatura, prilozi.
1. Naslovna strana
a) Poželjno je da naslov bude kratak, jasan i informativan i da odgo-

vara sadržaju, podnaslove izbegavati.
b) Ispisuju se puna imena i prezimena autora sa oznakama redom: *, †,

‡, §, ||, ¶, **, ††, ... .
c) Navode se puni nazivi ustanove i organizacijske jedinice u kojima

je rad obavljen mesta i države za svakog autora, koriste i standardne
znake za fusnote.

d) Zaklju ak može da bude posebno poglavlje ili se iznosi u posled-
njem pasusu diskusije.

e) Podaci o autoru za korespodenciju.
2. Apstrakt i klju ne re i
Na drugoj stranici nalazi se strukturisani apstrakt (250-300 re i za

originalne lanke i meta-analize) sa naslovom rada. Kratkim re eni-
cama na srpskom i engleskom jeziku iznosi se Uvod/Cilj rada, osnov-
ne procedure – Metode (izbor ispitanika ili laboratorijskih 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 za
kazuistiku (do 250 re i), sadrži podnaslove Uvod, Prikaz bolesnika i
Zaklju ak). Ispod apstrakta, „Klju ne re i“ sadrže 3–10 klju nih re i
ili kratkih izraza koje ukazuju na sadržinu lanka. 

3. Tekst lanka
Tekst sadrži slede a poglavlja: uvod, metode, rezultate i diskusiju.

Uvod. Posle uvodnih napomena, navesti cilj rada. Ukratko izneti razloge
za studiju ili posmatranje. Navesti samo važne podatke iz literature a ne
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 nadležnog 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
U radu literatura se citira kao superskript, a popisuje rednim brojevi-

ma 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 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 saop-
štenja, neobjavljenih radova, službenih i poverljivih dokumenata. Ra-
dovi 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 pristupa tim podacima.

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. Svaka tabela mora da se pomene u tekstu. Ako se
koriste tu i podaci, obavezno ih navesti kao i svaki drugi podatak iz lite-
rature.

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 broje-
ve. Ukoliko se koriste simboli, strelice, brojevi ili slova za objašnjavanje
pojedinog dela ilustracije, svaki pojedina no treba objasniti u legendi. Za
fotomikrografije navesti metod bojenja i podatak o uve anju.

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
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