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ApyuITBa OCHOBaH 1872. rofmue, y KojeM ce 06jaB/byjy pafjoBI YIaHOBA

CpIicKoT /IeKapCKOT APYINTBA, IPETIIATHIKA YaCOIMCA U 4IaHOBA IPYTUX
ApyLITaBa MEAMIIMHCKIUX ¥ CPOJHUX CTpyKa. Yacomuc objaBibyje: opurnHamHe
pajioBe, CAOIIITE A, IPUKase 60eCHNKA, IIPErTIefie IUTePATyPe, AKTyeTHe TeMe,
PajioBe U3 UCTOpHUje MeULIMHE, PalOBE 32 IIPAKCY, PaJiOBe KOji Ce OJIHOCE Ha je3nK
MeZIMIHe, PajjoBe 13 MeIUIMHCKe eTHKe (KTMHIYKA eTHKA, eTHKA ITyOIMKOBamba,
PerynaTopHyu CTaHAPAM Y MEAUIIVHN), U3BEIITaje C KOHIPpeca I CTPYYHMX CacTa-
Haka, CTpyYHe BeCTH, IIPVKa3se Kibura u gomuce 3a pyopuke Cehame, In memoriam
u Promemoria, Kao ¥ KOMeHTape 1 MICMa YPeTHUIITBY.

CBu pyKOmucy Koju ce pa3Marpajy 3a mraminame y ,CpICcKoM apXuBy 3a Ije-
JIOKYITHO JIEKapCTBO“ He MOTY JIa Ce IIOJHeCy WK fja Oy/ly pasMaTpaHi 3a my6mm-
KOBaIbe Ha IPyTuM MecTuMa. PajioBy He cMejy fa Oy/y MPeTXOJHO WTaMIIAHM Ha
ApyTM MecTMa (HeMMUYHO WIH Y TIOTITYHOCTH).

Ipucnem pyxonuc Ypehusauku on6op 1mabe pelieH3eHTIMA Pajyu CTPyYHe
TpoleHe. YKOMMKO PeLieH3eHTH IPeIoKe U3MeHe UM IONYHe, KOIMja perieHsuje
ce JoCTaB/ba ayTOPy € MOZIGOM JIa yHece TpakeHe M3MeHe Y TeKCT paja Win fia
apryMeHTOBaHO 00PA3/IOXKI CBOje HeC/marame ¢ npumenbama perjensenta. Konauny
OJUTYKY O IPUXBaTakby pajia 3a IITAMITy JOHOCK I/TABHY ¥ OJITOBOPHM yPETHMUK.

3a o6jaB/bene pazjoe ce He ucIUahiyje XoHOpap, a ayTOpCKa IIpaBa ce IpeHoce
Ha 13fjaBava. Pykomcu u mpumosu ce He Bpahajy. 3a perpoayKIjijy 1y HOHOBHO
00jaB/bUBaIbe HEKOT CETMEHTA Pajia Iy OIMKOBAHOT Y ,, CPIICKOM apXUBY  HEOIIXOHA
jé carlacHOCT u3JiaBaya.

PajioBu ce mTaMIIajy Ha €HITIECKOM j€3MKY Ca KPaTKIM CaipXKajeM Ha eHITIECKOM
U CPIICKOM je3MKY, OJJHOCHO Ha CPIICKOM je3UKy, NMpMINIioM, ca KpaTKuM cajp-
KajeM Ha CPIICKOM I eHITIECKOM je3VKY.

AyTopu IPUXBaTajy IOTIYHY OATOBOPHOCT 32 TAYHOCT 1I€/IOKYIIHOT CafipKaja
pyxornuca. Marepujan my6muKaiiuje mpeficTaB/ba MUILI/bEIbe Ay TOPA U HITje HYXKHO
onpas Muiberba Cprickor ekapckor apymTsa. C 0631poM Ha 6ps Halpesak Me-
JMIMHCKe Hay4YHe 06/1acTy, KOPUCHUIM TPebha /la He3aBICHO IIPOLewbYjy MHpOopMa-
IMjy TIpe HETO IITO je KOPMCTe WM Ce Ha Iy 0C/ambajy. CPIICKO TeKapcKo APYIITBO,
ypenuuk mu Ypehusauku og6op ,Cprickor apxmsa 3a Lie/IOKYIIHO 1€KapCTBO“ He
HpUXBaTajy 6110 KaKBY OATOBOPHOCT 3a HABOJE Y PafioBuMa. PekaMHu MaTepujan
Tpeba a byfe y CKIay ¢ eTHIKNM (MeUIMHCKIM) ¥ IIPABHUM CTaHAapAuMa. Pe-
K/IaMHM MaTepujasl yK/bydeH y OBaj YacOIIC He TaPaHTYje KBa/IUTET MU BPETHOCT
OI7IAlIIEHOT POV3BOJIA, OFHOCHO TBPJitbe pou3Bobaya.

IogHeceHy PYKOIIIC IOAPasyMeBa fia je Iber0BO Iy O/IMKOBatbe 0X00PIO OAro-
BOPHM ayTOPUTET YCTAHOBE Y KOjOj je MCTpakuBare 06ap/beno. Vsnasay ce nehe
CMaTpaTy IPaBHO OATOBOPHIUM Y C/Iy4ajy IOAHOIIEHa G110 KaKBOT 3aXTeBa 3a
Kommensaiujy. Tpeba fja ce HaBely CBU M3BOPU (UHAHCHPaba Pajia.

Cpncxm apXNB 3a ETOKYIHO TeKapCTBO je yacomuc CPIICKOT TeKapCcKOr

founded in 1872, which publishes articles by the members of the Serbian Medi-

cal Society, subscribers, as well as members of other associations of medical
and related fields. The Journal publishes: original articles, communications, case
reports, review articles, current topics, articles of history of medicine, articles for
practitioners, articles related to the language of medicine, articles on medical ethics
(clinical ethics, publication ethics, regulatory standards in medicine), congress and
scientific meeting reports, professional news, book reviews, texts for “In memory
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to the Editorial Board.
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SUMMARY

Introduction Increases in market prices of gold over the last 20 years have led to expansion of basic
dental alloys, which, primarily due to their good mechanical properties and acceptable prices, have
found their place in everyday dental practice. However, within the procedure of making dental prosthetic
restorations, the alloys are melted and cast, which leads to changes in their physical, mechanical and
biological properties.

Objective The objective of the study was to test biocompatibility of a Ni-Cr dental alloy (WIRON
99) depending on the number of melting and casting processes.

Methods The working method included the testing of cytotoxicity of the alloy obtained by casting
after one, after four, and after eight successive processes of melting. Cytotoxicity of samples was
tested by means of a 24-hour and a three-day cytotoxicity test, done on L929 fibroblasts.

Results A repeatedly melted and cast alloy shows a reduced biocompatibility and causes specific
responses of the tissues in the surrounding area. Since the cytotoxic effect is more significant in
the extended contact with the culture cells, a three-day cytotoxicity test showed discrete changes
which were the indicator of cell growth inhibition in the cell culture.

Conclusion The obtained results confirm the working hypothesis that repeated alloy melting and
casting will decrease biocompatibility of dental alloys and will lead to specific responses of the
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tissue in the surrounding area.

Keywords: biocompatibility; dental alloys; cytotoxicity

INTRODUCTION

Despite many weaknesses, metals are irreplace-
able constructive materials in everyday dental
practice. Metals are also present in all living
organisms and have significant roles - they
are structural elements, stabilizers of biologi-
cal structures, components of control mecha-
nisms in nerves and muscles, and above all
they are enzyme activators and redox-system
components. The essential metals are those
metals that are necessary for human life, and
without which there is no normal cell function-
ing. Metal cations, with their electrophilicity,
stabilize all electronrich functional groups thus
maintaining the stability of molecules (DNA,
RNA, structural proteins, enzymes, hormones,
receptors), and due to their chemical potency
they are often in the center of activities of cell
processes. Other metals, which are not essen-
tial, can cause an increase in toxic manifesta-
tions even in case their intake is only slightly
higher than that in the natural surroundings. A
cation is a toxicity carrier and a compound or
an element in the given environment will be as
much toxic as the amount of cations chemically
released. A cation reacts with molecules in the
bio-environment, i.e. with certain functional
groups towards which it shows affinity (car-
boxylic, amino, hydroxyl, sulphhydryl, imid-
azole functional group, etc.) [1, 2].

One of the mechanisms for revealing tox-
icity of metals is by explaining their interac-

tion with bioelements. Cations that enter this
interaction are similar enough to a certain
bioelement, with regard to their physical and
chemical properties, and therefore can come
into reaction with a bio-ligand instead of it,
and yet they are different enough to lead to
weakening or ending the function of the cell
process in which they are involved. However,
cations can react even in situations where
metals, i.e. bioelements do not have a specific
role, if the appropriate chemical conditions
have been provided. These reactions are not
usually in function of the cell system and they
cause disorders [3].

Once absorbed, the metal remains in the
organism until being excreted. In contrast to
the majority of organic compounds which are
eliminated from the tissue by means of meta-
bolic degradation, metals are indestructible as
elements and therefore they have the power of
cumulation, which leads to the occurrence of
chronic effects in the organism. Excretion is
the only way of elimination of metals from the
organism. Accumulation in tissues does not
always necessarily result in a toxic effect (e.g.
lead is deposited in bones in an inert form).

Microscopic observations of thus formed
metal materials reveal their microstructural
texture. Microstructure determines mechani-
cal, chemical and other properties of den-
tal materials. Microstructure, which is seen
through the microscope on the polished and
etched surface, is composed of elements. When



Srp Arh Celok Lek. 2016 Nov-Dec;144(11-12):574-579

making castings of precious dental alloys, the aim is to
achieve a fine grained microstructure [4].

Ageing is a universal process. Ageing of materials in
dentistry can be defined as fatigue of materials, hardening,
corrosion, degradation, sorption, and deformation. During
the process of definite formation, constructive elements are
exposed to some changes, either in the laboratory (in vitro)
or in the mouth (in vivo). Those changes can be sponta-
neous or deliberately caused in order to improve physi-
cal and chemical properties or to passivate the surfaces.
Over time, in the mouth, changes in temperature or the
pH value, the effect of mastication and other factors may
result in changes in constructive materials. Understanding
the ageing of materials requires knowledge of the theory
of ageing, which takes place in multi-phase solutions. The
consequence of changes in the constructive material itself
can be dissolution of the material, release of ions or another
way in which the material influences the surrounding tis-
sue, either causing or not causing the reaction [5].

Metal alloys are used in fabrication of numerous fixed
restorations and orthodontic appliances. Each alloy is ac-
companied by the information on its exact composition pro-
vided by the manufacturer. In everyday dental practice, it is
usual that, due to economic reasons, a previously recast alloy
is not thrown away, but 50% of the new (not recast) alloy is
added to it. This can lead to serious changes in microstruc-
ture and consequently to changes of the biological values of
the dental alloy. The matter of the precise chemical compo-
sition of castings obtained in this way still remains unclear.
This generates another, more important issue — what are the
biological properties of castings obtained in this manner?
An important fact is that prosthetic restorations remain in
the patient’s mouth for many years and therefore it is crucial
to examine the biocompatibility of dental alloys.

OBJECTIVE

The aim of this study was to examine biocompatibility
of one commonly used Ni-Cr dental alloy depending on
the number of melting and casting processes. The starting
point in this study was the working hypothesis that repeat-
edly melted and cast alloy changes its chemical composi-
tion, which affects physical and mechanical properties of
the alloy. Modified physical and mechanical properties
have an adverse effect on the surrounding area where the
dental restoration is placed and this further leads to unfa-
vorable reactions and brings into question the biological
quality of such a restoration.

METHODS

A dental alloy used in this research has a wide variety of
applications in dental practice. The experiment included
several in vitro tests.

Test samples of dental Ni-Cr alloy were prepared in the
dental-technical laboratory of the Clinic for Dental Pros-
thetics, Faculty of Dental Medicine in Belgrade. Compo-

sition of the alloy was as follows: Ni - 65%; Cr - 22.5%;
Mo - 9.5%; Nb, Si, Fe, Cr, C. Alloy samples were shaped
as discs, 5 mm in diameter and 1 mm thick, and 10 mm
in diameter and 1 mm thick. All samples were cast in the
induction appliance for dental alloy casting. The number
of alloy samples and controls was six.

The samples of the tested dental alloy were marked as
follows: W1 — the alloy melted once in the induction ap-
pliance and cast in the dental-technical laboratory; W4
- the alloy melted four times in the induction appliance
and cast in the dental-technical laboratory; W8 — the alloy
melted eight times in the induction appliance and cast in
the dental-technical laboratory.

For the cell culture, a complete culture medium was
used, which contained RPMI 1640 medium (Sigma-Al-
drich, Hamburg, Germany), 10% fetal veal serum (Ga-
lenika a.d., Belgrade, Serbia), 2 mM glutamine (Sigma-
Aldrich), 100 IU/ml penicillin (Galenika a.d.) and 0.5%
streptomycin (Galenika a.d.). Fibroblast cells (NCTC,
clone 1929) originating from the adipose mouse tissue
were used. The cells were obtained from Hammersmith
Hospital (London, U.K., Department of Immunology).

As a negative control, a material that does not cause a
cytotoxic reaction was used — glass slides for histological
preparations, cut with a diamond needle, 5 mm in diam-
eter and 1 mm thick.

As a positive control, a preparation confirmed to lead
to cytotoxic changes was applied - a sterile water solution
of phenol in 4% concentration, which was applied on a
sterile filter of 5 mm in diameter.

As another negative control in the experiment, a culture
of fibroblast cells was used without any test material.

Cytotoxicity tests were done in a standard way, and
thereafter the qualitative and quantitative test results were
interpreted after a 24-hour and a three-day cytotoxicity test.

Qualitative test for estimation of cytotoxicity

A cytotoxic effect was estimated on the basis of morpho-
logical characteristics of cell cultures, using the ISO 10993-
5:1992 qualitative test [6]. Degenerative changes, such as
cell vacuolization, cell fragmentation and lysis, detaching
of cells from the base, changes in the cell volume, were an-
alyzed and recorded. Cells around the placed implant were
separately analyzed (sample test). The results were inter-
preted in such a way that the changes in normal morpho-
logical characteristics of cells were numerically expressed
with the following index of changes: 0 - no changes; 1 -
mild changes; 2 - moderate changes; 3 - serious changes.

Quantitative test for estimation of cytotoxicity

The percentage of necrotic cells in the culture (percentage
of cytotoxicity) was used to define the cytotoxicity ISO
7405:1997 [7]. Corresponding indexes were calculated by
means of numerical indicators and on the basis of this
calculation the results were interpreted as follows: index
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0 - no cytotoxic effect; index 1 — mild cytotoxicity; index
2 and 3 - moderate cytotoxicity; index 4 and 5 - serious
cytotoxicity.

RESULTS

Effect of dental alloy samples on the fibroblast
L929 cell culture in a 24-hour test

The first aim of the in vitro testing was to check a possible
cytotoxic effect of dental alloys on the fibroblast cell line
(L929) in the culture. The experiments were done observ-
ing corresponding ISO standards for testing cytotoxicity.

Results of the qualitative test

The results showed that none of the tested samples of the
dental alloy, either once or multiple times cast, demon-
strated a detectable cytotoxic effect. The index of changes
in the cell cultures in the presence of dental alloys and neg-
ative controls (glass or the culture of L929 cells which was
cultivated only in presence of the medium) was marked
as 0. As it was expected, a positive control (a filter paper
sample soaked in phenol) exhibited the full cytotoxicity
(cytotoxicity index 3).

Results of testing negative control cultures showed a
normal morphology of L929 cells, which in a confluent
stage of growth exhibited a typical mosaic or cobble pat-
tern. The cells were in close contact with each other, of-
ten having a polygonal form or, less frequently, a slightly
longitudinal racket-like form. Around the control glass
sample (Figure 1), no detectable changes were seen in the
morphology of cells in comparison with the cells which
were not in immediate contact with the sample.

Figure 2 displays a typical appearance of positive control
cultures, which exhibited a maximum cytotoxic effect. The
cells within the whole basin area of the cultivation plate
demonstrated an altered appearance, such as reduced vol-
ume, detachment from the base, fragmentation of cells or
their nuclei, and presence of distinct degenerative changes.

In all cultures with dental alloys, either in immediate
contact or in zones away from the placed samples, no
changes which could differ from the negative controls
were noticed.

Results of the quantitative test

Since in cell cultures growing confluently a certain num-
ber of cells die spontaneously and nonviable cells can be
present, it was necessary for the results of the qualitative
analysis to be confirmed by quantitative tests. The results
shown in Table 1 indicate that the percentage of nonviable
(necrotic) cells in the cultures with dental alloys was very
low and ranged within 2.5 £ 0.5% (sample W1). These val-
ues were not statistically significantly different from those
of the negative control (the cells in the medium: 2 + 0.6%;
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Figure 1. Appearance of L929 cells cultivated for 24 hours in the pres-
ence of the control sample (glass); normal morphology of the cells
can be noticed (x640)

h_A

Figure 2. Appearance of L929 cells cultivated for 24 hours in the pres-
ence of the positive control; remarkable cytotoxicity is noticed; the
index of changes is marked as 3 (x640)

Table 1. Effect of dental alloys on fibroblast L929 cells in the 24-hour
culture (quantitative test)

Type of sample Percentage of necrotic cells + SD
Negative control (medium) 2.0+0.6

Negative control (glass) 27+0.5

Positive control 100+ 0

W1 25+0.5

W4 3+09

W8 33+09

Degree of cytotoxicity (cell necrosis) was determined on the basis
of 1ISO-7405:1997.

control glass sample: 2.7 £ 0.5%). As expected, cytotoxicity
in the cultures of the positive control was 100% (all cells
were necrotic).

Effect of dental alloy samples on L929 cell culture
in the three-day test

Since cytotoxic effect of dental alloys is more expressed in
extended contact with the tested cells, in the experiments
which followed we modified the previous two tests by plac-
ing the samples of dental alloys on semi-confluent layers
of fibroblast 1929, after which the cultivation of cells was
performed for three days.
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Figure 3. Appearance of L929 cells cultivated for three days in the
presence of the Wiron 99 alloy (W4); normal cell morphology is
noticed, including a confluent growth as well (x640)
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Figure 4. Appearance of L929 cells cultivated for three days in the
presence of the Wiron 99 alloy; cell morphology is noticed as normal,
but in certain smaller zones next to the explant the cells are of an
elongated, racket-like and fibroblastoid form (x640)

Table 2. Effect of dental alloys on fibroblast L929 cells in the three-day
culture (quantitative test)

Type of sample Percentage of necrotic cells + SD
Negative control (medium) 1.8+1.0
Negative control (glass) 82+23
Positive control 100+0
W1 83+26
W4 95%+1.6
w8 10+1.7

Degree of cytotoxicity (cell necrosis) was determined by means of trypan blue dye

Results of the qualitative test

In the negative control (glass) cultures, no morphologi-
cal changes in L929 cells were noticed, either along the
edge of the preparation or along the whole basin surface
of the cultivation plate. The appearance of the cells was
very similar to the control cultures (medium control). The
cell morphology was similar to that of cells in the negative
control of 24-hour cultures (Figures 1 and 2), except for
periodically present oval-shaped cells which were lean-
ing on the adherent cells. This finding was typical for the
long-therm tests. Only individual cells in these cultures
exhibited degenerative changes in a sense of cytoplasmic
vacuolization or volume reduction.

The cultures of Wiron 99 (BEGO GmbH & Co. KG,
Bremen, Germany) (W1, W4, W8) exhibited changes
which were either discrete (mildly inhibited growth
around the alloy samples) or they did not differ from the
negative controls (Figures 3 and 4). However, the index of
changes for all cultures with dental alloys and for negative
controls was marked 0.

Results of the quantitative test

The quantitative test results are given in Table 2. The per-
centage of necrotic cells (8.2 + 2.3%) was significantly
higher in the control sample (glass) than in the control
without a sample (medium control), where the basal cyto-
toxicity was 1.8 + 1.0%. In the cultures with the Wiron 99
samples, no statistically significant changes in percentage
of necrotic cells were noticed in comparison to the control
(glass). Although the percentage of necrotic cells in the
cultures with multiple recasting (W4 and W8) was slightly
higher than the one relating to once-cast alloy samples
(W1), the differences among them were not statistically
significant.

DISCUSSION

The oral cavity is a complex and dynamic environment
where constructive dental materials should endure pro-
longed contact with the saliva (electrolyte), extended pres-
sure of chewing, and contact with various chemical agents
originating from food. Normally, every material in such
conditions has to undergo some changes in its chemical
composition and structure.

During fabrication, dental alloys are thermally treated
and enriched with various elements that improve their
mechanical properties but also significantly influence the
reduction in biocompatibility. As indicators of biocompat-
ibility, the responses of the surrounding tissues (cell viabil-
ity, changes in cell morphology, changes in cell metabolic
activities, etc.) were observed. The cytotoxicity tests which
were performed in this study are very reliable [8-11].

In this research, the cytotoxicity of a Ni-Cr dental alloy
was tested. Reference data indicate the disagreement in
attitudes among different authors concerning the issue of
possible repeated casting of these alloys [12-17]. Know-
ing the procedure of fabrication of dental restorations, the
question which arises is whether the use of previous cast-
ing residues is harmful. In practice, up to 50% of an alloy
which has not been recast is added to such residues and
this mixture is used again in fabrication of dental restora-
tions. It is obvious how important it is to find out whether
recasting of the alloy will change its biocompatibility [18-
23]. In this research, cytotoxicity was observed after the
first, fourth, and eighth recasting of the alloy.

Degradation of the material is the main limiting factor
in selection and use of a certain dental alloy and it directly
influences the biocompatibility of the alloy. Corrosion is
the most common cause of degradation of dental alloys.
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One of the signs of corrosion can be discoloration if the
outer layer of oxide, sulphide, or chloride is porous.

Many published studies describe the microstructure
and properties of precious and basal alloys in their cast
form and after a thermal treatment [24-28]. By artifi-
cial ageing, i.e. exposing the constructive dental alloys
to alternate influences of high and low temperatures and
pressures, the conditions close to clinical conditions in the
mouth can be created. In this way, changes being the con-
sequence of an ageing process are noticed faster than it is
possible in the clinical conditions. A multiple remelted and
recast alloy used in fabrication of fixed dental restorations
and metal skeletons for partial prosthesis has accelerated
ageing of the alloy as a consequence. Alterations which oc-
cur due to burning of micro constituents (deoxidants) and
binding of some elements affect the alloy microstructure
and are responsible for changes in mechanical and other
properties of the alloy. Modified physical and mechanical
properties of the alloy have an adverse effect on the en-
vironment where the dental restoration has been placed,
which can cause unfavorable reactions that may affect the
response of the surrounding tissue.

Results of this research concerning specific responses
of the surrounding tissue, reference data, and known phe-
nomena which are difficult to be controlled (metabolic
products of bacteria, enzymes, water, dissolvents of either
endogenic or exogenic origin on the one hand, and wear-
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EdekaT npeTtanara Ha 6uonoluka cesojctea Ni-Cr geHTanHe nerype

AnekcaHgpa Yauposuh', BecHa MakcumoBuh?, Kataputa Pagosuh', CnoboaaH Hypuiumh'

'YHuep3utet y beorpagy, Cromatonoluky dakynTeT, KnuHyka 3a cTomatonoLky npotetuky, beorpag, Cpbuja;
*YHusep3uTeT y beorpapy, MIHCTUTYT 3a HykneapHe Hayke ,BuHua’, beorpag, Cpbuja

KPATAK CAAP>KA)J

YBop lMopacT LeHe 31aTa Ha CBETCKOM TPXULUTY Y MOCeAHUX
20 rofMHa AOBEO je o eKcnaH3mnje 6a3HNX AeHTanHUX nery-
pa, Koje cy npe cBera 360r 4O6PUX MEXAHUYKUX CBOjCTaBa 1
NPUCTYNaYHNX LieHa Halue NpYMeHy Y CBaKOJHEBHOj CTOMa-
TOJIOLLKOj NpaKcy. Y npouenypy n3page NpoTeTcKUX pajoBa
nerype ce Tone v 13n1Bajy, LUTO JOBOAW A0 MPOMEHa HUXOBIX
GU3NYKO-MEXaHNYKIX 1 BUONOLLKKX CBOjCTaBa.

Lwm paga Lvb papa 6o je ncnutrearbe 6uokomnatnomui-
HocTu jepHe Ni-Cr nerype (WIRON 99) y 3aBucHoCTM of 6poja
TOM/berba U NInBetba.

Metope papa Y papy je ucnmtrBaHa LMTOTOKCMYHOCT nerype
nobujeHe n3nMBakbeM Nocse jeAHOr Toryberba, Nocie YeTupu
1 Mocsie 0cam y3acToMHUX Tomberba. LIToToKcnuHoCT y3opa-
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Self-perception and satisfaction with dental
appearance and aesthetics with respect to patients’
age, gender, and level of education
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SUMMARY

Introduction Patient’s subjective evaluation of dental appearance and aesthetics is becoming an increas-
ingly important factor in aesthetic treatments and prosthetic therapy.

Objective The aim of this study was to investigate the influence of age, education level, gender, and
different dental status and the appearance of the upper anterior teeth (color, size, shape, position and
alignment of the anterior teeth) on the satisfaction of the respondents with dental appearance and
aesthetics of their upper anterior teeth and their desire for improvement.

Methods The study encompassed 480 people aged 20 to 50 years with an average age of 30.84 years.
There were 236 male and 244 female subjects. The respondents were interviewed using a questionnaire
specially designed for the purpose of this research. For the study, the subjects were divided into the
following three age groups: the younger age group (20-30 years of age), the middle age group (31-40
years of age), and the older age group (41-50 years of age).

Results The conducted study did not reveal statistical significance with respect to gender in any of the
examined parameters (p > 0.05). A little more than one half of the respondents in each age group were
satisfied with their dental appearance and aesthetics (60.3% of the respondents in the age group of 20-30
years, 55.7% in the age group of 31-40, and 53.7% in the age group of 41-50 years of age). Satisfaction
with dental appearance and aesthetics increases linearly with the increase in the level of education and
was the highest among the respondents with university degree (33.3%).

Conclusion Female respondents were more dissatisfied with their dental appearance and aesthetics
as compared with male respondents, but the difference was found to be non-significant. Patients with
higher education level were more satisfied with their dental appearance and aesthetics than those with
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INTRODUCTION

The ultimate objective of aesthetics in dentistry
is the creation of a beautiful smile with teeth of
pleasing proportions and pleasant mutual rela-
tions of teeth in harmony with the gingiva and
the patient’s face. The difference between the
subjective (patient) and objective (dental) as-
sessment of aesthetic appearance of the teeth
and the degree of satisfaction represents a very
important aspect of aesthetic dental medicine
[1]. In everyday practice, it is of utmost impor-
tance for the dentist to obtain confirmatory in-
formation from patients in order to avoid fail-
ures of aesthetic treatments [2]. The appearance
of the teeth can play a key role in developing
the first impression about another person [3].
It was established that the judgment of some
personal characteristics of other people is af-
fected by dental appearance [4, 5]. Physical ap-
pearance plays a key role in social interaction
and smile and teeth have an important func-
tion in determining the level of attractiveness
of the face. Among other things, the mouth is
considered extremely important in social inter-
action. Tooth color influences social perception.
The results can be explained by negative beliefs

about tooth decay as well as their relationship
with poor oral hygiene [6]. Tooth color is the
main factor associated with the satisfaction
with the aesthetics of teeth. Most patients are
interested in teeth whitening to improve their
looks [7]. Prior to performing aesthetic treat-
ment for tooth color, the dentist must ascertain
and plan treatment to meet the expectations of
the patient [8]. The use of questionnaires and
written documents for ascertaining patients’
expectations has been proposed. These forms
should enquire about the aspect of aesthetic
treatment that is important to the patient, e.g.
the color, shape, alignment of the teeth, etc. [9].
Some studies indicated the correlation between
dental appearance and quality of life and general
health [10]. Aging is not necessarily associated
with negative self-perception of dental appear-
ance or tooth color. Greater dissatisfaction with
dental appearance or color in younger ages may
suggest that perceived appearance is linked to
cognitive factors other than social and cultural
ones [11]. The interest in dental aesthetics has
increased highly over the past few decades, in
both patients and dentists, and natural-looking
teeth have become an important task in dentist-
ry, especially in prosthodontics and restorative
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dentistry. In females, psychological elements are the main
predictors that influence subjecting to dental treatments.
Understanding the prevalence of dissatisfaction with cur-
rent dental appearance and desire for treatment to improve
the aesthetics can be a guide for an intervention strategy
to improve the aesthetics [12]. Dental appearance satisfac-
tion is important among young adults because judgment
concerning the personal characteristics of individuals is in-
fluenced by their dental appearance in the absence of other
information. It has been reported that individuals with less
dental disease are judged to be more socially competent,
show greater intellectual achievement and have better psy-
chologic adjustment [4]. This is further supported by the fact
that adults with visible dental problems are reluctant to seek
employment because of their looks or damaged speech [3].
The knowledge and understanding of a patient’s perception
of dental appearance is an important aspect of patient man-
agement that can help dentists in the planning of treatment
that is acceptable to the patient and achieving the highest
level of patient satisfaction [13].

OBJECTIVE

The aim of this study was to investigate the influence of
age, education level, gender, and different dental status
and the appearance of the upper anterior teeth (color, size,
shape, the position and alignment of the front teeth) to the
satisfaction of the respondents with their dental appear-
ance and aesthetics of the upper anterior teeth and their
desire for improvement.

METHODS

The study included 480 people aged 20 to 50 years. Re-
spondents were interviewed in an urban area - city of Novi
Sad, Serbia. There were 236 male and 244 female subjects.
Criteria for the selection of the sample were as follows: age
(the period after completion of growth and development),
eugnathic skeletal jaw relationship, harmony in the area
of the face and jaw, the presence of all six anterior upper
teeth, lack of temporary prosthetic restorations on ante-
rior teeth, the absence of large abrasion on anterior teeth,
the absence of diastema, the absence of fixed orthodontic
appliances, unbleached teeth, non-wearing of splint for
craniomandibular disorders. The respondents were inter-
viewed using a questionnaire (Table 1) specially made for
the purpose of this research. The questionnaire was divid-
ed into social part (name, gender, age, level of education,
place of birth, and place of residence) and the part related
to the satisfaction with dental appearance and aesthetics
containing 15 questions related to the satisfaction with
the color, shape, size, position and alignment of the teeth,
presence of dentures, conservative restoration, orthodontic
appliances, desire for a change of dental aesthetics, desire
for correction of teeth alignment, and desire for artificial
crown. For the study, the subjects were divided into the
following three age groups: younger age group (20-30

years of age), middle age group (31-40 years of age), and
older age group (41-50 years of age). The Ethics Com-
mittee of the Clinic for Dentistry of Vojvodina approved
the implementation of this research. Before interviewing,
each participant received information for respondents
and signed a written consent. Statistical analysis was per-
formed using statistical analysis software SPSS 22.0 (IBM
Corp., Armonk, NY, USA). Statistical methods included
ANOVA, LSD, and t-test.

RESULTS

Descriptive statistics of demographic variables are shown
in Table 2. Of the total of 480 respondents, 50.8% were
women and 49.2% men; 60.8% of the respondents be-
longed to the 20-30 years age group, whereas 22.1% and
17.1% of the respondents were from the 31-40 and 41-50
years age groups, respectively. In regard to the level of edu-
cation, 1% of the respondents were persons with primary
school degree, 31.7% of the respondents had a secondary
education degree, 26.3% were university students, 35.2%

Table 1. Questionnaire pertaining to self-perception and satisfaction
with dental appearance and aesthetics

Name and surname:

Age:

Gender: M F
Place of birth:

Place of residence:

Level of
education:

Remark: the questionnaire refers to the upper anterior teeth
1. Are you satisfied with the color of your

primary
school

secondary

student | university | master
school

natural teeth if you have not bleached YES NO
them?
2. Do you want whiter natural teeth? YES NO
3. Alje you satisfied with the teeth position and YES NO
alignment?

4. Are you wearing an orthodontic appliance

for correcting the position of teeth? VES NO

5. Do you have a desire to correct the position YES NO
of your teeth?

6. Are you satisfied with the shape of your YES NO
natural teeth?

7. Are you satisfied with the size of your YES NO
natural teeth?

8. Do you have the desire to change the size of YES NO

your natural teeth?

9. Do you have a completely healthy upper
anterior teeth without the presence of YES NO
fillings or artificial dental crowns?

10. Do you have fillings in the front anterior

teeth? VES NO

11.Do you have an artificial crown on the YES NO
anterior upper teeth?

12. Do you have a desire for artificial dental YES NO
restorations?

13. Are you satisfied with the appearance and YES NO
aesthetics of your teeth?

14. Do you have a desire for aesthetic dental YES NO
treatment?

15. Are you .SatISerd with the aesthetics of YES NO
your smile?
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Table 2. Distribution of the respondents according to age, gender,
and level of education

Sample Number of Percentage of
P participants participants (%)
Total 480 100
women 244 50.8
Gender
men 236 49.2
primary school 5 1
secondary school 152 31.7
Levelof o dent 126 26.3
education
university 169 35.2
master 28 58
20-30 292 60.8
Age group | 31-40 106 221
41-50 82 171

of the respondents had a university degree, and 5.8% were
respondents with a master’s degree.

The frequency of each test parameter and crosstabu-
lations by sex is shown in Table 3. Crosstabulations re-
lated to gender show very uniform distribution among
both sexes. The desire for teeth alignment was higher in
women (57.3%) than in men (42.7%) as well as the desire
for aesthetic dental treatment, which is also higher among
women (54.8%) than in men (45.2%); however, the differ-
ences between the sexes were not statistically significant
- p > 0.05 (Table 3).

Table 4 shows the frequency of each test parameter and
crosstabulations with age. Satisfaction with tooth color was
expressed by 51.7% of the respondents from the 20-30 age
group, 51.9% from the 31-40 age group, and 50% from
the 41-50 age group. The desire for whiter teeth was ex-
pressed by 48.3% of the respondents from the 20-30 age
group, 48.1% from the age group 31-40, and 50% from the
41-50 age group. Satisfaction with dental appearance and
aesthetics was recorded in 60.3% of the respondents from
the 20-30 age group, 55.7% from the 31-40 age group,
and 53.7% from 41-50 age group. Satisfaction with teeth
position and alignment was expressed by 65.1% of the re-
spondents from the 20-30 age group, 65.1% from the age
group 31-40, and 72.2% from the 41-50 age group. High
percentage of satisfaction with the shape of natural teeth
was observed in all groups, with 84.6% in the 20-30 age
group, 83% in the age group 31-40, and 85.4% in the 41-
50 age group. High rate of satisfaction with size of natural
teeth was observed in respondents from all the groups,
being 86.6% in the 20-30 age group, 84% in the age group
31-40, and 92.7% in the 41-50 age group. High percentage
of ‘no’ as an answer to the question on the desire to change
the size of natural anterior teeth was recorded in all the
groups, being 86.6%, 84%, and 92.7% in the 20-30, 31-40,
and 41-50 age groups, respectively. The presence of artifi-
cial crowns on the anterior teeth linearly increases with the
age of respondents. In the age group of 20-30, the percent-

Table 3. Results of frequency, crosstabulation, and significance of differences between the sexes

i t-test
Dependent variable Sex Frequency andocrosstabulatlon :
(%) X Mean difference SE p
Yes 50.6
F 1.49
i . . No 51.5
1. Satisfaction with the color of teeth 0.005 0.46 0.919
Yes 49.4
M 1.48
No 48.9
Yes 51.1
F 1.51
. . No 50.6
2. Desire for whiter teeth -0.005 0.46 0.919
Yes 48.9
M 1.52
No 49.4
Yes 49.7
‘ hih F N 531 1.35
i ion wi ition an o .
3, Satisfaction with the position and 0.030 043 | 0482
alignment of teeth Yes 50.3
M 1.32
No 46.9
Yes 55.2
F 1.63
. . No 48.6
4. Previous orthodontic tretment -0.060 0.43 0.169
Yes 44.8
M 1.69
No 514
Yes 57.3
F 1.73
. . No 48.8
5. Desire for teeth alignment -0.063 0.39 0.110
Yes 42.7
M 1.79
No 51.2
Yes 51.8
F 1.45
. No 49.8
6. Intact natural upper anterior teeth -0.020 0.46 0.667
Yes 48.2
M 1.47
No 50.2
Yes 523
ffill h F N 49.8 58
Presen illin n r anterior o .
, Presenceo gs on the upper anteriol 0,024 045 0597
teeth Yes 47.7
M 1.60
No 50.2
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r Yes 48.7 184
ifici N 1.2 )
8. Prese_nce of artificial crowns on the upper o ) 0,014 034 0684
anterior teeth M Yes 513 183
No 48.8 ’
Desire for artificial h F Le; g?‘? 175
o Desire for artificial crown on the upper . 0.008 0.40 0.832
anterior teeth M Yes 50.0 174
No 48.9 )
Satisfaction with dental d F Le; :Z; 144
10, Satisfaction with dental appearance an . 0.40 045 0373
aesthetics M Yes 50.9 1.40
No 46.8 )
i
11. Desire for aesthetic dental treatment : -0.76 0.46 0.097
M Yes 45.2 156
No 52.8 ’
F Le; :z'g 117
12. Satisfaction with the shape of the teeth Yes 50'1 0.32 0.33 0.331
M No 44.0 114
A ———
13. Satisfaction with the size of teeth Yes 49‘5 0.12 0.31 0.687
M No 46.8 112
i ———
14. Desire to change the size of teeth - -0.12 0.31 0.687
M Yes 46.8 188
No 49.5 )
F Lecf ‘5‘?'; 1.67
15. Satisfaction with the aesthetics of smile Yes 50'9 0.24 043 0.581
M : 1.64
No 48.3
X - mean; SE - standard error; p - value
Table 4. Results of frequency, crosstabulation, ANOVA test, and LSD test in relation to the age group
. ANOVA test LSD test
. Frequency and Crosstabulation . .
Dependent variable between groups multiple comparation
(I) Age group Yes (%) No (%) F Sig. (J) Age group Sig.
31-40 0.976
20-30 51.7 48.3
41-50 0.785
. . . 20-30 0.976
1. Satisfaction with the colour of teeth 31-40 51.9 51.5 48.1 48.5 0.042 0.959
41-50 0.798
20-30 0.785
41-50 50.0 50.0
31-40 0.798
31-40 0.976
20-30 483 51.7
41-50 0.785
i . 20-30 0.976
2. Desire for whiter teeth 31-40 48.1 48.5 51.9 51.5 0.042 0.959
41-50 0.798
20-30 0.785
41-50 50.0 50.0
31-40 0.798
31-40 0.996
20-30 65.1 349
41-50 0.246
i i i iti 20-30 0.996
3. Satisfaction with the position and 31-40 651 | 662 | 349 | 338 | 0716 | 0489
alignment of teeth 41-50 0.325
20-30 0.246
41-50 72.0 28.0
31-40 0.325
31-40 0.815
20-30 34.6 654
41-50 0.370
. . 20-30 0.815
4. Previous orthodontic tretment 31-40 35.8 34.0 64.2 66.0 0.510 0.601
41-50 0.346
20-30 0.370
41-50 29.3 70.7
31-40 0.346
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20-30 274 726 il :;‘8 g_ })3325*
5. Desire for teeth alignment 31-40 22.6 244 774 75.6 2434 0.089 421(1):28 8;;2
- -
aso | 19 41 a0 | oams
20-30 56.8 43.2 21 ::8 81 23
6. Intact natural upper anterior teeth 31-40 49.1 53.5 50.9 46.5 1.661 0.191 ‘2‘(1):28 g;gz
20— 137
41-50 476 52.4 3?_4318 8.828
20-30 38.0 62.0 i} Zﬁg 8ISZ§
7. :;i-‘;gcret :th:"“”gs on the upper 31-40 434 | 410 | 566 | 590 | 1691 | 0.185 421(1):38 g:izg
41-50 488 51.2 §?ﬁf{8 g:ggg
- Pm
2030 | 99 s0; 1500000
8. z;‘iﬁ:}cref %fniQI‘T;LiLCVOW”S on the 31-40 208 | 162 | 792 | 838 | 14161 | 0.000 j?:ig %%gj
- Pre
41-50 329 67.1 §?_ig 06?822*
030 | 26 774 e
9. Bs;i;'f ;(;ft:rrltc')fr'iitchf own on the 31-40 292 | 254 | 708 | 746 | 1576 | 0208 i?:ig g:;zz
41-50 30.5 69.5 ;?jg g::;é
2030 | 603 597 N Y
10. :;gg:gge‘ ‘;Vr:t:adei?rt]aeltics 31-40 557 | 581 | 443 | 419 | 0743 | 0476 421(1):28 g:j;;
41-50 53.7 463 ﬁ?ﬁf{g g:iii
20-30 455 54,5 43;1 :‘5‘8 g?;g
n. tDr:;'t'; (f;:taeSte“C dental 31-40 472 | 475 | 528 | 525 | 1119 | 0328 j?:ig 8;2
41-50 54.9 45.1 §?L3£ 813
2030 | 549 45.1 30 T oses
12. tSg:itshfaction with the shape of 31-40 83.0 84.4 17.0 15.6 0.109 0.897 ‘21(1):28 g;g?
as0 | asa 145 140 | os
20-30 86.6 134 4311 ::8 8‘1“5;;
13. Satisfaction with the size of teeth 31-40 84.0 87.1 16.0 129 1.628 0.197 421(1):28 ggs;
41-50 92.7 7.3 ﬁ?ﬁig 8::;2
20-30 134 86.6 43;1 :;‘8 gﬁ;
14. Desire to change the size of teeth 31-40 16.0 12.9 84.0 87.1 1.628 0.197 421?:-:8 833;
41-50 73 92.7 i?f{g g:;g
31-40 0347
20-30 353 64.7 41-50 0.826
15. Srantiilsefacti"” with the aesthetics of 31-40 302 | 344 | 698 | 656 | 0551 | 0577 421?:38 gégz
41-50 36.6 63.4 ;?jg gﬁg?

| - age group samples; J - age group samples; Sig. - significance; F - value; LSD test - Fisher’s least significant difference
*p < 0.05;** p < 0.01; ** p < 0.001;
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age was 9.9%, in the 31-40 age group it was 20.8%, and in
the 41-50 age group it reached 32.9%, and the differences
between the age groups are statistically significant at the
level of p < 0.05 (Table 4). The desire for artificial crowns
also linearly increases with the age of respondents, rang-
ing from 22.6% in the 20-30 age group, to 29.2% in the
31-40 age group, to 30.5% in the 41-50 age group, but the
differences between the age groups were not statistically
significant — p > 0.05 (Table 4). Desire for teeth alignment
linearly decreases with the age of respondents from 27.4%
(age group 20-30), to 22.6% (age group 31-40) to 15.9%
(age group 31-40). The difference between the age groups
20-30 and 41-50 was statistically significant at the signifi-
cance level p<0.05 (Table 4). Satisfaction with aesthetics
of the smile was reported by 35.3% of respondents from
the age group 20-30, 30.2% of respondents from the age
group 31-40 and 36.6% of respondents from the age group

41-50. The desire for aesthetic dental treatment was re-
corded in 45.5% patients from the age group 21-30, 47.2%
from the age group 31-40, and 54.9% from the age group
41-50. The presence of fillings linearly increases with age,
being 38% in the age group 20-30, 43.4% in the age group
31-40, and 48.8% in the age group 41-50. Intact teeth lin-
early decrease with the age of respondents, dropping from
56.8% (age group 20-30) to 49.1% (age group 31-40) and
47.6% (age group 41-50); however, the differences were
not statistically significant — p > 0.05 (Table 4).
Satisfaction with dental appearance and aesthetics, sat-
isfaction with teeth position and alignment, satisfaction
with the shape of natural tooth, satisfaction with the size of
natural teeth, satisfaction with aesthetics of a smile (Table
5) have a substantially linear rule of increasing satisfac-
tion with the increase the level of education of responders.
With respect to the level of education (Table 5), respon-

Table 5. Results of frequency, crosstabulation, ANOVA test, and LSD test in relation to the education level

_ ANOVA test LSD test
Frequency and crosstabulation | between groups . .
Dependent variable multiple comparation
Education Yes No E Sig. Primary Secondary | Student University Master
level (%) (%) Sig.
primary 0.4 1.7 0.229 0.111 0.174 0.094
) . ) secondary 29.1 343 0.136 0.529 0.195
K f‘;é'scfg’lcotgc‘)}"’t:zth student | 287 | 236 | 1297 | 0270 0354 0.676
university 34.8 35.6 0.336
master 6.9 4.7
primary 1.7 0.4 0.229 0.111 0.174 0.094
) ) secondary 343 29.1 0.136 0.529 0.195
2 'tjeeest';e for whiter student | 23.6 | 287 | 1297 | 0270 0.354 0676
university 35.6 34.8 0.336
master 4.7 6.9
primary 0.3 2.5 0.051 0.043* 0.015* 0.016*
3. Satisfaction with secondary 29.6 358 0.771 0.050 0.174
the position and student 25.2 284 | 2567 0.037* 0.117 0.242
alignmentofteeth | yniversity | 384 | 290 0.770
master 6.6 43
primary 1.8 0.6 0.131 0.447 0.190 0.224
4. Conducted secondary 25.8 34.7 0.005** 0.412 0.642
orthodontic student 337 224 2.487 0.043* 0.035* 0.243
tretment university | 33.1 | 363 0.984
master 5.5 6.9
primary 2.6 0.6 0.110 0.098 0.034* 0.018*
) secondary 37.6 29.8 0.820 0.036* 0.038*
> Z?;Lrﬁ;onrtteeth student | 299 | 251 | 2916 | 0.021% 0.079 0.056
university 274 37.7 0.345
master 2.6 6.9
primary 0.8 1.3 0.767 0318 0.557 0.574
6. Intact natural secondary | 276 | 363 0.008* 0.240 0503
upper anterior student 30.7 21.1 1.878 0.113 0.107 0.380
teeth university | 350 | 354 0.380
master 5.8 5.8
primary 1.5 0.7 0.610 0.158 0.464 0.305
7. Presence of fillings secondary 376 27.6 0.001** 0.369 0.196
on the upper student 18.3 31.8 | 3.401 0.009** 0.008** 0.484
anterior teeth university 376 | 336 0.417
master 5.1 6.4
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primary 1.3 1.0 0.772 0.771 0.949 0.606
8. Pfés?hce of secondary 29.5 321 0.991 0.358 0.562
fﬁgfif")?)';rg‘r:’tgsng? student 244 | 266 | 0458 | 0767 0377 0573
teeth university 41.0 341 0.277
master 3.8 6.2
primary 3.3 0.3 0.014* 0.002** 0.005** 0.001**
9. Desire for artificial secondary 393 29.1 0.024 0.163 0.019*
crown on the upper student 20.5 28.2 | 4.145 0.003** 0.323 0.310
anterior teeth university | 344 | 355 0.108
master 25 7.0
primary 0.4 2.0 0.109 0.049* 0.118 0.046*
10. Sa.tisfaction secondary 30.5 333 0.159 0.871 0.239
;Vr')g‘e‘;fa”rfg'e and student | 29.0 | 224 | 1760 | 0.136 0.111 0.729
aesthetics university 333 37.8 0.202
master 6.8 4.5
primary 1.8 0.4 0.176 0.071 0.217 0.125
) ) secondary 329 30.6 0.082 0.624 0.527
" 353;2: i?é:tﬁf;'tc student 215 | 306 | 1943 | 0.102 0.025* 0.703
university 38.6 321 0.365
master 53 6.3
primary 0.2 53 0.000%** 0.000%** 0.000%** 0.000%**
secondary 30.1 40.0 0.206 0.048* 0.220
12 fﬁ:iﬁ‘;ﬁfgf":'et:th student | 267 | 240 | 5215 | 0.000%% 0.560 0.633
university 36.8 26.7 0.878
master 6.2 4.0
primary 0.2 6.5 0.000%** 0.000*** 0.000%** 0.000***
secondary 28.9 50.0 0.018* 0.000%** 0.048*
13. fﬁ:gg;té?rt‘e‘g&h student | 268 | 226 | 9318 | 0.000%** 0.229 0.559
university 37.8 17.7 0.924
master 6.2 3.2
primary 6.5 0.2 0.000%** 0.000*** 0.000%** 0.000%**
secondary 50.0 289 0.018* 0.000%** 0.048*
14.Desetochande | qiudent | 226 | 268 | 9318 | 0.000" 0.229 0.559
university 17.7 37.8 0.924
master 3.2 6.2
primary 0.0 1.6 0.160 0.061 0.131 0.044*
15. Satisfaction with secondary 27.9 337 0.074 0.667 0.098
the aesthetics of student 30.9 23.8 1.985 0.096 0.155 0.548
smile university | 333 | 362 0.151
master 79 4.8

Sig. - significance; F - value; LSD test — Fisher’s least significant difference
*p < 0.05;* p < 0.01; *** p < 0.001

dents with university degree reported greatest satisfac-
tion with their dental appearance and aesthetics (33.3%),
satisfaction with teeth position and alignment (38.4%),
satisfaction with the shape of natural teeth (36.8%), sat-
isfaction with the size of natural teeth (37.8%), satisfac-
tion with the aesthetics of smile (33.3%), and satisfaction
with tooth color (34.8%). The intact anterior teeth also
showed significant increasing pattern with the increase
in the level of education (Table 5), with the highest per-
centage in respondents with a university degree (35%).
University students (Table 5) had the lowest percentage of
fillings on anterior teeth (18.3%). As compared with other
groups, the respondents with a university degree (Table
5) had the most ‘no” answers related to the desire for teeth
alignment (37.7%), desire for teeth size change (37.8%),
desire for whiter teeth (34.8%), desire for artificial crown

| doi: 10.2298/SARH 16125805

(35.5%). The greatest desire for artificial crowns (Table 5)
was expressed by respondents with secondary education
degree (39.3%). Previous orthodontic treatment (Table 5)
was reported by only one quarter of the total number of
respondents, mostly students (33.7%), as compared with
all the other groups.

DISCUSSION

Attitudes toward the importance of our dental appearance
and aesthetics have shown rapid changes over the past de-
cades. Patient’s subjective evaluation and satisfaction with
dental appearance and aesthetics is becoming more impor-
tant factor in aesthetic treatments, restorative procedures,
and prosthetic therapy. This is of great importance for a
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predictable transition between initial contact insertion to
definitive restoration in the therapeutic procedure.

In this study, satisfaction with dental appearance and
aesthetics was expressed by 58.1% of respondents from
Novi Sad, Serbia (Table 4). This result is similar to data
reported by Samorodnitzky-Naveh et al. [7] in Israel
(62.7%), Tin-Oo et al. [13] in Malaysia (47.2%), Akarslan
et al. [14] in Turkey (57.3%), Lajnert et al. [15] in Croatia
(43%), but this percentage is lower than that obtained by
Azodo et al. [16] in the study of young adults in Nigeria
(79.4%), Alkhatib et al. [11, 17] in the United Kingdom
(75%), and Meng et al. [18] in Florida (76%).

Many factors are important for subjective evaluation of
dental appearance [5]. Individuals exhibit varying degrees
of sensitivity to certain esthetic issues [19]. The results of
this study can be explained by the fact that the standard
of beauty differs between people of different race, place
of residence and period in which the research is being
conducted. All this can result in variations in the self-
perception and subjective evaluation of dental appearance
and aesthetics.

According to the results of Akarslan et al. [14], 55.1%
of respondents in Turkey were dissatisfied with the color
of their teeth. Study from the United States showed that
349% of adults were dissatisfied with their tooth color [20].
It was reported that 31.6% of the participants in a study
conducted in North America and 52.6% in China were
dissatisfied with their tooth color [21, 22]. Samorodnitzky-
Naveh et al. [7] concluded that 37.3% of respondents in
Israel were dissatisfied with their dental appearance and
the color of the teeth was the main reason for dissatis-
faction in 89.3% of participants. Of the total number of
respondents dissatisfied with their tooth color, 88.2% of
participants said that they would undergo the procedure of
teeth whitening. Similar to the results of previous authors
and according to our results, 48.5% of participants were
dissatisfied with the color of their teeth (51.1% female and
48.9% male respondents), whereas 48.3% of respondents
from the age group 20-30, 48.1% of respondents from the
age group 31-40, and 50.1% of respondents from the age
group 41-50 desired whiter teeth.

It is commonly considered that women are more inter-
ested in their appearance than men. This agrees well with
the idea that physical injury affects women’s self-esteem
more than men’s. The conducted study did not reveal sta-
tistical significance with respect to gender in any of the
examined parameters but female participants were more
dissatisfied with their dental appearance and aesthetics
(53.2%) as compared with male ones (46.8%). The desire
for teeth alignment is higher among women, being 57.3%,
compared to 42.7% in men. Desire for aesthetic dental
treatment is also higher in women with 54.8%, compared
to 45.2% in men. The results of our research are similar
to study of Akarslan et al. [14] from Turkey, who estab-
lished that females were more dissatisfied with the general
appearance of their teeth (43%) as compared with males
(41.7%), but the difference was found to be non-signifi-
cant. Tin-Oo et al. [13] reported that dissatisfaction with
general dental appearance was more common in females

(79.8%) than in males (20.2%) and differed significantly.
Vallittu et al. [23] reported similar results from Eastern
Finland. Samorodnitzky-Naveh et al. [7] reported that fe-
males (65.4%) were more satisfied with the general appear-
ance of their teeth than males (59.8%) in Israel; however,
the sample consisted of more males than females as the
participants were selected from patients attending a mili-
tary clinic. According to Wolfart et al. [24], the degree of
satisfaction concerning appearance of anterior incisors in
accordance with golden standard values is higher for men
than for woman.

According to Vallittu et al. [23], the perception that very
white teeth are beautiful decreased with age and young
patients expressed greater preference for white teeth than
older ones [23].In the study of Meng et al. [18], 75% of
older respondents were satisfied with their dental appear-
ance. Satisfaction with dental appearance and color of teeth
was established by Lajnert et al. [15]in 80% of Croatian
population, as well as by Alkhatib at al. [11]in 80.3% of
the respondents from the 55+ age group in the United
Kingdom. According to Alkhatib et al. [11], age had an
impact on dissatisfaction with dental aesthetics; they also
showed that older people in the United Kingdom were
more satisfied with their dental appearance. These findings
show a certain degree of agreement with the descriptive
outcome of the study of Akarslan et al. [14].In the present
study, satisfaction with dental appearance and aesthetics
was expressed by 60.3% of respondents from the 20-30
age group, 55.7% from the age group 31-40, and 53.7%
from the 41-50 years of age group. According to our re-
sults and the results of the mentioned authors, the age is
not necessarily associated with dissatisfaction with dental
appearance and aesthetics. Although the dental aesthetic
appearance gets worse with age, the level of acceptability
of such changes by the elderly is significantly higher than
in younger patients. For older patients, the appearance of
teeth was not as important as for younger patients. This
finding may be due to more advanced cognition in older
age which may override effects of cultural or behavioural
factors thought to influence self-perceived appearance.

In the present study, respondents with high education
levels were more satisfied with their dental appearance and
aesthetics than those with lower levels of education. The
intact anterior teeth showed significant increasing pattern
with the increase in education level. Respondents with a
university degree had the most ‘no’ answers (compared
to other groups) related to the desire for teeth alignment,
desire for resizing of teeth, desire for whiter teeth, and
desire for artificial crown. Respondents with high educa-
tion levels were more satisfied with the color of the teeth
and had no desire for whiter teeth than those with lower
levels of education according to studies of Xiao et al. [22]
and Akarslan et al. [14]. These findings suggest that higher
self-satisfaction with the aesthetics of teeth observed in
respondents with higher academic titles may reflect more
self-esteem of these respondents. The study of Tin-Oo et
al. [13] revealed that satisfaction with tooth shade or gen-
eral dental aesthetic was not related with educational level
of the respondents.
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CONCLUSION

Dentists can expect differences in satisfaction with den-
tal appearance and aesthetics depending on the age, gen-
der, and level of education of the patients. The results of
this study suggest that dental appearance and aesthetics
might be more important for women than for men, with
the difference being minor. The age is not necessarily as-
sociated with dissatisfaction with dental appearance and
aesthetics even though dental appearance deteriorates with
age. Respondents with high education levels were more
satisfied with their dental appearance and aesthetics than
those with lower levels of education. The varying attitudes
toward dental appearance and aesthetics must be acknowl-
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Cy6jekTMBHO BpeaHOBake U OAHOC Mpema AEHTAIHOM U3rneay U ecTeTUum y

OAHOCY Ha rOAMHE CTapoCTH, NOA U cTeneH obpa3oBakba

JburbaHa Ctpajuuh', AnjaHa bynatosuh', Meuua Cranunh?, Page Muskosuh?

'"YHusep3utet y HoBom Caply, MegnumHcki dakyntet, KnuHuka 3a ctomatonorujy Bojsogute, Hosu Cag, Cpbuja;
2YHuBep3uTeT y beorpaay, CromatonoLuku pakynteT, KnuHuKa 3a ctomatonoLwKy npoteTuky, beorpag, Cp6uja

KPATAK CAZIPXA)

YBop lNaunjeHTOBO Cy6jeKTUBHO BpefHOBatbe AeHTaNHOr
n3rnefa v ecTeTvke NocTaje CBe BaXKHMjU GaKTOP NPUIIMKOM
eCTeTCKMX TPETMaHa 1 NPOTETCKUX Tepanuja.

Linmb papa Livsb nctpaxuatba 610 je fa UCTpaxu yTrLaj rogu-
Ha CTapOoCTY, HMBOa 06Pa30Bakba, MOJA UCMUTAHUKA U Pa3Inum-
TV 3y6HU CTaTyC 1 U3rNef ropkux npegrbux 3y6a (6oja, Benu-
UmHa, 06NMK, Nopefak npefbux 3yba) Ha 3aA0BOLCTBO UCTK-
TaHMKa AEeHTaNIHUM U3rNeLOM 1 eCTETUKOM ropHUX NPeabux
3y6a 1 NocTojarbe Xerbe 3a yHanpeherem JeHTanHe ecTeTuKe.
Mertope papa VicTpaxuBare je cnpoBefeHo Ha 480 ocoba of,
20 go 50 roamHa, npoceyHe ctapocTn 30,84 rogmHa. buno je 236
NCMUTaHMKa MYLLKOT Nosia U 244 ncnutaHmnka XeHcKor nona.
Mcnutannum cy nHTepBjyncaHn nyTeM YNUTHMKa CreLmjanHo
HanpaBJbEHOT 3a NOTpebe OBOr UCTPaXMBatba. 3a MoTpebe
NCTpaXkMBakba MCMUTaHMLN CY NOAE/bEHN Npema rognHama
CTapoCTH Y TPU CTapocHe rpyne: miaha ctapocHa rpyna (20-30
roAviHa), cpeftba ctapocHa rpyna (31-40 roguHa), ctapuja cta-
pocHa rpyna (41-50 roguHa).

MpumrbeH « Received: 07/09/2016
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Pesyntatm CnpoBefeHa cTyaunja Huje yTBpAMNA CTaTUCTAYKY
CUTHUPUKAHTHOCT Yy OAHOCY Ha MO HY Y jeAHOM O UCTINTU-
BaHWX NapameTapa (p > 0,05). lMonoBMHa ncNMTaHUKa y CBaKoj
CTapOCHOj rpynu 6vna je 3afoBoJbHa AEHTaNHUM W3rNefoM 1
ecteTmkom: 60,3% ncnutaHunka y ctapocHoj rpynu 20-30 roam-
Ha, 55,7% y ctapocHoj rpynu 31-40 rognHa n 53,7% y CTapocHoj
rpynu 41-50 rognHa. 3af0BO/bCTBO AEHTASIHUM U3rNefoM 1
eCTeT!KOM 1Ma IMHeapHO NPaBuIo NopacTa 3a0BO/bCTBA Ca
nopacTom cTeneHa obpa3oBarba 1 Hajeehe je Kog ucnuTaHuka
ca 3aBpLueHUM pakyntetom (33,3%).

3akrbyuak *KeHe cy 6vne He3ao0BOSbHUjE CBOjUM A€HTaIHUM
M3refoM 1 eCTETUKOM Y OAHOCY Ca MyLLKapLie, anu pasnmka
HMje CTaTUCTUYKM 3HaYajHa. lMaumnjeHTr ca BUCOKNM CTEMEHOM
obpa3oBatba 6UNY Cy 3aA0BObHUjY AEHTATHM U3TEA0M U
€CTETUKOM HEro NCMUTAHULM Ca HUXUM CTeneHom 0bpaso-
Batba.

KrbyuHe peun: ieHTanHa ecTeTuKa; AeHTaNHU U3Tef; NpeaHu
3y6u; CybjeKTMBHO BpeAHOBakbe; 60ja 3yba
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SUMMARY

Introduction Adherence to proposed lifestyle changes and prescribed medication in patients with stable
coronary artery disease (SCAD) is poor.

Objective We sought to investigate the influence of adjusting guideline proposed medications on relief
of angina in a large group of patients with SCAD in Serbia.

Methods The study included a total of 3,490 patients from 15 cardiology clinics with symptoms of stable
angina and at least one of the following criteria: abnormal electrocardiogram (ECG), history of myocardial
infarction (M), positive stress test, significant coronary artery disease on coronary angiogram or previ-
ous revascularization. All the patients underwent comprehensive evaluation at initial visit and after two
months. The relief of angina was study end-point defined as any reduction in Canadian Cardiology Society
(CCS) class, number of angina attacks per week and/or number of tablets of short-acting nitrates per week.
Results Most patients were included based on abnormal ECG (48.4%). At Visit 1, the average number of
prescribed classes of medications to a single patient increased from 4.16 £ 1.29 t0 4.63 + 1.57 (p < 0.001).
At the follow-up, the patients had significantly lower blood pressure (141 +19/85+ 11 vs. 130+ 12/
80 + 8 mmHg; p < 0.001) and most of them reported CCS class | (63.3%). The average weekly number of
angina attacks was reduced from 2.82 + 2.50 at Visit 1 to 1.72 0 £ 1.66 at Visit 2, as well as average weekly
use of short-acting nitrates to treat these attacks (2.69 + 2.53 to 1.74 £ 1.47 tablets; p < 0.001 for all).
Conclusion Adjustment of prescribed medications to guideline recommendations in a large Serbian
patient population with prevalent risk factors led to significant relief of angina.

Keywords: stable coronary artery disease; guidelines; medical therapy; trimetazidine

INTRODUCTION

As a consequence of high prevalence of risk
factors for atherosclerosis, low income, and in-
sufficient level of health education, ischemic
heart disease is the leading cause of death in
Serbian population [1]. The latest guidelines
on stable coronary artery disease (SCAD)
have been implemented for several years, but
patients’ adherence to proposed lifestyle chang-
es, prescribed medication, and cardiovascular
rehabilitation remains poor [2, 3]. Although
improvement in medical treatment has been
noted in large registries of patients with SCAD,
there is room for further step-up [4].

Traditionally, the treatment of SCAD is
based on hemodynamic agents that reduce the
energy requirements of myocardial cells by
lowering blood pressure and heart rate (beta
blockers, calcium antagonists) or through va-
sodilation enhance coronary blood flow by
systemic and coronary arteriolar and venous
vasodilatation with consequent preload reduc-
tion (nitrates), leading to symptom relief. On
the other hand, lately, along with these well
established drugs, new classes of treatments
with entirely (trimetazidine, ivabradine) or
partly (nicorandil) different mechanisms of
action have been introduced in the treatment
of SCAD and supported by current guidelines
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[2]. Metabolic agents, like trimetazidine (TMZ), act as
anti-ischemic medications by metabolic modulation. An-
gina patients accumulate free fatty acids (FFAs), which the
cardiac muscle oxidizes for its energy requirements. FFAs
oxidation demands more ATP to breakdown FFAs than
glucose oxidation, requiring more oxygen to be supplied
to the ischemic myocardium. Trimetazidine inhibits the
use of FFAs as an energy source, shifting the myocardial
metabolism to glucose utilization (glycolysis), which re-
quires less oxygen than FFAs.

The effect of TMZ has been extensively studied in pa-
tients with SCAD. It has been shown that adding TMZ to
standard therapy in patients with CAD, especially beta-
blocking agents, confers clinical benefit of reduction of
number of angina attacks, increasing exercise capacity, and
prolonging exercise period before occurrence of ischemia
(time to 1 mm ST segment depression). These benefits
have been proven in different subsets of patients with coro-
nary artery disease such as diabetics, patients with previ-
ous myocardial infarction or acute myocardial infarction
undergoing primary percutaneous coronary intervention
(PCI) or thrombolysis, undergoing coronary artery bypass
grafting (CABG), as well as those not suitable for any kind
of revascularization [4-10].

The reports dealing with management of SCAD in
Serbia are scarce. Furthermore, there are no data regard-
ing the current use of these “new treatments” in Serbian
population of patients with SCAD.

OBJECTIVE

We sought to investigate the influence of strict implemen-
tation of current guideline-proposed medications on relief
of angina assessed by the reduction of the functional class
of angina pectoris, weekly occurrence of the angina, and
the weekly use of short acting nitrates in a large cohort of
Serbian patients with SCAD.

METHODS

In this multicenter, longitudinal study, we prospectively
enrolled 3,490 consecutive patients from 15 outpatient
cardiology clinics with symptoms of stable angina in an
open design with repeated measurements of the patients’
characteristics at two office visits. Patients were enrolled
during February and March of 2014. Fifty cardiologists
in those clinics evaluated the patients and included them
in the study.

Before inclusion in the study, the patients were fully
informed about the aims of the study and accepted cor-
rection of their prescribed therapy to meet the guideline-
proposed goals. The patients were asked to consent to col-
lecting data from their medical records on their condition,
and were explained that their treatment will be corrected
based on their clinical status and following the current
recommendations for the condition. They had an oppor-
tunity to refuse institution of new medicines and use of

their medical records for study purposes. The participating
physicians were asked to act based on their own clinical
judgment and to follow the recommendations given by the
current guidelines. This means they had an opportunity
to implement second-line drugs for treatment of SCAD if
they considered that first-line drugs were not sufficient or
if patients experienced any of the undesirable effects of the
first-line treatment. Also, physicians had an opportunity
not to change treatment of patients for whom they thought
were in stable condition with well controlled risk factors
for atherosclerosis. The study protocol was approved by
the ethics committee of each participating institution. Pa-
tients were included in the study if they were older than 18
years of age and had SCAD defined according to clinical
symptoms (typical or atypical chest pain, or angina equiva-
lent, related to physical activity, lasting several minutes
and ceases after stopping exertion or taking short-acting
nitrates) and at least one of the following:

» ECG abnormality (presence of abnormal Q waves in
any lead, ST segment depression or elevation equal to
or greater than 0.5 mm in any two consecutive leads,
negative T waves in any two consecutive leads);

« History of documented myocardial infarction (MI)
more than three months previously;

« Positive stress test (exercise stress test, echocardiogra-
phy stress test or myocardial perfusion scintigraphy);

o Performed coronary angiography with at least one di-
ameter stenosis of epicardial coronary artery of more
than 70%;

« History of revascularization either by PCI or CABG.

The patients were seen at the office visit on the day
of inclusion in the study. The symptoms of angina were
assessed and classified using Canadian Cardiology Soci-
ety (CCS) classification [11]. The frequency of angina at-
tacks and use of short-acting nitrates were also assessed. A
12-channel ECG was recorded in all the patients. Physical
examination of the patients included height, weight and
blood pressure measurement, the presence of known risk
factors for atherosclerosis (diabetes, smoking, hyperten-
sion, heredity), and manifestations of atherosclerotic dis-
ease (peripheral arterial disease, cerebrovascular disease,
heart failure, erectile dysfunction, renal failure) were also
examined.

The patients’ prescribed medications were thoroughly
assessed including type of agent, daily dose and total du-
ration of therapy. These include antiplatelet agents, beta
blockers, calcium antagonists, angiotensin-converting
enzyme (ACE) inhibitors, angiotensin II receptor block-
ers (ARB), long-acting nitrates, lipid lowering agents and
metabolic agents to treat the angina (TMZ, ranolazine and
nicorandil). According to the current European Society of
Cardiology guidelines on stable coronary artery disease,
new medications were added or previously prescribed
ones were stopped, or their dose was adjusted to meet the
guideline-proposed recommendations [2].

After two months, the patients were seen again and un-
derwent physical examination and blood pressure mea-
surement. Weekly number of angina attacks, angina class
using CCS classification, and use of antianginal medica-
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tions were assessed, as well as the tolerance and adherence
to medications prescribed on the previous visit. The pre-
scribed medications and their dosage remained unchanged
throughout the follow-up period.

The primary end-point of the study was relief from
angina consisting of any reduction in CCS class, any re-
duction in number of angina attacks per week and any
reduction in number of tablets of short-acting nitrates
taken per week.

Statistical analysis

Continuous variables are presented as mean values + stan-
dard deviation (SD). Categorical variables are presented
as percentages. Depending on the distribution of the data,
t-test or Mann-Whitney test were used to compare con-
tinuous variables, whereas x> and Fisher’s test were used
for categorical variables. P-value of <0.05 was considered
significant. Statistical analysis was performed using com-
mercially available software (PASW Statistics, version 18,
SPSS Inc., Chicago, IL, USA).

RESULTS

A total of 3,490 patients, mean age 67 + 10 years (53.2%
males) were enrolled in the study. Most patients fulfilled
only the ECG criterion for inclusion in the study (Table 1).
Significant proportion of enrolled patients were hyperten-
sive, while other atherosclerotic risk factors were present
in expected proportions. The patients’ clinical character-
istics are given in Table 2. For every class of medications
(antiplatelets, long-acting nitrates, beta-blocking agents,
Ca-antagonists, ACE-inhibitors, ARBs or statins) there
was significant change in number of patients taking them,
when their therapy was corrected according to guidelines

Table 1. Enrolment of patients in the study based on inclusion criteria
(n=3,490)

Inclusion criterion Number o
patients (%)
Abnormal ECG at Visit 1 1,689 (48.4)
History of myocardial infarction 1,270 (36.4)
Exercise stress test 997 (28.6)
Positive stress Echocardiography stress test 121(3.5)
test :sgité\éeiacs:;nary 567 (16.2)
History of Previous PCl 833(23.9)
revascularization | Previous CABG 475 (13.6)

CABG - coronary artery bypass grafting; PCl - percutaneous coronary
intervention

Table 2. Clinical characteristics of the patients at Visit 1 (n = 3,490)

Clinical characteristics Values*

Age (years) 66.71 +9.75
Male gender (%) 1,857/3,490 (53.2%)
Smoking (%) 1,361/3,294 (39.0%)
Hypertension (%) 3,162/3,490 (90.6%)
DM on OAD (%) 973/3,490 (27.9%)
DM on insulin (%) 300/3,190 (8.6%)
PAD (%) 475/3,490 (13.6%)
Previous CVA (%) 395/3,490 (11.3%)
Chronic renal failure (%) 211/3,490 (6.0%)
BMI (kg/m2) 27.01£3.58
Systolic BP (mmHg) 141 +19
Diastolic BP (mmHg) 84+ 11

Heart failure 592/3,490 (17.0%)
Erectile dysfunction 126/3,490 (3.6%)

*The values are presented as mean + standard deviation and as the number
of patients with percentage.

DM - diabetes mellitus; OAD - oral antidiabetics; PAD - peripheral arteria
disease; CVA - cerebrovascular accident; BMI - body mass index; BP — blood
pressure

at Visit 1. Of note, this difference was the greatest regard-
ing trimetazidine and it was instituted for the first time in
3,064 out of 3,490 (87.8%) patients, while use of nicorandil

Table 3. Change in prescribed medication to patients in the study at Visit 1 (n = 3,490)

Number of patients (%) Duration of therapy
Drug class p bef h
Prescribed Not prescribed efore V1 (months)
. Taken before 2,777 (79.6) 224 (6.4)
Antiplatelets <0.001 9.6 +6.6
Not taken before 239 (6.8) 250(7.2)
. . Taken before 1,070 (30.6) 264 (7.6)
Long-acting nitrates <0.001 36.5 +28.6
Not taken before 221 (6.4) 1,935 (55.4)
. Taken before 1,890 (54.2) 753 (21.6)
Beta-blocking agent <0.001 52.0+25.7
Not taken before 297 (8.5) 550 (15.7)
Taken before 1,200 (34.4) 254 (7.3)
Calcium antagonist <0.001 48.3+28.2
Not taken before 326 (9.3) 1,710 (49.0)
Taken before 1,901 (54.7) 416 (11.8)
ACE inhibitor <0.001 42.0+30.5
Not taken before 316 (9.0) 857 (24.5)
i i Taken before 249 (7.1 72 (2.1
angllstensm receptor (7.1 (2.1) <0.001 12.8 484
ocker Not taken before 101 (2.9) 3,068 (87.9)
. . Taken before 1,706 (48.9) 504 (14.4)
Lipid lowering agent <0.001 284+22.38
Not taken before 365 (10.5) 915 (26.2)
. . Taken before 182 (5.2) 59 (1.7)
Trimetazidine <0.001 6.2+34
Not taken before 3,064 (87.8) 185 (5.3)

ACE - angiotensin-converting enzyme; V1 - Visit 1

doi: 10.2298/SARH1612590I
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Graph 1. The rate of discontinuation of prescribed medications at Visit
1; the graph displays high rate of discontinuation of several classes of
medications at Visit 1

ACE - angiotensin-converting enzyme; ARB - angiotensin Il receptor antagonist
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Graph 2. Canadian Cardiovascular Society (CCS) angina class in patients at Visit
1 and 2; the graph displays significant reduction in angina severity, expressed
as CCS class, in study population at Visit 2, after institution of adjusted medical
therapy according to current guidelines

and ranolazine was negligible (0.05% and 0.00%, respec-
tively) (Table 3). There was a high rate of discontinuation
of previously prescribed medications, classified in groups,
at Visit 1, initiated by treating physician (Graph 1). At Visit
1, number of prescribed medications from previously de-
tined groups of medication increased from 4.16 + 1.29 to
4.63 = 1.57 (p < 0.001). The median number of prescribed
drugs rose from four at Visit 1 (1-8) to five (0-7) at Visit 2.

There were 3,425 patients (98.14%) that were seen at
Visit 2 and the data on study end-points were collected for
them. At Visit 2, the patients had significantly lower blood
pressure (141 +19/85+ 11 vs. 130 + 12/ 80 + 8 mmHg;
p < 0.001). The patients” functional class data were avail-
able for 3,425 patients (98.14%) and it improved signifi-
cantly, with most patients reporting CCS class I (Graph
2). While most patients improved their CCS class, several
patients deteriorated and some remained in the CCS class
III and IV, warranting further investigation and possible
need for invasive coronary angiography (Table 4). The av-

Table 4. Change in CCS class at Visit 2 after adjustment of medical

therapy
CCS class Visit 1 CCS class Visit 2 No. of patients (%)
(No. of patients) 1 2 3 4
1(1,217) 1,199 (98.5) | 18(1.5) 0(0.0) 0(0.0)
2(1,684) 923 (54.8) | 749(44.5) | 12(0.7) 0(0.0)
3(475) 46 (9.7) 295(62.1) | 134(28.2) | 0(0.0)
4 (49) 6(12.2) 21(42.9) | 15(30.6) 7 (14.3)

CCS - Canadian Cardiovascular Society

erage weekly number of angina attacks was reduced from
2.82£2.50 at Visit 1 to 1.72 + 1.66 at Visit 2, as well as the
average weekly use of short-acting nitrates to treat these
attacks (2.69 £ 2.53 to 1.74 £ 1.47 tablets; p < 0.001 for all).

DISCUSSION

To the best of our knowledge, this is the first study evalu-
ating implementation of guideline directed treatment of
stable coronary artery disease in Serbian population which
is characterized by prevalent atherosclerotic risk factors
and low socioeconomic level. Our study demonstrated
that strict implementation of guideline-directed medical
therapy in patients with SCAD led to significant improve-
ment in patients’ status, as indicated by the reduction of
number of angina attacks, use of short-acting nitrates,
and lower CCS class, but at a cost of increased number of
prescribed classes of medications patients are taking. As
expected and documented in previous publications, the
use of beta-blocking agents and long acting nitrates was
independently associated with relief of angina [12, 13, 14].
The use of trimetazidine at the initial study visit was low
and substantially increased during the follow-up period.
Of note, the existing use of nicorandil and ranolazine in
Serbian population with SCAD was negligible.

We also observed a high rate of discontinuation of pre-
viously prescribed medication at Visit 1 (Graph 1). It was
especially high for ACE inhibitors, but it was also worth
of notice for beta blocking agents, ARBs, lipid lowering
agents, and trimetazidine. The reason for this could be
the presence of adverse events of the drugs, decreased pa-
tient compliance, and inefficient treatment for hyperten-
sion, which lead to switch from one drug class to another.
Unfortunately, adverse events of the medicines and the
patients’ compliance were not systematically evaluated in
the study.

The patients included in the study had a very high prev-
alence of hypertension, although significant proportion of
them had been treated with antihypertensive medications.
At Visit 1, besides adding trimetazidine to most patients’
treatment, new medications were added and dosage of
already instituted antihypertensive medication was cor-
rected to meet the guideline- defined goals. At Visit 2, the
patients had significantly lower blood pressure, within
treatment goals proposed by guidelines. This might have
caused an improvement in angina status and influence
the primary end-point of the study per se [15]. Also, the
increased compliance with already prescribed medication
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could cause this effect on blood pressure regulation. Al-
though adjustment of medical therapy has led to improve-
ment in clinical status and CCS class in most of the pa-
tients, some still remained in CCS classes III and IV (Table
4). This demonstrates limitations of medical therapy alone
in treatment of patients with SCAD, because the patients
that haven't improved after correction of therapy may be
candidates for invasive coronary angiography and inter-
ventional treatment. The important issue is an increase in
already high number of classes of medications prescribed
to patients at Visit 1. This may be caused by already in-
efficient treatment for angina, hypertension or dyslipid-
emia. The patients’ blood pressure at Visit 1 was not in
the range recommended by the current guidelines [15].
Also, many patients had an already proven CAD, so their
treatment must have consisted of antiplatelet agent(s), a
lipid lowering drug, and potentially a beta blocker [16],
besides treatment for hypertension. It can be argued that
already instituted medications were not prescribed in op-
timal doses, so that participating physicians might have
increased the dose of already prescribed medication in-
stead of implementing new ones. Noteworthy, potential
interaction between the drugs prescribed affecting their
efficacy can also be the issue.

Antiplatelet agents were frequently prescribed to our
patients (Table 3), given as secondary prevention, because
most patients had a previously proven CAD (history of
MI, PCI or CABG) (Table 1) [16]. The same applies for
beta-blocking and lipid lowering agents. Increased use of
trimetazidine is in line with current guidelines that rec-
ommend its use as a second line treatment for patients
who are still symptomatic despite use of the first line
medications (beta-blocking agents, calcium antagonists
and, nitrates) or who cannot tolerate them [2]. However,
it should be underlined that indication for its use bears
IIB class indication, level of evidence B [2]. The reason
to prescribe a second line agent, like TMZ, as a mono-
therapy should be guided by intolerance of the first line
treatment, notably bradycardia induced by beta-blocking
agents, headache and hypotension caused by long acting
nitrates or bradycardia, hypotension and peripheral ede-
ma caused by Ca antagonists. This finding corroborates a
large meta-analysis by Peng et al. [17] of randomized trials
comparing efficacy of TMZ added to conventional therapy
vs. conventional therapy only in patients with stable an-
gina. On the other hand, another meta-analysis, done by
Belsey et al. [18], has demonstrated beneficial effects of
adding TMZ to beta-blocking agents or Ca antagonists
on exercise tolerance and weekly angina frequency, but it
was not associated with the decrease in use of short-acting
nitrates. The evidence for TMZ as mono-therapy is not so
robust and large meta-analysis did not demonstrate clear
benefits from TMZ compared to alternative regimen with
nitrates. However, relatively few side effects is one of the

doi: 10.2298/SARH1612590I

most important advantages of TMZ that supports its use
in stable coronary artery disease [19]. Since the effects of
TMZ are related to metabolism of FFA, it also benefited
patients with heart failure, improving echocardiographic
indices of systolic and diastolic function [20]. It can be
argued that the period of two months between the study
visits may not be sufficient for instituted therapies to reveal
their full effect. However, the studies on effects of TMZ
in patients with SCAD evaluated its effects after four to
eight weeks of therapy, which makes our study design ap-
propriate [7, 21, 22].

Study limitations

The study was not randomized and the effects of such de-
sign have to be acknowledged. The time interval during
which stable angina was present was not assessed at the
inclusion in the study, so that complaints may be caused by
in-stent restenosis after PCI, especially within six months
after intervention, or graft failure after CABG. The ef-
fects of prescribed treatment were measured by subjec-
tive patient’s evaluation of their condition. The design of
the study did not allow for a washout period between the
discontinuation of the old and the introduction of any new
medication. Also, for medical reasons of continuing treat-
ment of angina, the study design did not include a cross-
over between prescribed medications groups. The patients
were interviewed about their compliance and possible un-
desirable effects of the prescribed treatment both at Visit
1 and Visit 2, but this was not recorded in the study data-
base, which may lead to erroneous conclusions regarding
their effectiveness. All this limits the power of the study to
assess the effects of individual medication groups on relief
of angina as a study end-point.

CONCLUSION

Adjustment of prescribed medications to meet guideline-
proposed goals in a large population of Serbian patients
with stable coronary artery disease, characterized by high
prevalence of risk factors, led to significant relief of an-
gina, supporting the concept of guideline-directed medical
therapy

NOTE

Epidemiology study database was provided by the Les
Laboratoires Servier. Data analysis was performed solely
by the authors and the scientific content of the manuscript
was not influenced in any way by the Les Laboratoires
Servier.
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KPATAK CAZIPXKAJ

YBop Ocobe Koje 6onyjy of cTabunHe KopoHapHe 6onecTu He-
[OBOJbHO Ce NpYAPKaBajy NPenopyKa O MPOMEHU XXUBOTHUX
HaBMKa 1 peJOBHOM y3UMatby Teparnuje.

Liwb papa Linb cTyamje je ncnutati ytmuaj MeguKaMeHTHe Te-
panuje ycknaheHe npema akTyenH/M NpenopyKama Ha TeXHY
aHrMHe NeKTOpU1C KOA NaLujeHaTa ca CTabunHoOM KOPOHapHOM
6onewhy y Cpbuju.

Metoge papa Y ctyanjy je ykibyyeHo 3.490 naunjeHatay 15
KapaMONoLWKNUX KIMHUKA ca CUMMATOMIMA CTabUIHe aHTvHe 1/
1Y NpoMeHama Ha enekTpokapavorpamy (EKI), npenexxaHum
nHdapkTom mmokapga (MIM), no3nTnBHUM TecTom GpU3nUKor on-
Tepehera, aHrnorpadcky JokazaHOM 3HauajHOM KOPOHaPHOM
6onelwhy 1 NPeTxogHOM peBackynapu3aLyjom MMoKapaa.
CBu 6onecHULM Cy CBeOOYXBATHO NMpErnefjaHy Ha MPBOj MOCETH
1 HaKOH ABa Mecella. Linmb ncrpaxusatba je cMarbere aHrmHo3-
HWx Teroba, aedrHMCaHO Kao 610 KakBO CMatberEe Knace fAe-
drHrcaHe KaHackum KaparonowKum apywtsom (CCS), 6poja

MpumrbeH « Received: 10/09/2015

PeBu3uja « Revision: 07/03/2016

aHTMMHO3HYX HamnajAa HefesbHO M/Unn cMarberbe 6poja y3eTnx
Tabneta KpaTkogenyjyhux HuTparta.

Pesyntatu BehriHa 6051ecHMKa je yKibyyeHa Ha OCHOBY Npome-
Ha Ha EKT-y (48,4%). Ha npBom npernepy npoceyaH 6poj knaca
neKoBa NpenucaHnX nauujeHTy nopactao je ca 4,16 + 1,29 Ha
4,63 + 1,57 (p < 0,001). Ha KoHTpONHOM Npernegy 6onecHNLK
Cy VIManu 3HauyajHO Marbe BPeAHOCTI KPBHOT NpuTucKa (141 £
19/85+118Bc. 130+ 12 /80 + 8 mmHg; p < 0,001) n BehurHa
je npunagana CCS knacu | (63,3%). MpoceyaH 6poj aHIMHO3HUX
Hanafa HefesbHO CMatbeH je ca 2,82 + 2,50 Ha NpBOj NoceTn Ha
1,72 £ 1,66 Ha gpyroj nocet. Takohe je cMareHa HefiesbHa yro-
Tpeba KpaTKogenyjyhrx HATpaTa pagm Kynupara aHr MHO3HMX
Hanaga, ca 2,69 + 2,53 Ha 1,74 + 1,47 Tabnete (p < 0,001 3a cBe).
3akmyuak YcknahvBamwe MefuKaMeHTHe Tepanuje npema
aKTyenHUM npernopykama [JOBOAM [0 3HaYajHOT CMarbetba aH-
rMHO3HYKX Teroba Kof 6onecHMKa ca NpUcyTHUM pakToprma
pusmnka y Cpbuju.

KrbyuHe peun: ctabunHa KopoHapHa 6o5ecT; npenopyke; me-
AMKaMeHTHa Tepanuja; TpMeTasnanH

Mpuxsahen « Accepted: 01/04/2016



Srp Arh Celok Lek. 2016 Nov-Dec;144(11-12):597-601

DOI: 10.2298/SARH1612597R

OPUTMHANHW PALL / ORIGINAL ARTICLE UDC: 616.8-009.832-085.817; 615.817

Is pacemaker therapy the right key to patients with
vasovagal syncope?

Nikola N. Radovanovi¢', Bratislav Kir¢anski', Srdjan Raspopovic', Sinisa U. Pavlovi¢'?,
Velibor Jovanovi¢', Goran Milasinovi¢'?

'Clinical Center of Serbia, Pacemaker Center, Belgrade, Serbia;
2University of Belgrade, School of Medicine, Belgrade, Serbia

SUMMARY

Introduction Vasovagal syncope is the most common type of reflex syncope. Efficacy of cardiac pac-
ing in this indication has not been the subject of many studies and pacemaker therapy in patients with
vasovagal syncope is still controversial.

Objective This study aimed to assess the efficacy and safety of pacing therapy in treatment of patients
with vasovagal syncope, to determine contribution of new therapeutic models in increasing its success,
and to identify risk factors associated with a higher rate of symptoms after pacemaker implantation.
Methods A retrospective study included 30 patients with pacemaker implanted due to vasovagal syn-
cope in the Pacemaker Center, Clinical Center of Serbia, between November 2003 and June 2014. Head-up
tilt test was performed to diagnose vasovagal syncope. Patients with cardioinhibitory and mixed type
of disease were enrolled in the study.

Results Mean age was 48.1 + 11.1 years and 18 (60%) patients were men. Mean follow-up period was
5.9 £ 3.0 years. Primarily, implantable loop recorder was implanted in 10 (33.3%) patients. Twenty (66.7%)
patients presented cardioinhibitory and 10 (33.3%) mixed type of vasovagal syncope. After pacemaker
implantation, 11 (36.7%) patients had syncope. In multiple logistic regression analysis we showed that
syncope is statistically more likely to occur after pacemaker implantation in patients with mixed type of
vasovagal syncope (p = 0.018). There were two (6.7%) perioperative surgical complications.
Conclusion Pacemaker therapy is a safe treatment for patients with vasovagal syncope, whose efficacy
can be improved by strict selection of patients. We showed that symptoms occur statistically more often

in patients with mixed type of disease after pacemaker implantation.
Keywords: vasovagal syncope; pacemaker therapy; head-up tilt test

INTRODUCTION

Vasovagal syncope, previously called neu-
rocardiogenic syncope, is the most common
type of reflex syncope, usually seen in young
patients without cardiovascular history [1]. It
is preceded by prodromal symptoms of strong
initial sympathetic activation in two thirds
of patients. Symptoms such as sweating, pal-
lor, nausea, blurred vision, and confusion are
presented for about 60 seconds [2]. Vasovagal
syncope is caused by an overemphasized re-
sponse of autonomic nervous system to various
stimuli, such as strong emotions and ortho-
static stress [2]. There are different initiators
of vasovagal syncope, from extended standing,
warm and stifling environment, and showering
with hot water, to painful stimulus, fear, or psy-
chological stress [3]. Therefore, peripheral as
well as central mechanisms have been included
in pathophysiology of vasovagal syncope [1].
After taking history, for the confirmation of
diagnosis of vasovagal syncope, the head-up tilt
test (HUTT) should be performed. HUTT is a
noninvasive orthostatic stress test, and accord-
ing to guidelines of European Society of Cardi-
ology, it is indicated in patients with suspected
vasovagal syncope, based on clinical history
and basic diagnostics (class I of recommenda-
tions), in the case of an unexplained syncope

in high risk settings (for example occupational
implications such as pilots or professional driv-
ers), or in situations when we must discrimi-
nate reflex syncope and orthostatic hypoten-
sion (class ITa of recommendations) [4]. The
main dilemma remains whether patients with
vasovagal syncope need specific therapy. It is
generally accepted that patients with single
syncope and without high risk occupations
should be educated to recognize and avoid
situations that can trigger syncope [1, 2, 4].
Counterpressure maneuvers and orthostatic
training may be helpful [1, 2, 4]. According to
guidelines of European Society of Cardiology,
cardiac pacing is indicated in patients over 40
years of age with recurrent vasovagal syncope,
who show prolonged asystole during ECG re-
cording and/or tilt testing, and are informed
of the conflicting results of trials (class Ila of
recommendations) [4]. Efficacy of cardiac pac-
ing in this indication has not been the subject
of many studies and pacemaker therapy is still
controversial.

OBJECTIVE

This study aimed to assess the efficacy and
safety of pacing therapy in treatment of pa-
tients with vasovagal syncope, to determine
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contribution of new therapeutic models in increasing
its success, and to identify risk factors associated with a
higher rate of symptoms after pacemaker implantation.

METHODS

This was a retrospective, observational study, which in-
cluded patients with pacemaker implanted due to vaso-
vagal syncope, in the Pacemaker Center, Clinical Center
of Serbia, between November 2003 and June 2014. The
diagnosis of vasovagal syncope was based on clinical his-
tory and results of tilt testing. During the testing, we used
a protocol divided into three phases:Stabilization phase
— the patient is rested supine for five minutes;

« Passive phase - the patient is tilted upright at an angle
of 60° for 20 minutes;

« Provocation phase — one dose of 400 pg of sublingual
glyceryl trinitrate spray is administered, after which
the patient continues the test for 15 minutes.

HUTT was considered positive when asystole longer
than three seconds and/or fall in systolic blood pressure
higher than 50 mmHg was recorded. All patients were di-
vided into these three hemodynamic types, based on the
results of tilt testing:

« Cardioinhibitory type — when bradycardia and asys-

tole longer than three seconds were recorded;

« Vasodepressor type — when fall in systolic blood pres-
sure higher than 50 mmHg was recorded;

» Mixed type — when asystole and hypotension were
recorded.

Patients with cardioinhibitory and mixed type of va-
sovagal syncope were enrolled in the study. Patients who
were followed up less than six months were excluded.
Pacemakers manufactured by Medtronic (Minneapolis,
MN, USA) and St Jude Medical (Saint Paul, MN, USA)
were implanted, in VVI and DDD mode of stimulation.
Devices with and without special algorithms for treating
reflex syncope were implanted. Pacemaker was implanted
left or right prepectoral and electrodes were placed endo-
venously, after cephalic vein cut-down or punction of the
subclavian and/or axillary vein. In patients with previously
implanted implantable loop recorder (ILR), the device was
explanted, after which the pacemaker was implanted dur-
ing the same intervention. Data were collected from the
pacemaker medical records and patients’ files from device
controls in the Outpatient Department of the Pacemaker
Center. All the patients were contacted by phone to check
whether there were symptoms after the intervention.

For data processing we used descriptive and analytic
statistic methods. From descriptive methods mean and
standard deviation were used for continuous variables, and
absolute and relative numbers for categorical variables. Mul-
tiple binary logistic regression analysis was used to identify
the characteristics associated with a higher rate of syncope
after pacemaker implantation. A p-value of <0.05 was con-
sidered statistically significant. Statistical analyses were
performed using SPSS 20 software (IBM Corp., Armonk,
NY, USA). The efficacy of pacing therapy was determined

‘ doi: 10.2298/SARH1612597R

according to frequency of symptoms recurrence after pace-
maker implantation. Therapy safety was assessed based on
frequency of perioperative complications in our and other
studies, where pacemakers were implanted using standard
surgical technique in similar or different indications.

RESULTS

Thirty patients were included in this study. Mean follow-
up period was 5.9 £ 3.0 years. Mean age was 48.1 + 11.1
years and 18 (60%) patients were man. Patient and proce-
dure characteristics and the incidence of risk factors are
presented in Tables 1 and 2. Preoperatively, all the patients
had syncope, HUTT was performed in all of them and
based on the results, cardioinhibitory type of vasovagal
syncope was diagnosed in 20 (66.7%) patients and mixed
type in 10 (33.3%). Pacemaker in VVI mode of stimulation
was implanted in six (20%) and in DDD mode of stimu-
lation in 24 (80%) patients. Eight (26.6%) patients got
device with special algorithm for treating reflex syncope.
Primarily, ILR was implanted in 10 (33.3%) patients, after
which, based on ILR records, implantation of pacemaker
was indicated. After pacemaker implantation, during the
follow-up period, 11 (36.7%) patients had syncope and 19
(63.3%) had no symptoms. Mean follow-up period from
pacemaker implantation to the first syncope was 1.0 + 0.4
years. In multiple logistic regression analysis we identi-
tied the type of vasovagal syncope as an independent risk
factor for the occurrence of syncope after the pacemaker
implantation (Table 3). We showed that the occurrence
of syncope is statistically more likely after the pacemaker
implantation in patients with mixed type of vasovagal
syncope (p = 0.018). There were two (6.7%) instances of
perioperative surgical complications, and a reintervention
was required in one patient. We recorded no ventricular
arrhythmias, ventricular tachycardia/fibrillation, and one
patient died during the follow-up period.

DISCUSSION

Vasovagal syncope is a rare indication for pacemaker
implantation. Medical doctors, even they are aware that
according to guidelines there is an indication for pacing
therapy, unwillingly make decision to implant the device
because patients are usually young persons, who consider
themselves healthy. If we look at guidelines, especially
at the level of evidence, it will be completely clear why
there are doubts about the role of cardiac pacing therapy
in management of vasovagal syncope. Efficacy of cardiac
pacing in this indication has not been the subject of many
studies, and results and findings of those trials are incon-
sistent [4]. Firstly, efficacy of pacemaker therapy was con-
firmed in a few small randomized studies, with control
group without specific therapy (VPS I, VASIS, SYDIT) [5,
6, 7]. However, the superiority of pacing therapy has not
been confirmed in double-blind placebo-controlled trials
(VPS 1L SYNPACE) [8, 9].
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Table 1. Patient and procedure characteristics

Parameter bl ot
patients (%)
Male 18 (60)
Age 48.1+11.1
Syncope before PM implantation 30 (100)
HUTT before PM implantation 30(100)
ILR implanted before PM implantation 10 (33.3)
. Cardioinhibitory 20 (66.7)
Hemodynamic type of VVS -
Mixed 10 (33.3)
. ) Wi 6 (20)
PM mode stimulation
DDD 24 (80)
PM with special algorithm 8(26.6)
Syncope during follow-up 11(36.7)

PM - pacemaker; HUTT — head-up tilt test; ILR — implantable loop recorder;
VVS - vasovagal syncope

Table 2. Incidence of risk factors

Parameter Number of patients (%)
Ischemic heart disease 5(16.6)

Atrial fibrillation before implantation 5(16.6)
Chronic obstructive pulmonary disease 2(6.7)

Arterial hypertension 16 (53.3)
Diabetes 4(13.3)
Hyperlipoproteinemia 5(16.6)
Tobacco smoking 6 (20)

Table 3. Correlation between patient characteristics and clinical data
with symptoms’ recurrence*

Variable B Sig.

Sex 1.135 0.443
Type of VVS 4.658 0.018
Type of PM -3.732 0.068
Previously implanted ILR -2.478 0.194
PM with algorithm for treating VVS 0.942 0.588

* Dependent variable: syncope
B - regression coefficient; Sig. - significance; VVS - vasovagal syncope;
PM - pacemaker; ILR - implantable loop recorder

In our study, after pacemaker implantation, during the
follow-up period, 36.6% of patients had syncope. Compar-
ing to the results of the VPS II study where 31% of patients
had syncope during follow-up, our results are in line for
additional explanation. Pacemaker in VVI mode of stimu-
lation was implanted in six (20%) patients and five of them
had syncope during the follow-up. Although, in our study,
mode of stimulation has not been identified as a risk factor
associated with a statistically higher rate of symptoms after
pacemaker implantation (p = 0.068), experience tells us
that patients with pacemaker in VVI mode of stimulation
have syncope after intervention significantly more often.
We interpret our results as a consequence of the insufficient
number of enrolled patients with this mode of stimula-
tion to achieve statistical significance. In addition, eight
(26.6%) of our patients received a device with a special al-
gorithm for treating reflex syncope. This algorithm allows
rapid increasing of heart frequency in case of significant
drop in heart rate and thus prevents vasodilatation, a drop
in blood pressure, and, finally, the occurrence of syncope
[10, 11]. However, it is accepted that timely detection of
paradoxical neural reflex, which is responsible for the oc-

currence of vasovagal syncope, at its afferent part, is most
important for preventing syncope. Thus, the traditional
function of pacemaker, preventing bradycardia develop-
ment and acting at the efferent part of the neural reflex, is
changed. Based on this idea, new pacemaker algorithms,
which allow the pacemaker to react in accordance with
cardiac contraction dynamics, measuring the change in in-
tracardiac impedance, are developed. Increased myocardial
contractility, that occurs in the initial pathophysiological
segments of the development of vasovagal syncope, due to
increased releasing of catecholamines and still insufficient
venous return in the right ventricle, can be detected [12,
13, 14]. This allows us to stop the vicious circle that leads
to the occurrence of vasovagal syncope with the pacing at
this, afferent part of paradoxical reflex. In our study, only
one patient with an implanted device with this special al-
gorithm had syncope during the follow-up period. Unfor-
tunately, in our center, we have not had the opportunity
to implant more pacemakers with this algorithm, but we
believe that their use in the future will improve the results
of pacing therapy in this indication. Relatively high per-
centage of symptom recurrence in our study population
must be considered from the viewpoint of the length of the
patient’s follow-up. Described studies had, in most cases, a
twelve-month follow-up, and we had an average follow-up
of 5.9 £ 3.0 years, which provides greater significance to our
results. Additionally, mean age of our patients was under
49 years and was significantly lower than in other stud-
ies. Even before our study, many researchers questioned
whether vasovagal syncope in the elderly had different
pathophysiological mechanisms of development compared
to younger people and whether that could provide greater
efficacy of pacing therapy in this indication. Therefore, they
noted that studies which promote the importance of pace-
maker therapy in management of vasovagal syncope had
enrolled patients with mean age significantly higher than
that in studies whose results have challenged the effective-
ness of pacing in this indication [15]. It should be noted
that the nature of symptoms was different in patients who
continued to have syncope after the pacemaker implanta-
tion. These patients stated that syncope after the pacemaker
implantation compared to those before the intervention
were less sudden, preceded by prolonged prodromal symp-
toms; also, none of these patients sustained any injures.

It is important to mention major conclusions of the
meta-analysis, which included nine studies that assessed
the role of pacemaker therapy in treatment of patients with
vasovagal syncope, and which was published in 2007 [16].
In addition to the known fact that in the group of dou-
ble-blind studies it is not possible to prove the efficacy of
pacing therapy;, it is also highlighted that results were not
significantly changed when research was limited only to
patients with cardioinhibitory type of vasovagal syncope
confirmed during the HUTT [16]. In our study, however,
three (15%) patients with cardioinhibitory type of disease
had syncope and we showed that syncope after pacemaker
implantation is statistically less likely to occur in patients
with cardioinhibitory type of vasovagal syncope than in
those with mixed type of the disease.
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It is necessary to develop new ideas that will lead to
better selection of patients with vasovagal syncope, who
will gain from the pacemaker therapy. One such idea, used
in our study, is related to the early implantation of ILR
in patients with recurrent vasovagal syncope, in order to
select patients with highly suspected cardioinhibitory type
of disease, and then based on ILR records determine spe-
cific therapy [17]. Therefore, ILR is implanted in patients
with recurrent vasovagal syncope and then the patients are
observed for any development of significant bradycardia
or significant asystolic pauses, which would be the indi-
cation for pacemaker implantation. In two large studies,
ISSUE 2 and ISSUE 3, the rate of symptom persistence in
a group of patients with an implanted pacemaker and in
those without specific therapy, was compared [18, 19]. In
both studies, with ISSUE 3 being a double-blind study with
a placebo control group, statistically significant reduction
of absolute and relative risk of symptom persistence in pa-
tients who were under specific therapy was demonstrated
[18, 19, 20]. In our study, this new approach to patient
selection, by early implantation of an ILR, was applied in
10 patients, and two (20%) of them had syncope during
the follow-up period.

Our results indicate that pacemaker implantation is a
safe procedure. There were two (6.7%) perioperative sur-
gical complications, and a reintervention was required in
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[la A1 je nejcmejKep Tepanuja NpaBo peliere 33 bonecHuKe ca Ba3oBaraHOM

CMHKONMOM?

Hukona H. PagoBaHosuh', bpatucnas KuphaHcku', Cphat Pacnonosuh’, CuHuwa Y. Maenosuh'? Bennbop JoBaHoBuh',

lopaH MunaiwmHoBuh'?

'KnuHnukn ueHtap Cpbuje, Mejcmejkep LeHTap, beorpap, Cpbuja;
2YHuBep3uTeT y beorpagy, MeguunHckn dakynter, beorpag, Cpbuja

KPATAK CALIPXKAJ

YBop Ba3zoBaranHe cMHKone npefcTaB/bajy Hajuewhu Tun pe-
dnekcHKx cuHKona. MocToje 6pojHe anneme Be3aHe 3a fieyetbe
60onecH1Ka ca Ba3oBarajlHoM CYHKOTOM, a NejcMejkep Tepanuja
y 0BOj MHAMKALMjL je joL YBEK KOHTPOBEP3Ha.

Lwmb paga Liwb paga je 6uo aa ce ucnuta eduKacHoCT 1 6es-
6efHOCT NnejcMmejkep Tepanuje y nevekby 60necHrKa ca Baso-
BaraJiHoOM CVHKOMOM, Aia ce NPOLieHN AOMPUHOC HOBMX Tepa-
nnjckmx mofena noseharby HeHe YCnewHOCT 1 ia Ce OApeae
dakTopy pr3mka nosesaHu ca nosehaHom yyectanowwhy cumn-
TOMa HaKoH yrpagtbe nejcmejkepa.

Metopae paga PeTpocnekTBHOM CTyaujom obyxsaheHo je 30
6onecH1Ka ca Ba3oBarajlHoM CYHKOMOM Kojuma je y Mejcmejkep
ueHTpy KnuHnukor uentpa Cpbuje y beorpagy og HoBembpa
2003. roguHe po jyHa 2014. roguHe yrpaheH TpajHu aHTopaau-
KagHu nejcmejkep. [lnjarHo3a je noctaB/beHa Ha OCHOBY pe3yJi-
TaTa head-up tilt Tecta. YKibyueHu cy 60necH1LM ca AnjarHO30M
KapavOVHXMOMTOPHOT 1 KOMOVHOBAHOT TvMa 6onecTu.
Pesyntatu [poceyHa cTapocT 6onecHvika 6una je 48,1 + 11,1

MpumrbeH « Received: 16/10/2015

PeBu3uja « Revision:14/03/2016

roaviHa, a 18 (65,0%) 6onecHuka je 6uno mywkor nona. Mpo-
ceyaH nepwuog npaherba n3HocKo je 5,9 + 3,0 roguHa. Kog 10
(33,3%) 6onecHvKa Hajnpe je yrpaheH nmnnaHTabuntHu loop
pekopaep. Kog 20 (66,7%) 6onecHuKa NocTaB/beHa je Auja-
rHO3a KapAnouHXMOUTOPHOT, a Kog 10 (33,3%) KombuHoBaHOT
Tna 6onectn. Y nepriogy npaheta 11 (36,7%) 6onecHuka je
1Marno cHkony. Koprctehu Myntvnny norucTuyKy perpecuoHy
aHanu3y, nokasasnm cMo Aa ce CMHKOMa HaKoH yrpage nejcmej-
Kepa yelwhe jaBrbana Ko 60necHNKa ca KOMOUHOBAHUM TUMOM
6onectn (p = 0,018). PernctpoBaHe cy aBe (6,7%) nepunpotie-
JypaJiHe XMpypLLKe KoMnavKaLumje.

3akyuak ejcmejkep Tepanuja je 6e36eaHa MeToaa neyetba
60necHVKa ca Ba3oBarajHOM CYHKOMOM, Yuja edmKacHOCT
Mo>Ke 61T yHanpeheHa puroposHom cenekuujom 6onecHuKa.
[MoKasanu cmo fja ce HaKoH yrpafe nejcmejkepa CMMATOMMU
CTaTMCTUYKM Yelwhe jaBrbajy Kog 6o5iecHrKa ca KOMOMHOBAHM
TUMOM Ba3oBaranaHe CUHKoMe.

KmbyuHe peun: Ba3oBarasiHa CYHKOMa; NejcMejkep Tepanyja;
head-up tilt Tect
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SUMMARY

Introduction Liver diseases with disturbances of hepatic and splanchnic circulation lead to the portal
hypertension, with or without a portal vein thrombosis.

Objective This study was based on the testing of hypothesis that more data and more precise diagnosis
in patients with disorders of portal circulation can be obtained by using color Doppler ultrasonography
(CDU) and computed tomography (CT) with contrast.

Methods The study was conducted from February 2011 to May 2014 and it comprised 120 patients
who were suspected to have portal hypertension or already had clinical confirmation of the portal hy-
pertension, patients with hepatitis, and some patients with hematological diseases. The first group of
40 patients was examined by conventional ultrasonography and CDU, the second group by contrast CT,
and the third group of patients was examined by both methods (CDU and contrast CT). After six months
of adequate therapy, the patients had control examinations with the same diagnostic technique used
during their first examination.

Results Retrospective analysis showed that CDU is more sensitive than CT in the assessment of pres-
ence and age of thrombi (CDU 93.9%; CT 86.1%). CT gives precise data in detection of portosystemic
collaterals. Sensitivity of CT is 100% and its specificity is 67%. Cumulative sensitivity and specificity for
most parameters were increased in patients with portal hypertension when both methods were applied.
Conclusion This study emphasizes the possibility of early and more accurate diagnosis achieved when
combining two radiological techniques (CDU and contrast CT scan), which is not the case when these
methods are used separately.

Keywords: color Doppler ultrasonography; portal hypertension; portal thrombosis; computed tomog-
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INTRODUCTION

A hepatic circulation supplies blood to the liver
parenchyma through the portal vein and the
hepatic artery. The blood-supplying hepatic
vessels are separated and independent. Only
at the level of the liver acinus, as the function-
al unit, there is communication with hepatic
veins and drain circulation system. In terms
of understanding hemodynamic changes in
portal-portal and portal-systemic circulation,
it is very important to know this anatomical
characteristic and its varieties. [1]. Portal hy-
pertension occurs as a result of morphological
changes at the level of parenchyma, which leads
to increased resistance and pressure in the por-
tal venous system. The most common causes
of portal hypertension are diffused histopatho-
logical changes in liver parenchyma, vascular
processes of the hepatic vein, decompensation
of the right heart, etc. The specific etiological
entities that cause portal hypertension include
Budd-Chiari and Cruveilhier-Baumgarten
syndrome. Increased vascular resistance in the

portal circulation may occur at prehepatic, in-
trahepatic, and posthepatic levels [1-3]. Clini-
cal diagnosis of portal hypertension is based on
anamnesis, laboratory analysis, and endoscopy
[4]. In daily practice it is necessary to intro-
duce radiological non-invasive diagnostic tech-
niques [ultrasonography (US), color Doppler
ultrasonography (CDU), computed tomog-
raphy (CT) with contrast administration, or
magnetic resonance imaging (MRI)]. Invasive
diagnostic techniques such as conventional
or digital angiography with direct or indirect
presentation of the portal vein are also used.
Invasive diagnostic techniques have been sup-
pressed by the development of non-invasive
diagnostic techniques, i.e. CDU, CT, and MRI,
which are now used for definitive determina-
tion of pathological changes of the liver and
the portal circulation. The main advantage of
CDU is its possibility to determine the mor-
phologic and hemodynamic parameters which
are classified as qualitative, quantitative, and
semi quantitative [5]. These parameters allow
us to determine the presence and direction of
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Figure 1. Color Doppler ultrasonography - obstructed lumen by
thrombus of dilated portal vein

flow in it and in its feeding branches, as well as in collater-
als developed due to the portal hypertension.

Some of the signs of portal hypertension are the follow-
ing: increased portal vein diameter (more than 13 mm),
portal vein thrombosis (Figures 1 and 2), the presence and
the detection of portosystemic collaterals. Increased diam-
eter of the perigastric collaterals that exceeds 6-7 mm is
a highly sensitive sign of portal hypertension; however, it
is very rare and is seen in approximately 26% of patients
with liver cirrhosis [6-10]. CT with contrast administra-
tion is a highly sophisticated diagnostic technique for
displaying portal circulation. The advantage of CT scan
compared with CDU is its high sensitivity and specificity
in showing morphologic changes — both distal and proxi-
mal from location of the portal vein thrombosis, as well
as existence of collaterals. X-ray radiation, iodine contrast
agent and inability to determine the speed and direction
of flow through blood vessels make CT inferior to CDU.
MRI is used in situations when radiologist estimates that
CDU and contrast CT scan data are insufficient for evalu-
ation, or when there is a discrepancy in the findings of the
previously mentioned techniques.

This study provides original contribution to the field
of radiology in our region as it points to the possibility of
early and accurate diagnosis when using combined radio-
logical techniques (CDU and contrast CT scan), which is
not the case when using these techniques separately.

OBJECTIVE

This study was based on the testing of hypothesis that
more data and more precise diagnosis in patients with
disorders of portal circulation can be obtained by using
CDU and CT with contrast. CDU was used as it shows
hemodynamic parameters for early detection of portal
hypertension, while CT with contrast was used as it is a
technique that provides accurate data on morphological
changes, especially in the detection of collateral network
and any obstruction caused by thrombosis. With adequate

Figure 2. Contrast CT scan - portal thrombosis

selection of diagnostic and therapeutic algorithm, and
with sophisticated choice of patients, what is achieved by
combining CDU and contrast CT is that patients are not
exposed to the unnecessary radiation. It has been found
that the cumulative sensitivity and specificity of the tested
parameters is greater, which justifies the combination of
these diagnostic techniques. A relatively small number of
articles have been published regarding this topic.

METHODS

The study was designed as a prospective study that com-
prised 120 patients with liver disease and with high suspi-
cion of portal hypertension. The study included patients
who had a clinical diagnosis of liver cirrhosis, hepatitis,
portal vein thrombosis, liver tumor, and/or splenomegaly
caused by liver disease. The most frequent complications of
portal hypertension were bleeding from gastroesophageal
varices and ascites in patients with cirrhosis. Patients were
divided into three equal groups comprising 40 patients each:

Group 1 - patients examined only by US and CDU;

Group 2 - patients examined only by contrast CT scan,
and

Group 3 - patients examined using both CDU and CT.

All three groups had control examinations after six
months of therapy and were examined by the same di-
agnostic technique used during their initial examina-
tion. The main inclusion criterion was clinical diagnosis
of portal hypertension. The main exclusion criteria were
low level of suspicion of portal hypertension, patients with
renal insufficiency, and patients under the age of 30.

For statistical analysis we used Statistical Package for
Social Sciences software — SPSS 21 for Windows (IBM
Corp., Armonk, NY, USA). The analysis used standard
methods of descriptive and differential statistics. Numeri-
cal characteristics are shown by mean values (arithmetic
mean) and a measure of variability (range of values, stan-
dard deviation) and attributive characteristics by using
frequencies and percentages.
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Comparison of numerical values of characteristics be-
tween the groups was performed using Student’s t-test;
statistically significant values are considered to be at the
level of p < 0.05. The results are presented in tables.

RESULTS

At the Center of Radiology, Clinical Center of Vojvodina,
Novi Sad, Serbia, during a period of three years patients
with symptoms of gastrointestinal disease and/or biliary
tract disease and patients with hematological symptoms
were examined using conventional ultrasonography with
CDU on Logiq 7 (GE Healthcare, Chicago, IL, USA) ma-
chine with a 3.5 MHz probe, and with multislice com-
puted tomography using SOMATOM Sensation Cardiac
64 (Siemens Healthcare GmbH, Erlangen, Germany). A
greater number of males were included in the study, i.e.
there were 86 (71.7%) males and 34 (28.3%) females. The
age of the patients is presented in Table 1. Percentage of
patients with the diagnosis of liver cirrhosis amounted to
63.3%, of which 95% was of alcoholic etiology, while the
remaining 5% of patients were with biliary, cryptogenic,
and immunogenic cirrhosis (Table 2).

At the first examination, in the first group of patients
diagnosed using CDU, the average value of the diameter
of the portal vein was 12.73 mm, and at the control ex-
amination after six months the average lumen width was
12.05 mm. There was a statistically significant difference
in the values of measurements (t = 2.859, p < 0.01). The
results of CDU parameters are presented in Table 1. At the
first examination, the average flow rate through the portal
vein was 0.18 m/s, and at the control examination after six
months it was 0.21 m/s. There was a statistically signifi-
cant difference in the values of measurements (t = -3.269,
p < 0.01). An important parameter in the assessment of
portal hypertension is certainly a “congestion index” (CI)
of the portal vein. The “congestion index” is used to mean
the ratio between the cross-sectional area (cm?) and the
blood flow velocity (cm/s) of the portal vein, as deter-
mined by a CDU [11]. It is used for identification of the

Table 3. The results of values obtained by color Doppler ultrasonography (CDU) and by multi-slice computer tomography (MSCT) separately

initial state of portal hypertension. CI values (cm x s) at
the first examination and at the control examination after
six months were displayed as increased CI (Table 3).

At the first examination, in the second group of patients
examined only by contrast CT scan, the average value of
the diameter of the portal vein was 14.21 mm, and at the
control examination after six months the average lumen
width was 12.75 mm. There was a statistically signifi-
cant difference in the values of measurements (t = 3.121,
p <0.01). The parameters in surveying by contrast CT scan
are presented in Table 3.

The third group of patients was examined by using both
techniques, i.e. CDU and contrast CT, and the parameters
are presented in Table 4. The average value of the diameter
of the portal vein at the first examination was 12.65 mm
when done by CDU and 13.42 mm when done by CT. At
the control examination after six months the average lu-
men width was 12.57 mm when done by CDU and 13.17
mm when done by CT. There was a statistically significant
difference in the measurement of the average diameter of
the portal vein at the first examination between the values
determined by the CDU and CT (t = -2.215, p < 0.05).

Table 1. Age distribution of patients

Age groups (years) Number of patients
16-25 1

26-35 3

36-45 6

46-55 29

56-65 61

66-75 20

Table 2. Percentage of patients with referred diagnosis

Referred diagnosis %

Liver cirrhosis 63.3
Thrombosis of the portal vein 10.0
Hepatitis Band C 9.2
Portal hypertension 7.5
Thrombosis in the mesocaval shunt 33
Cavernous transformation 33
Preparation for transplantation 33

Values obtained by CDU Values obtained by MSCT

Parameter First exam Follow-up at 6 months First exam Follow-up at 6 months

N % N % N % N %
Increased diameter of the portal vein 1 27.5 7 17.5 23 57.5 9 225
Thrombosis of the portal vein 1 2.5 2 5.0 12 30.0 5 12.5
PV flow - reduced 32 80.0 25 62.5 - - - -
Congestion index - increased 12 30.0 4 10.0 - - - -
Hepatopetal flow 37 92.5 37 92.5 - - - -
Hepatofugal flow 2 5.0 2 5.0 - - - -
Flow not respiratory-dependent 31 77.5 29 72.5 - - - -
Presence of portosystemic collaterals 2 5.0 2 5.0 28 70.0 28 70.0
Absence of portosystemic collaterals 38 95.0 38 95.0 12 30.0 12 30.0
Increased diameter of the splenic vein 28 70.0 14 35.0 10 25.0 5 12.5
Increased AP diameter of the liver 18 45.0 13 325 30 75.0 24 60.0
Increased AP diameter of the spleen 25 62.5 21 525 25 62.5 15 375

N — number of patients; PV — portal vein; AP — anterior-posterior diameter

doi: 10.2298/SARH1612602N
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Table 4. The results of values receive by using color Doppler ultra-
sonography (CDU) and contrast multi-slice computer tomography
(MSCT) together

CDU + MSCT

. Follow-
Parameter First exam at% ri.nonl:fls

N % N %
Increased diameter of the portal vein 13 | 325 9 22.5
Thrombosis of the portal vein 6 150 | 4 10.0
Presence of portosystemic collaterals 3 7.5 3 7.5
Increased diameter of the splenic vein 5 12.5 5 12.5
Increased AP diameter of the spleen 24 | 600 | 24 | 60.0
Increased AP diameter of the liver 28 | 700 | 25 | 625

N — number of patients; AP — anterior-posterior diameter

No significant difference in diameter measured by CDU
and CT (t = -1.220, p > 0.05) was observed at the control
examination (Table 4).

DISCUSSION

Lumen width of the portal vein was checked in patients
who underwent only the CDU examination. The results
from this study are consistent with the results of Haag et
al. [12]. In a group of 375 patients with liver cirrhosis, who
were examined by CDU, Haag et al. [12] found that 112
(30%) patients had expanded lumen of the portal vein,
as was found to be the case in our study as well. Our re-
search showed that the sensitivity of CDU in the measure-
ment of the width of the lumen was 85.7% and specificity
97.1%. Lim et al. [13] found that portal vein thrombosis
is the most common cause of portal prehepatic hyperten-
sion. The authors state that idiopathic thrombosis is rare,
but that it is always a complication of other diseases and
syndromes. The three causes of thrombosis of the portal
vein identified in our study, ordered in their frequency of
occurrence, are as follows: liver cirrhosis, hepatocellular
carcinoma, and Budd-Chiari syndrome. Since the mid-80s
of the 20th century, several studies have been published
regarding the functional measurement of portal flow veloc-
ity [14-16]. In our study, after the first CDU examination,
32 (80%) patients were found to have decreased flow due
to portal hypertension determined by standardized clini-
cal protocols according to Child-Pugh classification [17].
At the control examination after six months, a reduced
flow rate was found in 25 (62.5%) patients. This improve-
ment of the flow rate (80% vs. 62.5%) can be explained by
a good therapeutic response of the patients to the treat-
ment. Similar data in the literature have not been found.
An inverse or hepatofugal flow is one of the indicators of
the portal hypertension, which may be registered in some
or all of the segmental veins. Our research showed that at
the first and at the control CDU examination hepatofugal
flow was diagnosed in 2 (5%) patients. Survey data are ap-
proximate to the results of the study conducted by Gaiani
et al. [18], where out of 228 patients, 68 (3%) had hepa-
tofugal flow. Portosystemic shunt can be seen in 80-90%
of patients with portal hypertension [19-21]. Most often,
the CDU could register flow in dilated umbilical vein, in

gastroesophageal and splenorenal collaterals, as well as in
mesenteric collaterals, which are very rare [22-26]. In our
study, in both examinations, CDU showed low sensitiv-
ity of 6.7%, while specificity was 100%. The sensitivity of
CDU was low, as most of the patients were inadequately
prepared, i.e. they were meteoristic and/or had large ascites,
which made visualization of organs difficult, particularly
the presence of portosystemic collaterals. The duration of
the hemodynamic disturbances affects the value of the CI
as the pathological changes in vein progress, unless the
adequate therapeutic treatment is applied [27]. In a study
of 64 liver cirrhosis patients conducted by Moriyasu et al.
[27] sensitivity was 55%. Sensitivity recorded in our study
was 47.1%, which is slightly lower when compared to the
results of Moriyasu et al. [11]. This difference is most like-
ly due to the fact that the patients had varying degrees of
damage of the liver parenchyma and variously developed
portosystemic collaterals, which could affect differences in
flow rate and thus the CI. In portal hypertension the flow
is slow and complete loss of oscillation is observed, the
curve is not respiratory dependent [28]. Results from our
study correlate with the research of Safak et al. [29], which
showed that 70% of patients did not have the respiratory-
dependent flow. This stipulated fact indicates that ultra-
sound is a primary diagnostic technique in determination
of the diameter of lienal vein in patients with portal hyper-
tension. Sensitivity of this study was 80% and specificity
was 93.3%. Splenomegaly is a common finding in patients
with portal hypertension. Ultrasonography has high sensi-
tivity (92%) and specificity (100%) in case of splenomegaly,
as determined in our research, which correlates with the
literature, which quotes similar results, i.e. sensitivity 95%
and specificity 98% [30]. A combination of the two diag-
nostic techniques (CDU and contrast CT scan) gives more
precise information on the morphology and hemodynamic
changes in patients with portal hypertension, which is not
the case when these techniques are used separately. In
Group 3, in patients examined by CDU and CT, the diam-
eter of the portal vein showed that the cumulative sensitiv-
ity was 93.3% and the specificity was 100%. Furthermore,
sensitivity and specificity for the presence of thrombus in
the portal vein and splenomegaly was 100%. In measuring
the width of lienal vein lumen, the cumulative sensitivity
was 71.5% and specificity was 100%. The study previously
mentioned intra-and extrahepatic portosystemic collateral
in patients with portal hypertension [31, 32]. In determina-
tion of portosystemic collaterals, we found that cumulative
sensitivity of CDU and CT was 41.9% and specificity was
100%. Low cumulative sensitivity of both techniques in the
diagnosis of portosystemic collaterals can be explained by
low sensitivity of CDU, which directly affects cumulative
value and is caused by the previously mentioned reasons
regarding difficult visualization by CDU (due to presence
of gas, ascites, etc.). Similar data was stated by Nelson et al.
[33] in their study of 64 patients, where they had a good
correlation in diagnosing esophageal varices found in 68%
of the patients, while the percentage of patients with splenic
and spleno-renal varices was significantly lower and was
found in 22% of the patients.
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CONCLUSION

The advantage of CDU is possibility to determine the
morphologic and hemodynamic parameters. These pa-
rameters allow us to determine the presence and direc-
tion of flow. CT with contrast administration is highly
sophisticated diagnostic technique in the detection of
morphologic changes like collateral network and any ob-
struction caused by thrombosis. X-ray radiation, iodine
contrast agent, and inability to determine the speed and
direction of flow through the blood vessels make CT in-
ferior to CDU. A cumulative sensitivity and specificity in
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KPATAK CALIP>KA)J

YBop O6oretba jeTpe npaheHa nopemehajem jeTpeHe v cnnax-
XHUYHE LMpKyaLwje n3asunsajy NopTHY XUNepTeH3ujy, ca TPOM-
6030M BEHe nopTe 1im 6e3 tbe.

Uwm papa OBo ncnutuBatbe je 3aCHOBaHO Ha MPOBEPU XU-
notese o fobujary Beher 6poja nogataka 1 NpeLnsHujer no-
CTaB/batba AujarHo3e Kof 6onecHrika ca nopemehajem noptHe
LMpKynaumje koprwherwem Konop Aonmniep yaTpacoHorpa-
duje (KOY) n KoHTpacTHe KomnjyTepur3oBaHe Tomorpaduje (KT).
MeTtope papa VictpaxuBatbe je 06yxBatnno 120 6onecHuKa,
o debpyapa 2011. fo mMaja 2014. rogunHe, ca CyMibOM uniu Beh
KIMHUYKM NOTBPHEHOM NOPTHOM XuMnepTeH3ujoM, bonecHmKe
Ca XenaTuTCOM U HeKONMKO 6oNecHMKa ca XeMaTONOLKNM
obosberbuma. MpBa rpyna op 40 6onecHuKa je npernefaHa
KOHBEHLMOHanHoM yntpacoHorpadujom n KAY, apyra rpyna
KoHTpacTtHuM KT 1 Tpeha rpyna 6onecHvika je npernefaHa y3
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nomoh o6e metoge (KAY n koHTpacTHMM KT). LLect meceum Ha-
KOH MPVIMEH-EHe afieKBaTHe Tepanuje HauMHEHN Cy KOHTPOJTHN
npernegu.

Pesyntatmn PeTpocneKkTvBHa aHanu3a je nokasana fa je KAY
oceTbuByja of KT y mpoLeHn NocTojakba 1 CTapocTy TpoMba
(KAY 93,9%, KT 86,1%). KT gaje npeuunsHe nogatke y oTKpu-
Batby noprocucteMckmx konatepana. Ocembusoct KT je 100%,
a cneuyndnyHocT 67%. KymynatriBHa 0CceT/bMBOCT 1 cneluduy-
HocT y BehuHM napameTapa cy noBehaHe y ogHOCY Ha MeToge
MOHa0C06.

3akrpyyak OBa cTyamja ncTrye MoryRHOCT NoCTaB/batba paHe
1 Npeur3Huje AnjarHo3e KOMOMHOBakeM AiBe ANjarHOCTNYKe
metoge (KAY n KT ca MHTpaBEHCKUM KOHTPaCcTOM), WITO Huje
C/lyyaj Kafa ce Te MeTofe NpuUMetbyjy NojeanHayYHo.
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SUMMARY

Introduction Vascular calcifications (VC) are common in patients with chronic kidney disease and present
one of manifestations of mineral and bone disorders in these patients.

Objective The aim of this pilot study was to examine the prevalence and risk factors of VC in pre-dialysis
patients with Balkan endemic nephropathy (BEN) and other kidney diseases.

Methods The study involved 32 pre-dialysis patients, 15 with BEN and 17 with other kidney diseases. All
the patients underwent an interview, objective examination, routine laboratory analyses and measure-
ment of serum concentration of intact parathyroid hormone (iPTH), 25-hydroxyvitamin D3 [25(0H)D3]
and osteopontin. VCs in iliac, femoral, radial, and digital arteries were evaluated and Adragao VC score
was calculated. The samples of radial artery were collected during the first creation of an arteriovenous
fistula, and expression of osteocalcin, bone morphogenic protein-2 osteopontin, and matrix Gla-protein
in arterial wall were examined.

Results Patients with BEN were significantly older (71.1 £ 6.1 vs. 54.7 £ 11.1 years), but they had signifi-
cantly lower systolic and mean blood pressure (95.7 + 13.2 mmHg vs. 104.3 £ 7.4 mmHg) and lower serum
concentration of phosphorus (1.32 + 0.36 mmol/l vs. 1.65 £ 0.35 mmol/l) and cholesterol (4.3 + 1.1 mmol/I
vs. 5.2 £ 0.8 mmol/l) than patients with other kidney diseases. Mean VC score was significantly lower
in patients with BEN than in those with other kidney diseases (2.8 + 1.7 vs. 4.6 + 1.8; p = 0.009), but
expression of four examined proteins in arterial wall differed insignificantly between the two groups.
VC score correlated significantly with serum concentrations of cholesterol, triglycerides (positively), and
iPTH (negatively).

Conclusion Pre-dialysis BEN patients had a significantly lower mean score of VC than patients with other
kidney diseases.

Keywords: vascular calcification; pre-dialysis patients; Balkan endemic nephropathy

INTRODUCTION the process of bone calcification. This process
presents a series of complex biochemical and
cellular events in which a number of regulatory
proteins that induce or inhibit the deposition
of minerals in the blood vessels actively par-
ticipate [4-7].

In BEN as chronic tubule-interstitial disease

Balkan endemic nephropathy (BEN) is a fa-
milial, chronic, tubule-interstitial disease that
occurs in limited areas of the Balkan Peninsula.
The disease is usually without symptoms, pro-
gresses slowly and today is mainly revealed in

Correspondence to:

Nenad PETKOVIC

Fresenius Medical Care Dialysis
Center

Cara Dusana 70

76230 Samac

Republic of Srpska

Bosnia and Herzegovina
nenad.petkovic@fmc-ag.com

the sixth decade of life [1, 2]. Therefore, the
diagnosis is usually reached in the advanced
stage of the disease when tubular disorders,
metabolic disorders characteristic for chronic
renal failure including mineral and bone dis-
orders as well as moderate hypertension and
anemia are also present.

Vascular calcifications (VC) are common in
patients with chronic kidney disease and repre-
sent a significant predictor of both general and
cardiovascular mortality [3, 4, 5]. Pathogenesis
of VC has been the subject of many studies that
have found its association with mineral metab-
olism disorders and renal bone disease [5, 6].
Today, it is considered that VC is not the result
of passive deposition of calcium phosphate,
but the result of an active process similar to

hyperphosphatemia, one of the main patho-
genic factors of VC is uncommon even in pa-
tients on regular hemodialysis [8]. It could be
proposed that the prevalence of VC in BEN is
lower than in other diseases, although there is
no published information on this topic.

OBJECTIVE

The aim of this pilot study was to compare
prevalence of VC and factors that may con-
tribute to their development in pre-dialysis
patients with BEN and other kidney disease.
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METHODS
Patients

The study involved 32 patients in the fifth stage of chronic
kidney disease before starting dialysis treatment, examined
at the moment of creation of arteriovenous fistula. The pa-
tients were divided into two groups; the first consisted of 15
patients with BEN as primary kidney disease, and the sec-
ond of 17 patients with other kidney diseases (glomerulo-
nephritis in six, diabetic nephropathy in four, pyelonephritis
in four, and three patients with other kidney diseases). Dur-
ing the interview and objective examination, the following
data of all the patients were registered: age, sex, duration of
chronic kidney disease, and a risk factor of cardiovascular
diseases (hypertension, diabetes mellitus, dyslipidemia, and
smoking), body mass index, blood pressure.

Laboratory analyses

Hemoglobin level as well as serum concentrations of cal-
cium, phosphorus, alkaline phosphatase, iron, total choles-
terol, LDL cholesterol, and triglycerides were measured by
standard laboratory methods. Serum concentration of intact
parathyroid hormone (iPTH) was measured by immuno-
chemiluminescent method on Cobas 6000 modular (Roche
Diagnostics International Ltd., Rotkreuz, Switzerland) (nor-
mal value: 15-65 pg/ml), 25-hydroxyvitamin D3 [25(OH)
D3] by electrochemiluminescence immunoassay - ECLIA
on Cobas 6000 modular (normal value: 75-250 ng/ml) and
osteopontin by ELISA technique using sandwich human
osteopontin ELISA kit (Abcam plc., Cambridge, United
Kingdom) and Microplate Reader RT-2100 C (Rayto Life
and Analytical Sciences CO. Ltd., Shenzhen, China) (nor-
mal value 25 ng/ml). Glomerular filtration rate (eGFR) was
estimated by the MDRD equation: eGFR = 175 x serum-
creatinine > x age®2” x 0.742 (women) [9].

Radiological examinations

VGCs in the iliac, femoral, radial, and digital arteries were
evaluated by one radiologist (S.R.) in plain radiographic
films of pelvis and hands in all examined patients. A sim-
ple VC score was calculated as described by Adragao et al.
[10]. In brief, radiographic films of the pelvis were divided
into four sections by two lines - a horizontal line over the
upper limit of both femoral heads, and a vertical line along
the middle of the vertebral column. The films of each hand
were divided by a horizontal line over the upper limit of
the metacarpal bones. The presence of linear calcifications
in each part of the film was counted as 1, and its absence as
0. The VC score was the sum of scores in all parts of films
ranging from 0 to 8. VC were quantified as 0 = no calcifica-
tion, 1-3 = mild calcification, and >4 severe calcification.

Histopathological analysis

A sample of radial artery, 3-5 mm in length, was collected
during the first creation of arteriovenous fistula for he-

modialysis access. The sample was fixed in buffered for-
malin for 12-24 hours, then processed and embedded in
paraffin. The sections of 5 pm were used for immunobhis-
tochemical analysis done by an experienced pathologist
blinded to the clinical data. To demonstrate the expres-
sion of osteocalcin, bone morphogenic protein-2 (BMP-2),
osteopontin and matrix Gla-protein (MGP) in the wall of
the artery, immunohistochemical staining with the follow-
ing human-specific antibodies was used: rabbit polyclonal
antibodies to osteocalcin, BMP-2, and MGP, and rabbit
monoclonal antibody to osteopontin, all produced by
Abcam, Cambridge, United Kingdom. Protein expression
was quantified using a semi-quantitative scoring system
(0 = no expression; 1 = weak or moderate focal or diffuse
weak expression; 2 = high focal or moderate diffuse ex-
pression; 3 = high diffuse expression) in high-power fields
(%200 magnification). Scores of 0 and 1 were considered to
be a negative finding, and scores 2 and 3 positive.

Statistical analysis

Continuous variables are presented as mean and standard
deviation, and categorical as frequencies. The Student’s
t-test was used to assess differences between continu-
ous variables and the x> and Fisher’s exact test between
categorical variables, as appropriate. Correlation between
continuous variables was calculated using Pearson’s linear
correlation coefficient, and correlation between categori-
cal variables by Cramer’s phi coefficient. All analyses were
performed using the SPSS Statistics for Windows, Version
21.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Table 1 presents the main characteristics of the patients
studied. Patients with BEN were significantly older than
patients with other kidney diseases and had significantly
lower systolic blood pressure as well as mean blood pres-
sure (95.7 + 13.2 mmHg vs. 104.3 + 7.4 mmHg; p = 0.037).
All but two patients in each group had hypertension and
were treated with antihypertensive drugs, more frequently

Table 1. The basic characteristics of the studied patients

Patients

Characteristics i
st With Be | . With other P
kidney diseases

Number of patients 15 17
Sex — male 1 9 0.234
Age (years) 71.7 £ 6.1 547 +11.1 <0.0001
BMI (kg/m?) 250+3.2 248 +5.1 0.903
Systolic BP (mmHg) 13351223 151.5+ 145 0.014
Diastolic BP (mmHg) 76.9+89 79.2 +£8.1 0.439
Duration of CKD (years) | 3.5+2.5 4.1+28 0.543
CaCo, (No. of patients - 13 0838
treated)
Calcitriol (No. of
patients treated) 15 7 10

BEN - Balkan endemic nephropathy; BMI - body mass index; BP - blood
pressure; CKD - chronic kidney disease
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Table 2. Comparison of laboratory findings between patients with
Balkan endemic nephropathy (BEN) and other kidney diseases

Patients

Laboratory findings with BEN kidwng; gitS};?-ses p

fﬁ;ﬁnmﬂ*‘% m) 14528 7515 | 0759
Calcium (mmol/l) 240+0.24 2.33+0.15 0.298
Phosphorus (mmol/l) 1.32+£0.36 1.65 £ 0.35 0.015
Ca x P (mmol%/I?) 3.19+0.98 3.81+0.78 0.059
Alkaline phosphatase (U/l) | 74.5 +£25.4 86.2 +22.7 0.179
PTH (pg/ml) 188.6+1054 | 150.0+115.6 | 0.331
Vitamin D (ng/ml) 51.1+£22.1 53.0+23.1 0.809
Osteopontin (ng/ml) 59.2+325 87.3+829 0.211
Cholesterol (mmol/l) 43+1.1 52+0.8 0.049
LDL cholesterol (mmol/l) 24+0.8 26+0.6 0.457
Triglycerides (mmol/l) 1.9+09 23+08 0.134
Hemoglobin (g/1) 1143 +10.5 116.1 +8.1 0.575
Iron (umol/I) 13.6+£5.3 153+6.6 0.446

eGFR - estimated glomerular filtration rate; MDRD - Modification of Diet in
Renal Disease; PTH - parathormone; LDL - low-density lipoprotein

with angiotensin-converting enzyme inhibitors. The dif-
ferences between the two groups in body mass index,
diastolic blood pressure, and duration of chronic kidney
disease were not significant.

The results of laboratory analyses are presented in Table
2. There was no significant difference in eGFR between the
two groups. Patients with BEN had a significantly lower
serum concentration of phosphorus and cholesterol than
patients with other kidney diseases, while the difference in
the product of phosphorus and calcium was on the border
of statistical significance. No statistical significance was
found between the two groups in other laboratory find-
ings. It should be noted that although mean serum calcium
concentration was near the upper limit of target range pro-
posed by The National Kidney Foundation’s Kidney Dis-
ease Outcomes Quality Initiative (KDOQI) guidelines [11],
analysis of individual values showed that about one third
of patients had mean serum calcium concentration above
the target range (5/15 of BEN patients, and 6/17 of others).
Serum iPTH concentration was similar in both groups and
about one half of patients of both groups had iPTH concen-
tration below 150 pg/ml, the lower limit of KDOQI target
range (seven BEN patients and nine others).

Graph 1 shows the score of VC estimated in X-ray films
of hands and pelvis. When compared the number of pa-
tients with a score of VC less than or equal to 4 and greater
than 4, it appeared that 10/15 of patients with BEN had
score below 4, while this was the case with only 5/17 of
patients with other kidney diseases. Pearson’s x* test showed
that this difference was statistically significant. In addition,
patients with BEN had a significantly lower mean score
of VC (2.8 £ 1.7) than patients with other kidney disease
(4.6 £ 1-8; p = 0.009). Expression of four examined pro-
teins in arterial wall differed insignificantly between the two
groups of patients: 3/13 of BEN patients and 1/14 of patients
with other kidney disease had an expression score equal to
or greater than 2 for osteocalcin; 1/13 of BEN and 1/14 of
others for BMP; 6/13 of BEN and 5/14 of others for osteo-
pontin; and 3/13 of BEN and 5/14 of other patients for MGP.

| doi: 10.2298/SARH1612608P

14
' 2\
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Graph 1. Vascular calcification score in patients with Balkan endemic
nephropathy (BEN) and other kidney diseases

Patients of both groups were divided into two sub-
groups — one with a VC score equal or less than 4, and
the other with the score greater than 4. Characteristics
of these subgroups were compared and are presented in
Table 3. The number of BEN patients with VC score below
4 was significantly higher compared to patients with other
kidney disease. Patients who had VC score below 4 had
statistically significant lower concentrations of total cho-
lesterol and triglyceride but higher concentration of iPTH,
although the results bordered statistical significance. No
significant difference was found between the patients with
VC score less than 4 and equal to or greater than 4 in the
expression of osteocalcin, BMP-2, osteopontin, and MGP
in the wall of the radial artery.

Six patients from each group had a positive history of
angina pectoris, signs of ischemia on ECG were recorded
in seven patients with BEN and in nine patients with other
kidney diseases, but only among patients with other kid-
ney diseases three patients had a history of myocardial
infarctions. Also, the number of smokers was higher in the
group with other kidney diseases than in the BEN group,
i.e. five vs. two patients. However, all these differences did
not reach statistical significance.

Table 4 presents the results of correlation between VC
score and all demographic, clinical, and laboratory vari-
ables determined in both groups. Only variables that cor-
related significantly with VC score are presented. Pearson’s
linear correlation coefficient showed a significant positive
correlation between VC score and serum concentration
of cholesterol and triglycerides and significant negative
correlation with serum iPTH concentration. It is interest-
ing that between body mass index and VC score a nega-
tive, but insignificant, correlation was found (r = -0.326;
p = 0.069). Cramer’s phi coefficient used to investigate
the correlation between categorical variables showed sig-
nificant correlation between VC score and presence of
peripheral vascular disease.

DISCUSSION

This study showed that patients with BEN had a signifi-
cantly lower mean score of VC than patients with other
kidney diseases. The number of patients with BEN who
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Table 3. Comparison of patients with vascular calcification score less
than 4 and equal to or greater than 4

Vascular calcification score

Parameter p
<4 >4
Male 10 10
Sex 0.647
Female 5 7
Age (years) 65.3+9.0 604 +146 | 0.263
X . BEN 10/15 5/15
Diagnosis 0.035
Other 5/17 12/17
eGFR (ml/min/1.73 m?) 83+23 69+1.9 0.075
Cholesterol (mmol/l) 43+1.0 53+1.0 0.01
Triglycerides, mmol/I 1.6+0.5 26x09 0.001
S-iron 126 +5.5 16.2+6.1 | 0.093
PTH (pg/ml) 208.0+135.6 | 132.9+70.2 | 0.051
S-calcium >2.4 (mmol/l) 6/15 5/17 0.720
S-phosphorus >1.8 (mmol/I) 2/15 3/15 0.714
Osteocalcin >2 1/12 3/15 0.762
Expression BMP-2 >2 0/12 2/15 0.565
score Osteopontin 22 3/12 8/15 0.274
MGP >2 3/12 5/15 0.962

Patients of both groups are included in this analysis.

eGFR - estimated glomerular filtration rate; BMP — bone morphogenic
protein, MGP — matrix Gla-protein

Expression score — expression of listed proteins in the radial artery wall
quantified semi-quantitatively as described in Methods.

Table 4. Variables that significantly correlate with vascular calcifica-
tion score

Pearson’s coefficient of linear correlation
Parameter
r P
Cholesterol (mmol/l) 0.444 0.011
Triglycerides (mmol/l) 0.520 0.002
PTH (pg/ml) -0.394 0.026
Cramer’s phi coefficient
Parameter
Value p
Peripheral VD 0.373 0.038

had a VC score less than 4 was significantly higher than
that in patients with other kidney diseases. Analysis of fac-
tors that could be associated with the development of VC
showed that patients with BEN had a significantly lower
systolic and mean blood pressure, as well as serum con-
centration of cholesterol and phosphorus, lower product
of phosphorus and calcium (on the borderline of statisti-
cal significance), but were significantly older than patients
with other diseases. Significant positive correlation was
found between VC score and serum concentration of cho-
lesterol and triglycerides, but negative with serum iPTH
concentration.

Numerous risk factors are associated with VC in chron-
ic kidney disease. In addition to “traditional” risk factors,
such as age, male sex, hypertension, diabetes, and dyslip-
idemia, “non-traditional” factors, such as uremic toxins,
disorders of mineral metabolism and their regulatory hor-
mones (PTH, vitamin D), excessive use of calcium salts
as phosphate binders, inflammation, malnutrition, and
oxidative stress substantively participate in the VC devel-
opment [12]. BEN patients included in the present study
were significantly older than patients with other kidney
diseases and it was the only risk factor for VC that was
more pronounced in patients with BEN than in others.

Many authors reported that the age of patients with mani-
fested BEN has shifted to the older ages [13, 14]. While
most of the patients in the first descriptions of the disease
were in the fourth decade of life [13, 15], in 1980s, most
patients with manifested disease were in their sixth decade
[1,2]. Although age is a well known risk factor for VC, our
BEN patients, in spite of older age than those with other
kidney diseases, had less VC. However, several other risk
factors for VC were less pronounced in patients with BEN
than in those with other kidney diseases: BEN patients had
significantly lower systolic and mean blood pressure, lower
serum concentration of cholesterol and phosphorus than
patients with other kidney diseases, and the difference in
product of phosphorus and calcium between the groups
was on the borderline of statistical significance. Some of
these characteristics of BEN have already been described
and our results confirmed these findings. Thus, in contrast
to the earlier studies that reported usually normal blood
pressure in patients with BEN [15], recent studies have
shown that the prevalence of hypertension in BEN patients
is similar to those with other kidney diseases but it is easier
to regulate [16, 17, 18]. In our studies, all but two patients
in each group had hypertension, which was, however, bet-
ter regulated by antihypertensive drugs in BEN patients.

The present study also showed significantly lower se-
rum concentration of cholesterol in BEN patients com-
pared to patients with other kidney diseases. Pavlovi¢ et
al. [19] found significantly lower total cholesterol and free
cholesterol serum concentration in BEN family members
than in members of non-BEN families living in the same
location and healthy controls living outside the BEN re-
gion. The authors explained this lower concentration of
cholesterol by lecithin-cholesterol acyltransferase defi-
ciency found in BEN family members.

In addition to lower values of the two abovementioned
risk factors for VC (blood pressure and serum cholesterol
concentration), BEN patients also had a significantly lower
serum phosphorus concentration in comparison to pa-
tients with other kidney diseases. The significantly lower
serum phosphorus concentration in BEN patients led to
lower production of calcium and phosphorus in BEN pa-
tients. Disorders of mineral metabolism present the most
important pathogenic factors for VC in chronic kidney
disease [20]. Experimental studies have shown that in-
creasing phosphorus concentrations can induce human
arterial vascular smooth muscle cells to transdifferentiate
towards an osteoblastic phenotype [5, 21]. There is little
data on mineral disorders in BEN. Bukvi¢ et al. [8] were
the only ones who described that hyperphosphatemia ap-
peared very rarely in BEN patients on hemodialysis and
that normal serum phosphorus concentrations in BEN pa-
tients were maintained even without the use of phosphate
binders. Normal and low phosphorus level is uncommon
in patients in advanced stages of chronic kidney disease. It
can be caused by chronic tubular disorders and increased
phosphate excretion, but also by malabsorption of phos-
phorus or phosphate binders overdosage [22, 23, 24]. Al-
though we have no evidence, we can assume the increased
phosphate excretion in our BEN patients as the cause of
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lower phosphorus concentration. The majority of patients
of both groups used calcium carbonate as phosphate bind-
ers but in similar moderate doses (BEN: 2.8 £ 0.51 g/day;
others: 3.1 £ 0.81 g/day; p = 0.227). The use of calcium car-
bonate, the only available phosphate binder in our country,
was one of the factors that caused serum calcium concen-
tration above target range proposed by KDOQI guidelines
in one third of the examined patients. This was undoubt-
edly one of the factors that contributed to the fact that the
mean iPTH level in both groups was near the lower limit
of KDOQI target guideline range for iPTH, and that about
one half of patients of both groups had iPTH below the
target range. Proportion of patients with iPTH below the
target range is higher in our patients than in patients in-
volved in several European studies, but significantly lower
percentage of their patients used calcium-based phosphate
binders [25, 26]. Comparative studies showed that the use
of calcium-based phosphate binders is more frequently
associated with episodes of hypercalcemia and low iPTH
level than the use of calcium-free phosphate binders [27].
Low iPTH is one of risk factors for the development of
VC and low bone turnover [28, 29, 30]. KDOQI guide-
lines suggest that, if the intact PTH levels fall below the
lower target limit, calcitriol, vitamin D analogs, and/or
calcimimetics should be reduced or stopped. All this sug-
gests that in our limited conditions a careful follow-up of
serum calcium and phosphorus concentration is required
in order to maintain iPTH in the target range.

Our investigations of risk factors for VC were comple-
mented with measuring serum osteopontin concentration,
one of the inhibitors of extraskeletal calcification whose
effect is independent of serum phosphorus and alkaline
phosphatase concentration [30]. Also, the expression of os-
teocalcin, BMP-2, osteopontin, and MGP in the wall of the
radial artery was examined. The results presented showed
that there was no statistically significant difference in the
serum concentration of osteopontin in patients with BEN
and those with other kidney diseases. However, patients
with BEN had a lower serum concentration of osteopontin
than others, and in the radial artery of BEN patients osteo-
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MpeBaneHumja n pakTopu pU3MKa BaCKynapHUX KanuuduKaumja Kog
6onecHuKa ca 6anKaHCKOM eHAeMCKOM HepponaTHjom Yy 04MaKN0j XPOHUUHO]

uHcyduumjeHumju bybpera

HeHag Metkosuh', Pagmun Mapuh?, Pagocnas lajanny®, laHujena batuinh?, MupjaHa hyk?, Cunmwa Puctuh? Jby6uua

HykaHosuh?

'LeHTap 3a xemopgujanu3y Fresenius Medical Care, Llamau, Peny6nuka Cpncka, bocHa n XepuerosuHa;
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KPATAK CAZIP?KAJ

YBopg BackynapHe kanuudukaumje (BK) uecte cy kog 6onecHu-
Ka ca XpOHMYHUM 6onecTtrma bybpera 1 npefcTaB/bajy jefHy
o MaHudecTauja nopemehaja Mmetabonn3ma MruHepana oBMx
6onecHuKa.

Livmb papa Livmb oBor paga je 610 ncnutrBatbe NpeBaneHyuje
1 pakTopa pusnka BK kog 6onecHuka ca 6ankaHckom eHaem-
ckom HedponaTujom (BEH) n gpyrum 6onectnma 6ybpera y
TepMUHaNHoj 6y6pexxHoj MHCYpULIMjeHL M1 Npe 3amnounkbarba
neverba Avjanvsama.

Metopae paga VicnutuBame je 06yxBaTuno 32 601ecHUKa, 15
ca BEH n 17 ca gpyrum 6onectuma 6y6pera. MNopen aHamHe-
3e 1 06jeKTUBHOT NperneAa cBUM 6onecHULMMa cy ypaheHe
PYTUHCKe nabopaTtopujcke aHanu3e, Mepere KoHLeHTpaLuje
WHTAKTHOT napatxopmMoHa (iPTH), 25-xnppokcnButammuna 3
[25(0OH)D3] n octeonoHTuHa. BK y unujauHum, pemopanHum un
OUrMTanHUM apTepurjama cy npouereHe no metoan Adragao.
Y3opak pagujanHe apTepuje y3eT je TOKOM onepaumje npse
apTepuoBeHCcKe GUCTyNe 1y HheMy je MeTofama UMYHOXUC-
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ToNornje ncnrTaHa ekcrnpecuja ocTeokanurHa, mopporeHor
NpOTeNHa KOCTU-2, OCTEOMNOHTMHA 1 [Na-npoTeriHa MaTpuKca.
Pesyntatu bonecHuum ca bEH cy 6vnu 3HavajHo ctapujm (71,1
+ 6,1 BC. 54,7 £ 11,1 roanHa), UManu cy 3HauyajHO HVXKU CUC-
TOJIHW U CPeAHM apTepujckm nputncak (95,7 + 13,2 mm Hg Bc.
104,3 + 7,4 mm Hg), Huxy KoHueHTpauujy docdopa (1,32 +
0,36 mmol/l Bc. 1,65 * 0,35 mmol/l) n xonectepona y cepymy
(4,3+ 1,1 mmol/lBc. 5,2 + 0,8 mmol/l) Hero 6onecHULY ca Apy-
rum 6onectma 6ybpera. MNpoceyaH ckop BK 610 je 3HauajHO
Matby Kop bonecHrka ca BEH y ogHocy Ha 6onecHuke ca apy-
rum 6onectuma 6ybpera (2,8 + 1,7 Bc. 4,6 + 1,8; p = 0,009), anu
Huje 61No 3HauajHe pasnnKe y eKCnpecuju YeTmpy ncnuTaHa
npoTenHa 1 3uay aptepuje. YTBpheHa je 3HauajHa Kopenauuja
n3mehy ckopa BK 1 KoHueHTpaLuje xonectepona, TpurimLe-
puga (no3uTnBHa) 1 iPTH (HeratmeHa).

3aksmy4ak bonecHnum ca BEH y ogmaknoj XpOHWYHOj MHCY-
dvupnjeHumnjn 6ybpera nmanu cy 3HauajHo HuKK ckop BK of
6onecHuKa ca apyrvm bonectuma bybpera.
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SUMMARY

Introduction Combined use of bevacizumab and conventional anticancer drugs leads to a significant
improvement of treatment response in patients with metastatic colorectal carcinoma (CRC). Conventional
treatment protocols exert undesired effects on the liver tissue. Hepatotoxic effects are manifested as a
disturbance of liver function test parameters. The relation between clinical outcome and disorder of
biochemical parameters has not been completely evaluated.

Objective The objective of our study was to examine whether clinical outcome in patients with liver
metastatic CRC correlates with the level of liver function test parameters.

Methods The study included 96 patients with untreated liver metastatic CRC who received FOLFOX4
protocol with or without bevacizumab. Biochemical liver parameters were performed before and after
the treatment completion. Treatment response was evaluated as disease regression, stable disease, and
disease progression. The patients were divided into three groups according to the accomplished treat-
ment response.

Results In the group of patients with disease regression the post-treatment levels of aspartate amino-
transferase, alanine aminotransferase, and bilirubin were statistically significantly increased. In contrast
to this, gamma-glutamyltransferase and protein post-treatment values were significantly lower in relation
to initial values. In patients with stable disease, difference was found only in the level of proteins being
lower after the treatment. In patients with disease progression, values of aspartate aminotransferase and
bilirubin were significantly increased after completed treatment.

Conclusion Treatment responses are not completely associated with the level of liver function test pa-
rameters. The only parameter which correlated with treatment response is gamma-glutamyltransferase.
Its decrease is accompanied with disease regression.

Keywords: bevacizumab; colorectal liver metastases; hepatotoxicity; liver function test parameters;
treatment response

INTRODUCTION

Colorectal carcinoma is the second leading
cause of cancer death among all malignant
diseases [1, 2, 3]. Irinotecan- or oxaliplatin-
based regimens combined with fluorouracil
and leucovorin (FOLFOX4) are established as
first-line conventional chemotherapy protocols
for metastatic colorectal carcinoma (mCRC)
[4-7]. The development and addition of nov-
el biological therapy to standard anticancer
agents have significantly expanded treatment
options in these patients. Results of the per-
formed studies have shown that the addition
of bevacizumab, a monoclonal antibody against
vascular endothelial growth factor (VEGF), to
first-line standard chemotherapy treatment
protocols in patients with liver mCRC remark-
ably improved their therapeutic effect. This is

reflected in clinically significant improvement
of treatment response rate as well as in overall
and progression-free survival [8, 9, 10].

Conventional chemotherapies exert direct
hepatotoxic effect. The production of free oxy-
gen radicals is considered to be the key event in
chemotherapy-induced hepatic injury, which is
manifested as a disturbance of liver biochemis-
try parameter values, or it can be histologically
confirmed [11-18]. However, except for stud-
ies’ data which emphasize the clinical benefit
of combined use of bevacizumab and conven-
tional anticancer drugs, knowledge about their
influence on liver function status is limited.
So far there are no data about the association
between treatment response and biochemical
liver function status in patients treated with
conventional anticancer agents with or with-
out bevacizumab.
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OBJECTIVE

The objective of this study was to answer whether treat-
ment responses correlate with the level of tested biochemi-
cal liver function tests parameters and how the addition of
bevacizumab influences it. It has been found that in spite
of the favorable therapeutic effect of the treatment, except
for gamma-glutamyltransferase (GGT) level decrease, the
other six liver function test parameters were unchanged
or even aggravated.

METHODS

The study group consisted of 96 patients with histologi-
cally confirmed liver mCRC, one or more unidimension-
ally measurable lesions (>1 cm according to the RECIST
1.1 criteria) [19], without the possibility for curative liver
resection. The diagnosis of potentially resectable liver met-
astatic disease was based on computed tomography (CT)
scan evaluation. The patients were treated with FOLFOX4/
FOLFOX4 + bevacizumab as a first line chemotherapy pro-
tocol. The treatment was conducted at the Institute for Ra-
diology and Oncology in Belgrade, Serbia. Demographic
and clinical data were obtained by reviewing medical re-
cords for period from January 2009 to December 2014.
The study included only patients with previously un-
treated liver metastatic disease. Prior chemotherapy and
radiotherapy for CRC treatment was allowed if they were
completed at least one month before the patient inclusion
in the study. Other inclusion criteria were as follows: the
Eastern Cooperative Oncology Group (ECOG) (Eastern
Cooperative Oncology Group)performance status score
of 0-2, >18 years of age, normal hematologic, liver, and
kidney function, and no contraindications for the drugs
administration. Exclusion criteria were the following: pre-
vious other malignant disease except cervical carcinoma in-
situ and basal cell skin cancer, known brain metastases, and
clinically significant cardiovascular disease. The study was
carried out in accordance with the Declaration of Helsinki,
Good Clinical Practice Guidelines and institutional ethics
commiittee requirements. All the patients gave their written
informed consent before their participation in the study.
The patients were assigned to FOLFOX4 or FOLF-
OX4 + bevacizumab treatment protocol according to phy-
sician decision. FOLFOX4 chemotherapy protocol consisted
of a two-hour infusion of leucovorin (20 mg/m?) followed
by a 5-FU iv bolus (400 mg/m?) and a 22-hour infusion
(600 mg/m?) during the first two days, with oxaliplatin
(135 mg/m?) as a two-hour infusion on day 1 of a two-
week cycle. Patients additionally treated with bevacizumab
received it on the first day of therapy in a dose of 5 mg/kg.
The duration of bevacizumab administration was de-
termined by a physician decision. In a case of grade 2/3
of nonhematologic toxicity (mucositis, diarrhea, and pro-
teinuria), the chemotherapy was delayed for one week or
until the patient’s full recovery. In patients with grade 4
of mucositis, diarrhea, proteinuria (nephrotic syndrome),
hypertension, thromboembolic events, and grade 3/4 of
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hemorrhagic events, as well as in those with gastrointes-
tinal perforation, the treatment protocol was stopped and
such patients were excluded from the study. In case of he-
matologic toxic events grade %, the hematology param-
eters were determined daily and the treatment was post-
poned until the patient’s complete recovery. Assessment
of adverse events during the treatment was performed us-
ing National Cancer Institute Common Toxicity Criteria
(version 2.0) [20]. Each patient received at least four and
at most twelve cycles of certain chemotherapy protocol.
Patients were followed up until the end of the treatment or
until the disease progression and switch to a second-line
treatment protocol.

Before their enrolment into the study, assessments of
vital signs, ECOG performance status, height, weight,
endoscopic and radiologic examinations (abdominal
ultrasound, chest X-ray, and multislice computerized to-
mography were performed for all the patients. Routine
liver function test parameters [aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phospha-
tase, GGT, lactate dehydrogenase] relevant for monitoring
chemotherapy hepatotoxic effects, were performed before
and after the completion of the treatment. Their determi-
nation was performed using commercial biochemical tests
on the Advia 1800 (Siemens Healthcare GmbH, Erlangen,
Germany) biochemical analyzer.

Treatment response was evaluated after every fourth cy-
cle until the completion of the study treatment. Response
Evaluation Criteria in Solid Tumors guidelines version 1.1
were used to define all the responses. They were deter-
mined as disease regression (complete or partial regres-
sion), stabilization, and progression of the disease. Tumor
responses were assessed by members (surgeon, medical
oncologist, radiologist, and pathologist) of the joint in-
terdisciplinary committee for gastro-intestinal tumors of
the host institutions, who were not involved in the study.

Assuming that the addition of bevacizumab to standard
FOLFOX4 protocol would lead to moderate difference of
values of some biochemical liver parameters between the
two groups of patients (effect size 0.30), a minimum of 82
evaluable patients was required. Statistical analyses were
performed by using commercially available SPSS Statistics
for Windows, Version 17.0 (SPSS Inc., Chicago, IL, USA)
software package. The intent-to-treat patient population
included all the patients who participated in the study. The
usual descriptive statistic parameters were used in statisti-
cal analysis of the obtained results (median with interquar-
tile range 25-75 percentiles). Depending on the normality
of distribution of the observed parameters, Student’s t-test
for dependent or independent parametric characteristics
and Wilcoxon signed-rank test and Mann-Whitney U-test
for non-parametric characteristics were performed.

RESULTS

All the included patients were treated and followed up in
the study. There were 41 female (42.7%) and 55 (57.3%)
male patients with median age of 60 years (range: 35-79
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years). Out of 96 enrolled patients, 52 (54.2%) were treated
with combined use of FOLFOX4 and bevacizumab, while
44 patients (45.8%) received the FOLFOX4 protocol.

According to treatment response, the patients were di-
vided into three groups: (1) patients with disease regres-
sion, (2) patients with stable disease, and (3) patients with
disease progression.

Results of the study are summarized in Table 1 and
Graphs 1, 2, and 3. The obtained results are given before
and after the treatment.

In the group of patients with disease regression as a
post-treatment response, 7.3% achieved complete (CR)
and 93.7% partial regression (PR) of the disease (not

shown). Complete response was accomplished only in
patients treated with combined use of FOLFOX4 and be-
vacizumab. At the same time partial regression was ob-
served in patients on both treatment protocols, with the
largest number of patients (68.2%) treated with FOLFOX4
+ bevacizumab (not shown). Comparison of pre- and
post-treatment values of tested biochemical parameters
in these group of patients has shown that used anticancer
agents led to the statistically significant increase in AST
(p =0.002), ALT (p = 0.002) and bilirubin (p = 0.001). In
contrast to this, the level of GGT after the treatment was
statistically significantly lower (p = 0.035) in relation to
corresponding pre-treatment values (Table 1).

Table 1. Pre- and post-treatment values of biochemical liver test parameters in relation to clinical outcome in patients treated with conventional
anticancer drugs (Group 1) and with bevacizumab added to conventional anticancer agents (Group 2)

Biochemical Value Disease regression (n = 41) Stable disease (n = 23) Progressive disease (n = 32)
parameters Pre Post Pre Post Pre Post

Median 21 25%* 23 27 24 33*%*
AST (U/L)

IQR 17-26.5 21-33.5 20-32 23-36 17.2-33.7 25-50

Median 21 26** 20 25 23 26.5
ALT (U/L)

IQR 14-30 18-38.5 17-31 19-29 18-34.7 20.2-40.2

Median 86 95 122 105 134 142.5
ALP (U/L)

IQR 69-116 73.5-127.5 91-222 89-143 104-206 111-184.5

Median 42 36* 77 61 87.5 77
GGT (U/L)

IQR 27-88.5 25-61.5 35-185 28-127 44.2-129.5 49-146.2

Median 347 372 402 431 492 486
LDH (U/L)

IQR 288.5-387.5 325-419 347-926 345-624 320.2-944 432.5-732.7

N Median 8.2 10.1%* 8.6 10.1 8.4 11.8%**

Bilirubin (umol/L)

IQR 6.9-11.1 7.2-13.7 6.9-14 7.5-133 6.3-11.2 8.9-15.6

. Median 73 72* 74 71%* 73 72

Proteins (U/L)

IQR 71-76 69-73.5 71-78 70-74 70-76.7 68-75.5

*p <0.05

**p<0.01

***p < 0.001 intragroup pre- and post-treatment comparison

n - number of patients; AST — aspartate aminotransferase; U/L - units per liter; ALT — alanine aminotransferase; ALP — alkaline phosphatase; GGT - gamma-gluta-

myltransferase; LDH - lactate dehydrogenase; IQR - interquartile range
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Graph 1. Pre- and post-treatment values of aspartate aminotransferase
(AST) in relation to clinical outcome

**p<0.01
*** n < 0.001 intragroup pre- and post-treatment comparison
DR - disease regression; SD - stable disease; PD - disease progression

Graph 2. Pre- and post-treatment values of gamma-glutamyltransfer-
ase (GGT) in relation to clinical outcome

*p < 0.05 intragroup pre- and post-treatment comparison;
** Extreme values of GGT in gruop of patients with PD are presented in the
upper right corner
DR - disease regression; SD - stable disease; PD - disease progression
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DR - disease regression; SD - stable disease; PD - disease progression

Of the 23 patients with stable disease, 56.5% (13 pa-
tients) received FOLFOX4 and the rest received FOLFOX4
+ bevacizumab. The analysis of pre- and post-treatment
results of tested liver function test parameters in these
group of patients has shown that out of seven tested pa-
rameters, statistically significant difference was found only
in the amount of protein. In this group of patients, as well
as in those with disease regression, the level of protein
after the treatment was statistically significantly decreased
(p =0.012 and p = 0.010, respectively).

Progression of the disease was much more pronounced
in patients treated with FOLFOX4 chemotherapy protocol
(71.9%). In patients with disease progression, an increase
after the treatment was found in only two parameters -
AST (p = 0.001) and bilirubin (p = 0.000) (Table 1).

Results of the intergroup analysis of difference of post
and pre-treatment values have shown that statistically
significant difference was found only in bilirubin val-
ues between groups with stable and progressive disease
(p=0.017) (not shown).

Pre- and post-treatment results of biochemical liver
function test parameters were also compared between
patients with the same treatment response, but on differ-
ent treatment protocol. In this manner, groups comprising
small number of patients were formed, which presents a
limitation in presenting the obtained results. The results
of the analysis have shown that there was no statistically
significant difference between the tested parameters.

The absolute values of statistically significant results ob-
tained after intragroup comparison of pre- and post-treat-
ment values are graphically plotted (Graphs 1-3). Graph 1
shows that statistically significant difference between pre-
and post-treatment results of ALT was found in groups of
patients with disease regression and disease progression.
Opposite to this, ALT pre- and post-treatment results in
the group of patients with stable disease did not differ
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significantly. Graph 2 shows that statistically significant
decrease of GGT post-treatment values was found only in
the group of patients with disease regression. In two other
groups of patients, no difference between GGT values be-
fore and after the treatment was found. Graph 3 shows
that level of bilirubin after the treatment was significantly
increased in patients with disease regression and in those
with disease progression.

DISCUSSION

The results of the study have shown that combined use
of bevacizumab and FOLFOX4 was oncologically more
effective than FOLFOX4 alone, demonstrated by better
treatment response. Namely, stabilization of the disease
was prominent in FOLFOX4 chemotherapy protocol,
while complete or partial regressions were inherent in
FOLFOX4 + bevacizumab. These findings are consistent
with the results of other studies which have examined the
efficacy of bevacizumab added to conventional cytotoxic
therapy.

Also, it was observed that both treatment protocols led
to an increase of some of the tested liver function param-
eters (AST, ALT, and bilirubin). These findings might in-
dicate that according to biochemical liver status there was
no significant difference in chemotherapy-induced liver
injury between these two treatment protocols.

On the other side, when levels of tested biochemical
parameters were correlated with the treatment response,
significant disparity was noted. Favorable clinical outcome
did not always respond with the improvement of the tested
liver function parameters. On the contrary, it was found
that the most pronounced increase of liver biochemical
parameters (AST, ALT, and bilirubin) was observed in
patients with disease regression in comparison to those
with stable or disease progression (AST and bilirubin).
These findings demonstrate that both liver metastases as
the basic disease and conventional anticancer agents used
for their treatment have significantly impaired liver tis-
sue as the result and lead to the disturbance of some of
biochemical liver parameters.

Presented results of the study indicate that GGT is the
only parameter which correlates with treatment response.
Level of this enzyme is in relation with patients’ clinical
improvement being decreased after the treatment.

Several studies have shown a relation between FOLFOX4
chemotherapy protocol and severe hepatic injury mani-
fested as hepatic sinusoidal obstruction syndrome or
steatosis [21-28]. In these diseases it is not uncommon
that biochemical parameters remain normal despite the
underlying histopathological liver damage. Unique liver
potential to regenerate and its capacity to compensate
disruption of biochemical parameters could be a possible
explanation for these findings [11-14]. In accordance with
this are GGT results obtained in the study. Alongside clini-
cal improvement, reduction of post-treatment GGT values
may be a result of a liver compensatory mechanism. Nev-
ertheless, several liver parameters were increased after the
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treatment. The biggest concern that needs to be clarified
is what causes such discrepancy between the levels of bio-
chemical parameters. In other words, there is a dilemma as
to why the value of one of the most specific liver parameter
(GGT) is decreased in FOLFOX4 treated mCRC patients,
while other parameters remain increased or unchanged.

CONCLUSION

To our knowledge, this is the first study to analyze the
association between treatment response in patients with
mCRC and biochemical liver function test parameters rel-
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HuBo 6uoxemujcknx napamertapa GyHKLMOHANHOT CTaTyCa jeTpe Y OAHOCY Ha
K/JIMHWUYKKM 04r0BOP KOA 60/1eCHMKA Ca METAaCTaTCKUM KONOPEKTA/IHUM KapLUHOMOM
Koju cy neyeHn FOLFOX4 npoTtokonom ca 6esauusymabom uam 6e3 mera
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'BojHOMeMLIMHCKa aKafeMuja, HaLoHanHu LieHTap 3a KOHTpony TpoBatba, Ofierbetbe 3a ToKCuKonowKy xemujy, beorpag, Cp6uja;
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KPATAK CAZIPXKAJ

YBop YapyxeHa npumeHa 6eBaLyi3ymaba 1 KOHBEHLIMOHATHIX
aHTVKaHLIEPCKUX JIEKOBA JOBOANM A0 3HauyajHOr nobosbluarba
KNMHUYKOT OAroBOpa Kof NauujeHaTa ca MeTacTaTCKiM KoJlo-
pekTanHnm kapumHomom (CRC). KoHBEHLMOHaNHN NPOTOKOMM
neyera UCnosbaBajy HexerbeHe edekTe Ha TKMBO jeTpe. Xena-
TOTOKCMUYHY epeKTr XeMmmoTeparnuje ce MaHUecTyjy y Bugy
nopemehaja BpegHocTy 6ruoxemujckrx napameTtapa GyHKLMO-
HasHor cTaTyca jetpe. Kopenauuja KNMHAYKOT MCXoAa 1 nope-
mehaja BpeaHOCTV 61oXeMMjCKIX NMapameTapa joL YBeK Huje
y NOTMYHOCTY NO3HaTa.

Livb papa CxofHO HaBefeHOM, Livb HaLler paja je Aa npoBse-
Y Aa N KNMHWYKK nexog Koa CRC 6onecHMKa ca MeTacTasama
Ha jeTpu Kopenmpa ca BpegHoCTMMa b1oxemmjckmx napameTa-
pa jeTpe nnu He.

Metope paga Y ctyaujy je ykibyueHo 96 bonecHuka obonennx
of CRC ca meTacTaTCK1MM NPOMeHamMa Ha jeTpu Koju cy TpeTu-
paHn FOLFOX4 npoTokonom ca 6eBaLju3ymabom unm 6e3 mwera.
Broxemujckn napameTpu jeTpe Cy aHanu3npaHm npe noyertka un
Ha Kpajy cnpoBohera Tepanujckor npoTokona. KnuHmuku og-
roBop 60necHNKa je NpoLeHEeH Kao perpecuja, Ctabunmsauyja
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unu nporpecuja 6onectn. bonecHuum cy npema NnocTMrHyTom
KJIMHWYKOM OLroBOPY NOAE/bEHN Y TPY Fpyne.

Pesynrtatu Y rpynu 6onecHvKa ca perpecujom 6onectm H1Bo
AST, ALT v 6unnpy6riHa Ha Kpajy Nleuersa je CTaTUCTUYKM 3Ha-
yajHo nosuLeH. CynpoTHO TOMe, BPeAHOCTH rama-rnyTamun
TpaHcpepase (ITT) n MpoTemHa HakoH CMPOBEAEHOT Nleyera
Cy CTaTUCTMYKM 3HAYajHO HIXeE Y OBHOCY Ha UHMLIMjaNHe Bpes-
HocTu. Kop 6onecHmKa ca cTabunmsaumjom 6onecti pasnukyje
Ce camMO HMBO NMPOTEeVHa, KOj! je 3Ha4ajHO HUXNM Ha Kpajy ne-
uetba y 0HOCY Ha MHMUMjanHe BpeaHocTU. Koa 6onecHuka ca
nporpecujom 6onectn BpeaHocTn AST 1 6unnpybuHa cy bune
3HaYajHO MOBHLLEHE HAKOH CMPOBEAEHOT Jieyetba.
3akmyuak KnvHn4kn ogrosop Kog 6onecHuKa ca metacTat-
ckum CRC Huije y MOTNYHOCTUN Y KOpenaumju ca BpeaHOCTMa
6r10XeMUjCKMX NapameTapa jeTpe. JefuHn napameTep Koju
Kopenupa ca KnMHMYKUM Hanasom je [TT. Cmaretbe erose
BpefHocTn npaheHo je perpecnjom 6onectu.

KrbyuHe peun: 6eBaliy3ymab; KoslopeKTanHe MeTacTase Ha je-
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SUMMARY

Introduction Infection of synthetic graft in the groin is a rare but devastating complication. When it
occurs, several possibilities of treatment are available. Extra-anatomic reconstruction and in-situ im-
plantation of new, infection resistant grafts are associated with high mortality and morbidity. Therefore,
more conservative approach is needed in some cases. Negative-pressure wound therapy is one of the
options in treating such patients.

Objective The aim of this study was to assess the outcome for deep groin vascular graft infection treated
with negative-pressure wound therapy.

Methods Seventeen patients (19 wounds), treated for Szilagyi grade Il groin infections between October
2011 and June 2014, were enrolled into this observational study.

Results Majority of the wounds (11/19) were healed by secondary intention, and the rest of the wounds
(8/19) were healed by primary intention after initial negative-pressure wound therapy and graft sub-
stitution with silver-coated prostheses or autologous artery/vein implantation. No early mortality was
observed. Minor bleeding was observed in one patient. Reinfection was noted in three wounds. Only
one graft occlusion was noted. Late mortality was observed in three patients.

Conclusion Negative-pressure wound therapy seems to be safe for groin vascular graft infections and
comfortable for both patient and surgeon. However, the rate of persistent infection is high. This tech-
nique, in our opinion, can be used as a “bridge” from initial wound debridement to definitive wound
management, when good local conditions are achieved for graft substitution, either with new synthetic
graft with antimicrobial properties or autologous artery/vein. In selected cases of deep groin infections

it can be used as the only therapeutic approach in wound treatment.
Keywords: groin infection; synthetic graft infection; negative-pressure wound therapy

INTRODUCTION

Majority of reconstructions in the field of
arterial vascular surgery are associated with
synthetic graft implantation. Among different
complications that accompany their use, one
of the most devastating is graft infection. It can
occur in up to 5% of patients [1].

When diagnosed, several possibilities for
treatment are available. The traditional treat-
ment consists of the graft excision and extra-
anatomic reconstruction, which is a definitive
solution, although there are some circumstanc-
es when these reconstructions are not feasible,
such as the occlusion of the popliteal artery,
which does not allow transobturator bypass for
groin infection. Also, more infection-resistant
conduits can be utilized for in-situ reconstruc-
tion, such as autologous veins or arteries. Al-
though not intended for use in an infected area,
synthetic grafts with antimicrobial properties
such as silver-coated and rifampicin-soaked
prostheses could be an option when dealing
with this devastating complication. All these
procedures are associated with high morbid-
ity and mortality [2]. In these settings patients
are exposed to stress from surgery and other

possible complications associated with it. Fur-
thermore, reinfection rate is significant, and
amounts to 18.5% for in-situ silver-coated
grafts in infrainguinal localization [3]. Because
of this, various graft preservation techniques
have been increasingly utilized in an attempt
to improve outcome [4, 5].

Argenta and Morykwas [6] as well as Mo-
rykwas et al. [7] studied negative-pressure
wound therapy in plastic and reconstructive
surgery, as well as in the treatment of mediasti-
nitis after sternotomy for heart surgery. Now, it
has emerged as a new therapeutic approach in
dealing with infected wounds, including peri-
vascular and arterial graft infections. Today,
negative-pressure wound therapy has become
routine in many hospitals worldwide. However,
there are a limited number of papers dealing
with Szilagyi grade III infections treated in this
manner.

Negative-pressure wound therapy creates a
moist wound-healing environment; it drains
excessive fluid from the wound, reduces tis-
sue edema, cleans deep wounds from bacteria,
accelerates the formation of granulation tissue
and induces faster approximation of wound
edges [8, 9].
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Graft preservation may be an option when the anasto-
mosis is intact — only a small part of the graft is exposed,
the patient has no systemic signs of sepsis, the graft is
patent, and the causative microorganism is not Pseudo-
monas aeruginosa [5]. It is reasonable to assume that in
these circumstances even a clinically healed infection is
transformed into a low-grade state, which can be reacti-
vated during the course of time.

OBJECTIVE

The aim of the present study was to assess early and short-
term results obtained for deep groin vascular graft infec-
tion treated with negative-pressure therapy, as well as to
compare treatment outcome between patients with early
and late graft infections.

METHODS

All patients with Szilagyi grade III infections in the groin
who were treated at our institution from October 2011 to
June 2014 were included in this observational prospective
study with a retrospective analysis of the primary opera-
tion. Patients treated with extra-anatomic bypass or who
underwent major amputation for vital indications were
excluded.

Patient demographics, type of previous intervention,
type of graft materials used in the second procedures per-
formed, duration of negative-pressure wound therapy;,
early and short-term morbidity and mortality, compli-
cations of negative-pressure therapy, reinfection, type of
wound healing, causative microorganisms, graft patency,
and follow-up information (the condition of the groin,
graft, ipsilateral limb, and overall health) were recorded.

The diagnosis of graft infection was established by in-
terview, clinical examination, wound cultures, elevated
white blood cell count (>10 x 10%/1), and multi-slice com-
puted tomography to determine the extent of infection.

Broad-spectrum antibiotics were given initially and
changed, accordingly, when appropriate wound cultures
were obtained. Debridement of all wounds was performed
prior to the start of negative-pressure wound therapy. In
some patients, due to graft occlusion, new silver-coated
grafts were inserted in the groin, as well as in patients
who underwent lymphostasis. However, due to persis-
tent infection, few patients underwent autologous vein/
arterial graft insertion in order to achieve wound healing.
Usually, two days after surgery negative-pressure wound
therapy was started, when hemostasis was achieved. Vac-
uum therapy and wound dressing was performed in the
manner suggested by the manufacturer (KCI Medical, San
Antonio, TX, USA) with continuous negative pressure of
125 mmHg. Vaseline gauze was used to cover grafts and
native arteries to avoid direct contact with the polyure-
thane sponge. The sponges were changed three times a
week. All the patients were treated in hospital, and dur-
ing the course they received adequate antibiotic treatment,

‘ doi: 10.2298/SARH1612621M

which continued after their discharge with oral therapy for
one month at the most.

Follow-up examination was performed after one, three,
and six months thereafter. Clinical examination and ankle-
brachial index determination were performed.

Statistical analysis

Results are presented as number (%) for categorical
data. Student’s t-test and Fisher’s exact test were used for
analysis. For the difference between age, a bootstrapping
method was used, and for the duration and costs, exact
tests were performed. A two-sided p < 0.05 was considered
significant. All the data were analyzed using SPSS 20.0
(IBM Corp, Armonk, NY, USA).

RESULTS

Mean age of patients was 63.1 + 10.7 years (range 42-85
years). Thirteen patients were male and four were female.
Four patients were classified according to American Soci-
ety of Anesthesiology (ASA) as IV, and 13 of them as ASA
IIT stage. In all 17 patients, infection involved previously
implanted synthetic grafts (and all of them were Dacron
grafts), and was confined to the groin. Part of the anastomo-
sis was exposed in 5/19 wounds after initial debridement.
Diabetes mellitus was present in 70.6% of patients, and five
(29.4%) patients had fever without signs of sepsis. In to-
tal, 19 wounds were treated with negative-pressure wound
therapy. Type of previous surgery is shown in Table 1.

In 12 patients infection was early (up to one month after
the initial surgery, 15.58 + 7.07 days), and in five patients it
was late (after one month from the initial surgery performed,
8.40 + 3.91 months). In all the patients multislice computed
tomography was performed, and in all of them examination
showed perigraft fluid, with collection confined only to the
groin. Causative microorganisms are shown in Table 2.

Five patients had polymicrobial infection, and in one
patient the wound swab was sterile.

Mean duration of negative-pressure wound therapy
was 45 days (5-100 days), and costs ranged from €150 to
€4,000, with average value of €1,100.

Majority of wounds (11/19) healed by secondary inten-
tion with granulation tissue covering exposed graft over
time. Rest of wounds (8/19) healed by primary intention
after initial negative-pressure wound therapy. Table 3
shows type of surgery performed in infected groin wounds.

No early mortality, up to 30 days, was observed. Com-
plications during their hospital stay were recorded in six
patients. Three of them had lymphatic cyst, one patient
developed acute coronary syndrome and percutaneous
coronary intervention was performed. One patient suf-
fered ischemic stroke, and one had epistaxis and an epi-
leptic seizure. Complications of negative-pressure wound
therapy were noted in only one wound (1/19) and con-
sisted of minor bleeding from wound edge. No other com-
plications were observed.
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Table 1. Type of surgery previously performed in the study patients

Type of surgery Number of patients
Aortobifemoral bypass 1
lliacofemoral bypass 3
Femoropopliteal bypass 2
Femorofemoral cross-over bypass 1

Table 2. Microorganisms cultured from infected wounds

Microorganism

Number of patients

Vancomycin resistant enterococcus

2

Klebsiella enterobacter

Staphylococcus epidermidis

MSSA

Proteus vulgaris

Enterococcus

Staphylococcus species

Escherichia coli

Enterobacter

Proteus mirabilis

Acinetobacter

3
1
2
2
2
2
1
1
1
1

MSSA - methicillin-sensitive Staphylococcus aureus

Table 3. Grafts used for the reconstruction of groin blood vessels

Type of surgery performed

Number of wounds

Graft preservation 7
Silver graft implantation 6
Autologous vein/artery implantation 6

Persistent infection was observed in six patients (six
wounds) and all of them had virulent microorganisms
isolated from the wounds (vancomycin-resistant entero-
coccus, Klebsiella, Staphylococcus aureus, Escherichia coli,
Enterobacter, Proteus mirabilis and vulgaris).

Reinfection occurred in three groin wounds (three pa-
tients) in total. These patients had Enterococcus and Staphy-
lococcus epidermidis isolated from their wounds. The same
pathogens were isolated when primary graft infection was
treated in those patients. Only one graft occlusion was not-
ed during the follow-up period. Table 4 summarizes above-
mentioned data and shows that no statistically significant
difference was observed when comparison was performed
between outcome of early and late graft infections.

Late mortality was observed in 3/17 patients who were
admitted to hospital several months after negative-pres-
sure wound therapy due to reinfection and sepsis. Cause
of death was multiple organ failure in all three cases.

Also, no statistically significant difference was observed
when comparison between early and late infection out-
come was performed regarding age, duration of negative-
pressure therapy, and costs. Table 5 summarizes these data.

Eventually, all wounds healed (100%). Seven grafts
were preserved (36.8%), and in 12 (63.2%) cases we had
to substitute infected grafts with silver coated grafts (six
cases) and autologous artery/vein (also six cases). In four

Table 4. Outcome of negative-pressure therapy of early and late synthetic graft infection (p < 0.05 is considered significant)

Infection
Parameter Early Late p value
N % N %
Male 9 75 4 80
Gender 1.000
Female 3 25 1 20
Earl tality (up to 30 days) No 12 190 > 100
arly mortality (up to ays -
Y yiup Y Yes 0 0 0 0
No 7 58.3 4 80
Early morbidity (up to 30 days 0.600
y y(up ys) Yes 5 41.7 1 20
o , No 12 100 4 80
Complications of negative-pressure therapy 0.294
Yes 0 0 1 20
. . . No 8 66.7 3 60
Persistent infection (up to 30 days) 1.000
Yes 4 333 2 40
. . No 10 90.9 2 50
Reinfection 0.154
Yes 1 9.1 2 50
No 1 83 0 0
Graft patency 1.000
Yes " 91.7 5 100
Table 5. Analysis of age, duration, and costs of negative-pressure therapy (p < 0.05 is considered significant)
Parameter Infection N Mean SD Med. Min. Max. p-value
Early 12 64.17 11.496 61.50 42 85
Age (years) Late 5 60.60 9.236 63.00 50 71 0.549
Total 17 63.12 10.723 62.00 42 85
. . Early 12 47.42 29.623 45.00 9 100
Duration of negative- Late 5 3800 | 30943 | 4500 5 80 0.574
pressure therapy (days)
Total 17 44.65 29.364 45.00 5 100
) Early 11 1,000 1,100 450 150 3,700
Cost of negative-pressure ', 5 1,300 1,400 1,000 200 3,800 0.583
therapy (euros)
Total 16 1,100 1,200 650 150 3,800

N - number of patients; Mean — mean value; SD - standard deviation; Med. — median value; Min. - minimum value; Max. — maximum value
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cases when silver-coated graft was implanted, wound de-
hiscence (probably caused by inadequate debridement)
occurred and negative-pressure therapy continued with
graft preservation. In other two cases of silver graft im-
plantation, the wound was closed after graft substitution
in the usual manner and eventually healed per primam,
in six cases due to persistent infection (the probable cause
of such high rate of persistent infection is more virulent
pathogens and overall poor health condition of these pa-
tients). In these six cases, all wounds healed per primam
intentionem after infected grafts were substituted with
autologous artery/vein.

DISCUSSION

The use of negative-pressure wound therapy in vascular
surgery started with pioneer works of Demaria et al. [10]
and Giovannini et al. [11], who were the first authors that
applied this technique on exposed blood vessels. They suc-
cessfully treated two patients with groin infections. After
that, several publications have appeared with good early
and midterm results regarding this technique [5, 8,12].
Overall mortality in these series was reported to be 0% up
to 18 months of follow-up. However, Dosluoglu et al. [5]
reported 27% of mortality during follow-up of 33 months.
Mayer et al. [13] also found a high rate of long-term mor-
tality (41%). This could be explained by a longer follow-up
period in his study.

Overall mortality in our series was 18%. No early death
was noted, and all of them were observed in the follow-up
period and were related to reinfection. Similar results were
obtained by Mayer et al. [13], who reported 30-day and
one-year mortality to be 0% and 16%, respectively.

Overall amputation and reinfection rates were 0-5%
reported in previously mentioned publications. Although
we found no amputations in our study, the rate of reinfec-
tion was much higher, but acceptable in our opinion, and
during the follow-up we found 16% (3/19 wounds) of re-
infection in previously healed wounds. Persistent infection
was observed in 31% (6/19 wounds), and those patients
were treated with autologous artery/vein in-situ insertion,
after the removal of the infected synthetic graft.

Regarding causative pathogens, Calligaro et al. [14] re-
ported 40% of limb salvage when involved microorganism
was Pseudomonas, which is reported to be very aggressive.
In our series we had no Pseudomonas infection. However,
Mayer et al. [13] found no association between Pseudo-
monas infection and the need for graft excision. In their
opinion, patients presenting with Pseudomonas infection
are not poorer candidates for any type of graft preserva-
tion technique.

doi: 10.2298/SARH1612621M

In our study, only one (1/19 wounds, 5%) complica-
tion of negative-pressure wound therapy occurred, and it
presented as minor bleeding from wound edge. Mayer et
al. [13] reported also one (2%), but serious bleeding due to
inadequate previous resection of infected artery. Svensson
etal. [15] reported bleeding complications in two patients
(2/33 wounds, 6%). Authors of that study also reported
the median total cost per patient for the negative-pressure
therapy to be about €1,300 [15]. In our study, the average
cost of such therapy was €1,100 per patient.

All the patients in our study experienced complete
wound healing. Majority of wounds (11/19, 58%) healed
by secondary intention with granulation tissue covering
exposed graft over time. The rest of the wounds (8/19,
42%) healed by primary intention after the initial wound
debridement and negative-pressure therapy. After that,
graft substitution with autologous artery/vein or silver-
coated grafts was performed and the wounds were closed
in the usual manner.

CONCLUSION

Negative-pressure wound therapy seems to be safe for
groin vascular graft infections with no early mortality,
virtually no complications of its use, and excellent patency
rate of 95%.

Comfortable for both patient and surgeon, this ap-
proach emerges as a new and promising therapeutic option
in these difficult patients. However, high rate of persistent
infection which we found mandates careful selection of
patients for this approach. This technique, in our opinion,
can be used as a “bridge” from initial wound debridement
to definitive wound management, when good local condi-
tions are achieved for graft substitution, either with a new
synthetic graft with antimicrobial properties or autologous
artery/vein. In selected cases of deep groin infections, this
technique can be used as the only therapeutic approach in
wound treatment.

The limitation of this study is the small number of
patients and short follow-up period of average 10.0 + 5.8
months (range of 1-24 months). Also, there was no com-
parative group in the study. Therefore, no statistically
significant differences were observed when comparing
outcome of early and late synthetic graft infections. De-
spite this fact, we observed better results in patients with
shorter duration of infection caused by less virulent mi-
croorganisms, in whom negative-pressure wound therapy
was commenced early. New studies with larger number
of subjects are needed to clarify the role and establish the
algorithm for negative-pressure wound therapy in the field
of vascular surgery.
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Tepanuja HeraTUBHMM NPUTUCKOM Y Nledery MHPeKuuje rpadTa y npenoHn

Mpegpar Matuh'?, Cnobopgax TaHackoBuh'?, PacTko MKusnh?3, apuo Jouuh', Mpegpar lajun'?, Cphax babuh'?, VisaH
Congatosuh?, lopaH Byuypesuh', iparocnas HeHesuh'? Hophe Papak'2

"MHcTuTyT 33 KapgrosackynapHe 6onectu, [leaume’, beorpag, Cpbuja;
2YHneep3uTeT y beorpaay, MegnunHcku pakyntet, beorpag, Cpbuja;

*KnuHunuko-6onHMukM LeHTap, dp Oparvwa Muwosuh’, Beorpag, Cpbuja;
*YHnBep3uTeT y beorpagy, MeanumHcki Gakyntet, IHCTUTYT 3a Me[MUMHCKY CTaTUCTUKY 1 MHGopmaTuKy, beorpag, Cpbuja

KPATAK CAZIPXA)J

YBop NHbekuuja cnHTeTCKOr rpadTa y MpenoHu je peTka anu
036WbHa KomnanKaLwja. Moxe ce NeunTy Ha BULLE HauvHa.
EkcTpaaHaTomcku 6ajnac v in situ imnnaHTaLmja HOBOT, Ha UH-
deKkuwjy oTnopHor rpadTa cy noBe3aHu ca 3HayajHIM Mop6ou-
LOUTETOM 1 MOPTanUTETOM. 360T TOra je y HEKMM ClyyajeBrma
noTtpebaH KOH3epBaTVBHUjI NPUCTYN Y feyetby. Tepanuja He-
raTVBHUM NPUTUCKOM je jefiHa of MOryRHOCTU y neyersy TX
6onecHuKa.

Lnn papa Livb pafia je 610 aa ce nprkaxy pesyntaTti neyetsa
nHdeKUKje crHTeTCKOr rpadTa y NpenoHy ynoTpebom Heratu-
BHOT MPUTUCKA.

MeTope pafa Y oBy oncepBaLOHy CTYAWjY je yKibyyeHo 17
6onecHuKa (19 paHa) Koju cy neyeHu 36or nHdekumje rpadTa
y npenoHu (Szilagyi Ill) namehy oktobpa 2011. 1 jyHa 2014. ro-
IOuHe.

PesynTatu BehuHa paHa (11/19) 3apacTana je per secundam,
[OK Cy OCTasie paHe 3apacie per primam nocne nHuuujanHe
npumeHe Tepanuje HeraTUBHUM NPUTUCKOM, @ OHAA je cJle-

PeBusuja « Revision: 20/01/2016

[Una 3amMeHa UHGUMLMpPaHe NpoTe3e cunBep rpagTom Knm ay-
TONOrHOM apTepujom/BeHoM. Huje 3abenexeH HujefaH paHu
CMPTHU cnyyaj. Matbe KpBapetbe je 3abenexeHo Kog jeaHor
6onecHvka. PerHdekuyja je HacTana kog Tpy 6onecHvka. 3a-
6enexeHa je jeaHa oknysuja rpadTa. KacHu moptanuTer je pe-
TVCTPOBaH Ko Tpy 6onecHuKa.

3aksbyuyak [lpumeHa Tepanuvje HeraTUBHUM MPUTUCKOM je,
UnHu ce, 6e3bepHa Koa nHbeKUKMje rpadTa y NPenoHun 1 no-
pobaH MeToA 1 3a 6onecHMKa 1 3a xupypra. Minak, yuectanoct
nep3uncTeHTHe UHdeKLYje je BUCOKa. o Halem M1LLITbeksy, OBa
TeXHVIKa MoXe 61T ynoTpebsbeHa Kao ,npemoluherse” of HU-
umjanHor aebpuamaHa fo AedMHUTMBHOT 36pUHbaBatba paHe,
Kaja noctoje 4O6PY NIOKaHM YCNOBY 3a CyNCTUTYLM]Y rpadTa
61110 HOBOM NPOTE30M Ca aHTUMUKPOOHUM CBOjCTBMMA MU
ayTONOrHom apTepujom/BeHoM. Kof ceneKTtoBaHMX CilyyajeBa
nHdeKUuje rpadTa y NpenoHn moxe 6utn kopuwheHa Kao je-
AVIHW HauVH nevetba.

KmbyuHe peun: npenoHcka nHdekumja; nHdekLmja CUHTeTCKOr
rpadTa; Tepanuja HeraTVBHUM MPUTUCKOM

MpuxsaheH « Accepted: 26/01/2016
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Risk factors for severe influenza A virus infections in
post-2009 pandemic period
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SUMMARY

Introduction Literature data concerning risk factors for severe influenza in post-2009 pandemic period,
from low- and middle-income Central and Eastern European countries are very limited.

Objective The aim of this study was to investigate the risk factors for severe A(H1IN1)pdm09 and A(H3N2)
influenza during the post-2009 pandemic period.

Methods During four consecutive seasons of 2010/2011-2013/2014, nasopharyngeal or nasal and pha-
ryngeal swab samples from 153 patients with mild and 147 patients with severe influenza were tested
using real-time reverse transcription polymerase chain reaction (real-time RT PCR) assays.

Results The study indicated three statistically significant risk factors of influenza severity, including pres-
ence of chronic underlying illness/condition [odds ratio (OR) of 15.2, 95% confidence interval (Cl) of
1.8-125.4, p = 0.001), age >15 years (OR 9.2, 95% Cl 3.5-24.1, p < 0.001), and delay in medical care of
more than two days after the symptoms onset (OR 3.2, 95% Cl 1.6-6.4, p = 0.001).

Conclusion Obtained results confirmed that patients with chronic underlying illness/condition and
older than 15 years had the highest risk for serious complications from influenza and highlighted the
importance of start of antiviral therapy within the first two days of illness in order to reduce the risk for
the most severe outcomes of influenza, such as acute respiratory distress syndrome and lethal outcome.
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INTRODUCTION

Influenza is usually mild-to-moderate, self-lim-
ited, acute upper respiratory tract disease, but
each year severe complications develop in about
three to five million people worldwide [1]. Dur-
ing the pandemic of 2009, it became clear that
the existing systems of influenza surveillance
provide very limited data on severity of an influ-
enza season. To overcome this problem, WHO
recommended strengthening the monitoring of
influenza viruses and underlying risk conditions
that are specifically associated with severe clini-
cal presentations of influenza [2]. According to
the WHO case definition, influenza-like illness
(ILI) is an acute respiratory illness with the on-
set within the previous 10 days, body tempera-
ture of 238°C and cough, while severe acute
respiratory illness (SARI) is a type of ILI with
pronounced difficulties in breathing, demand-
ing hospitalization [3]. SARI may be presented
as primary viral or secondary bacterial pneu-
monia and exacerbation of chronic diseases. In
some cases SARI may progresses to the most
severe form of acute lung injury named acute
respiratory distress syndrome (ARDS).
Manifestations and clinical outcome of influ-
enza virus infection is a result of complex inter-
play between viral and host factors. Development
of severe influenza virus infections depends on
viral type- and strain-specific virulence determi-
nants, immunological and physiological charac-
teristics of host, and may also be influenced by

health-related behavior and medical treatment of
patients [4, 5, 6]. Advanced age, chronic medi-
cal conditions including chronic respiratory and
cardiovascular diseases, diabetes mellitus, chronic
liver or renal diseases and immunodeficiencies,
as well as pregnancy, are well known factors for
complications of influenza [1]. During the pan-
demic influenza outbreak in 2009, obesity was
also associated with severe A(HIN1)pdm09 in-
fections [7]. Most of the literature data concern-
ing risk factors for severe outcome of influenza
are focused on the influenza A(HIN1)pdmo09
infections during the 2009 pandemic outbreak
in developed, high-income countries, while data
for other influenza subtypes and from low- and
middle-income Central and Eastern European
countries are scarce [8, 9].

OBJECTIVE

The aim of this study was to investigate the
risk factors for severe A(HIN1)pdm09 and
A(H3N2) influenza during the post-2009 pan-
demic period in Vojvodina province, Serbia.
METHODS

Patients and real-time RT PCR testing

Centre for Virology at the Institute of Public
Health of Vojvodina conducts continuous viro-
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logical surveillance of influenza in the Vojvodina region in
collaboration with primary healthcare institutions, hospi-
tals and institutes of public health in the Vojvodina region,
Serbia. During four consecutive seasons, from 2010/2011
to 2013/2014, nasal and throat or nasopharyngeal swab
samples were taken from 887 patients when the WHO def-
initions for ILI or SARI [3] were met. Patients were asked
a set of questions about their age, height, weight, vaccine
status, and pre-existing health-conditions including ma-
lignancies, diabetes, chronic cardiovascular, respiratory,
liver, and kidney diseases, immunosuppressive conditions,
and pregnancy. The time from symptom onset to the first
medical contact and antiviral treatment was also record-
ed. The body mass index (BMI) was calculated for each
patient, except for pregnant women, using self-reported
weight and height and the following formula: weight in
kilograms divided by height in meters squared. Among
adults aged >19 years obesity was defined as BMI 230. For
patients aged up to 19 years, obesity was determined using
appropriate WHO BMI-for-age charts (http://www.who.
int/dietphysicalactivity/childhood/en/) and criteria that
BMI value of more than 2 SD above the mean is equivalent
to BMI >30 at 19 years.

Samples were transported to the Centre for Virology
and tested by real-time reverse transcription polymerase
chain reaction (real-time RT PCR) assays. Extraction
of viral RNA was done by QIAamp Viral RNA Mini Kit
(Qiagen, Hilden, Germany) according to manufacturer’s
instructions. Real-time RT PCR testing was performed
using influenza A type-specific and A(HIN1)pdmo09 and
A(H3N2) subtype-specific primer and probe sets provid-
ed by Centers for Disease Control and Prevention (CDC,
Atlanta, GA, USA) and AgPath-ID™ One-Step RT-PCR
Reagents (Applied Biosystems, Foster City, CA, USA).
Real-time RT PCR assays were performed on the Applied
Biosystems 7500 thermocycler according to the protocol
developed by the CDC (enclosed with the reagents). A
total of 300 patients with real-time RT PCR-confirmed
influenza A infections were included in this study.

Statistical analyses

Descriptive statistics was performed for all study vari-
ables. For continuous variables, the data were reported as
mean [with 95% confidence interval (CI)] and median
(with range), and for categorical variables as percentage.
For comparison of different variables between patients
with ILI and patients with SARI/ARDS, Student’s t-test and
Fisher’s exact test were used where appropriate. Variables
with p-values <0.05 were entered into logistic regression
models to identify factors associated with influenza sever-
ity. Severe influenza was assigned as a dependent variable
in logistic regression analysis, while independent variables
were the following: age group, influenza A subtype, the
average time from symptoms onset to the first medical
contact, the presence of any chronic underlying illness/
condition (CUI/C), the presence of more than 1 CUI/C,
and the presence of individual CUI/C. Age of the patient

and time from symptoms onset to hospitalization were
classified as two categories (<15 or >15 years, and <2 or
>2 days, respectively). Odds ratios (OR) and 95% CI were
calculated for each variable. Identified risk factors with
a p-value <0.05 in the univariate analysis were included
in a multivariate logistic regression model to assess inde-
pendent association with severity. A factor was defined
significant for p < 0.05 in the multivariate analysis. Statisti-
cal analyses were performed using IBM SPSS Statistics for
Windows, Version 21.0 (IBM Corp., Armonk, NY, USA).

RESULTS

The age distribution, distribution of influenza A virus
subtypes and underlying illnesses/conditions by clinical
manifestations of influenza are summarized in Table 1. In
the group of 300 influenza A positive patients, there was
approximately equal number of those who experienced
severe disease (49%, 153/300), and those with mild forms
of illness (51%, 147/300). A highly significant difference
(p < 0.001) between the mean and median age of those
who had uncomplicated influenza (mean age of 20.7 years,
95% CI 17.6-23.8, median age of 13 years, range of 1-81
years) and of those with severe illness (mean age of 47.8
years, 95% CI 44.7-50.9, median age of 51 years, range of
2-81) was found. Children aged 5-14 years dominated
among ILI cases (47.1%, 72/153), while most of the SARI/
ARDS cases were 30-64 (58.5%, 86/147) years of age.

Among 300 positive cases, A(HIN1)pdm09 and
A(H3N2) subtypes were almost equally represented
(48%, 144/300 and 52%, 156/300, respectively). Signifi-
cantly more SARI/ARDS cases were caused by influenza
A(HIN1)pdmo09 (66%, 97/147, p < 0.001), while sig-
nificantly more ILI cases were associated with A(H3N2)
(69.3%, 106/153, p < 0.001) subtype.

The presence of one or more CUI/C was recorded
in 40.7% (122/300) of patients positive for influenza A.
Chronic cardiovascular disease was the most common
underlying medical condition in positive patients (14.7%,
44/300). CUI/C were significantly more present in patients
with complications (73.5%, 108/147) compared to those
with mild form of disease (9.1%, 14/153, p < 0.001). All
detected comorbidities were statistically more common in
patients with SARI/ARDS than in patients with ILIL.

Differences in age distribution, and mean and median
age, between patients with severe A(HIN1)pdmO09 and
A(H3N2) influenza, were not significant, with the excep-
tion of children aged 5-14 years, which were recorded
only among A(H3N2) SARI/ARDS patients (10%, 5/50,
p =0.004) (Table 2). Persons 30-64 years old predominat-
ed in the group of influenza A(HIN1)pdmO09 with SARI/
ARDS (57.7%, 56/97), as well as in the A(H3N2) SARI/
ARDS group of patients (60%, 30/50). CUI/C were more
prevalent in the group of influenza A(HIN1)pdm09 SARI/
ARDS patients (80.4%, 78/97) then in A(H3N2) SARI/
ARDS patients (60%, 30/50, p = 0.0105). In regard to the
individual CUI/C, the only significant difference was ob-
served in the case of malignant diseases which were detected
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Table 1. Age distribution, distribution of influenza A virus subtypes, and underlying illnesses/conditions among patients with mild and severe

influenza

Characteristic Eo:;l(\),g @ :HRIS(_:?()SD Sﬁil/?f? a(g")/o) p
0-4 18 (6) 16 (10.5) 2(1.4) 0.001
5-14 77 (25.7) 72 (47.1) 5(3.4) <0.001
15-29 47 (15.7) 20(13.1) 27 (18.4) >0.05

Age (years) 30-64 127 (42.3) 41 (26.8) 86 (58.5) <0.001
=65 31(10.3) 4(2.6) 27 (18.4) <0.001
Mean (95% Cl) 34 (31.3-36.7) 20.7 (17.6-23.8) 47.8 (44.7-50.9) <0.001
Median (range) 33(1-84) 13 (1-81) 51 (2-84) <0.001

. H1N1pdmO09 144 (48) 47 (30.7) 97 (66) <0.001

Influenza A virus subtypes
H3N2 156 (52) 106 (69.3) 50 (34) <0.001
With CUI/C 122 (40.7) 14 (9.1) 108 (73.5) <0.001
One CUI/C 87 (29) 13 (8.5) 74 (50.3) <0.001
More than one CUI/C 35(11.7) 1(0.6) 34 (23.2) <0.001
Cardiovascular disease 44 (14.7) 11(7.2) 33(22.4) 0.0003
Respiratory disease 20 (6.7) 2(1.3) 18(12.2) 0.001

cul/cx Diabetes mellitus 13(4.3) - 13(8.8) <0.001
Malignancy 22(7.3) - 22 (14.9) <0.001
Immunodeficiency 35(11.7) 1(0.6) 34 (23.1) <0.001
Liver/renal disease 23(7.7) - 23 (15.6) <0.001
Obesity** 8(2.7) - 8(5.4) 0.003
Pregnancy 9(3) 1(0.6) 8(5.4) 0.0177

ILI - influenza-like iliness; SARI - severe acute respiratory illness; ARDS - acute respiratory distress syndrome; Cl - confidence interval; CUI/C - chronic underlying

illness/condition

* Patients with multiple chronic underlying illnesses or conditions were counted for each
** Body mass index equal to or greater than 30

Table 2. Age distribution and distribution of underlying ilinesses/conditions among patients with severe A(H1N1)pdm09 and A(H3N2) influenza

Severe A(HTN1) Severe A(H3N2)
Characteristic pdmO09 influenza influenza p
n=97 n=50

0-4 2(2.1) - >0.05
5-14 - 5(10) 0.004
15-29 22(22.7) 5(10) >0.05

Age (years) 30-64 56 (57.7) 30 (60) >0.05
>65 17(17.5) 10 (20) >0.05
Mean (95% Cl) 47.06 (43.28-50.85) 49.14 (43.44-54.84) >0.05
Median (range) 51 (2-83) 51.5 (6-84) >0.05
With CUI/C 78 (80.4) 30 (60) 0.0105
One CUI/C 52(53.6) 22 (44) >0.05
More than one CUI/C 26 (26.8) 8(16) >0.05
Cardiovascular disease 23(23.7) 10(20) >0.05
Respiratory disease 11(11.3) 7 (14) >0.05

cul/cx Diabetes mellitus 10(10.3) 3(6) >0.05
Malignancy 19(19.6) 3(6) 0.0298
Immunodeficiency 23(23.7) 11(22) >0.05
Liver/renal disease 17 (17.5) 6(12) >0.05
Obesity** 5(5.1) 3(6) >0.05
Pregnancy 4(4.1) 4 (8) >0.05

Cl - confidence interval; CUI/C - chronic underlying illness/condition

* Patients with multiple risk factors were counted for each
** Body mass index equal to or greater than 30

in 19.6% (19/97) of severely ill patients with A(HIN1)
pdmO09 infections, but in only 6% (3/50, p = 0.0298) of
patients with severe A(H3N2) influenza.

Differences in health seeking behavior and antiviral
treatment of patients with different clinical manifestation
of influenza are presented in Table 3. The mean time from
the onset of influenza symptoms to the first medical con-
tact was 2.3 days (95% CI 2.1-2.5 days) with a median of

| doi: 10.2298/SARH1612626R

two days (range 1-6) for ILI patients, and 3.3 days (95%
CI 2.9-3.6) with a median of three days (range 1-10 days)
for SARI/ARDS patients, which was significantly differ-
ent (p < 0.001). Patients with ARDS had the longest mean
delay before consultation (3.5, 95% CI 2.8-4.2). Data on
antiviral treatment were available for 91 patients with ILI
and 113 patients with SARI/ARDS. Antivirals were ad-
ministrated to 41.6% (47/113) of SARI/ARDS patients, but
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Table 3. Health care behavior and antiviral treatment of patients with different clinical manifestation of influenza

L SARI/ s Fatal "
Characteristic ILI ARDS SARI ARDS Casestr p
Total number of patients 153 147 126 21 9
Health care Mean time from the symptoms onset to the first 227 3.31 3.27 3.52 2.89 <0.001
behavior medical contact in days (95% Cl) (2.1-2.5) (2.9-3.6) (2.9-3.6) (2.8-4.2) (1.8-3.9) ’
Median time from the symptoms onset to the first 2 3 25 3 3 <0.001
medical contact in days (range) (1-6) (1-10) (1-10) (1-6) (1-5) :
Total number of patients 91 113 99 14 7
Number of patients who received the antiviral 6 47 40 7 5 <0.001
Antiviral treatment (%) (6.6) (41.6) (40.4) (50) (71.4) ’
ivi
therapy Number of patients who received the antiviral 4 31 25 1 1
treatment within 48h from symptoms onset (%) (66.7) (65.9) (62.5) (14.3) (20) 205
Number of patients who received the antiviral 2 16 15 6 4 ’
treatment >48h from symptoms onset (%) (33.3) (34.1) (37.5) (85.7) (71.4)

ILI - influenza-like iliness; SARI - severe acute respiratory illness; ARDS — acute respiratory distress syndrome; Cl - confidence interval

* Significance of difference between ILI and SARI/ARDS cases
** SARI cases without ARDS
*** SARI and ARDS cases with fatal outcome

Table 4. Results of the logistic regression analysis with severe influenza as depended variable

i Univariate regression analysis Multivariate regression analysis
Risk factor
OR 95% Cl p OR 95% ClI p
Age >15 27.1 11.8-61.7 <0.001 9.2 3.5-24.1 <0.001
Influenza A subtype | A(HIN1)pdm09 44 2.7-71 <0.001 1.7 0.8-3.3 0.146
Health care More than two days from the
b - symptom onset to the first medical 26 1.6-4.2 <0.001 3.2 1.6-6.4 0.001
ehavior
contact
With CUI/C 27.5 14.2-53.2 <0.001 15.2 1.8-1254 0.011
More than 1 CUI/C 59 0.7-47.5 0.091 - - -
Cardiovascular disease 39 1.9-8.1 <0.001 0.7 0.3-2.8 0.107
Respiratory disease 10.5 2.4-46.3 0.002 0.9 0.4-3.6 0.382
cui/c Diabetes mellitus 6.5 1.4-29.7 0.016 0.5 0.2-4.5 0.575
Malignancy 284 3.8-1134 0.001 1.6 0.1-24.3 0.741
Immunodeficiency 45.7 6.2-339.1 <0.001 4.7 0.3-70.4 0.262
Liver/renal disease 315 4.2-135.9 0.001 2.0 0.2-24.0 0.583
Obesity* 34 0.7-17.1 0.138 - - -
Pregnancy 8.7 1.1-70.8 0.042 0,7 0.1-13.5 0.815

OR - odds ratio; CI - confidence interval; CUI/C - chronic underlying iliness/condition

* Body mass index equal to or greater than 30

only 6.6% (6/91, p>0.001) of ILI patients received antiviral
therapy. Among cases with serious complications of influ-
enza, more patients with SARI received antivirals within
two days from the symptoms onset (62.5%, 25/40), com-
paring to the patients with ARDS (14.3%, 1/7, p = 0.0347),
and the patients who died (20%, 1/5). Out of 300 patients,
only five patients (1.7%) — four with ILI and one with SARI
- had a history of vaccination against influenza.

Three percent (9/300) of all positive cases and 6.1%
(9/147) of all severe cases had fatal outcome. All patients
who died had A(HIN1)pdmO09 influenza, and most
of them were 30-64 years old (66.7%, 6/9) and had the
CUI/C (88.9%, 8/9 (data not shown in the table). The
mean time from the onset of symptoms to hospital admis-
sion was 2.9 days (95% CI 1.8-3.9) with a median of three
days (range of 1-5 days). The mean time from symptoms
onset to death was 8.9 days (5.5-12.3) with a median of 9
days (range of 1-15 days) (data not shown in the table).

The univariate logistic regression analysis revealed
that age 215 years (OR 27.1, 95% CI 11.8-61.7), being
infected with influenza A(HIN1)pdmo09 (OR 4.4, 95% CI
2.7-7.1), having CUI/C (OR 27.5, 95% CI 14.2-53.2), and

more than two days from the symptoms onset to the first
medical contact (OR 2.6, 95% CI 1.6-4.2) were signifi-
cantly (p < 0.001) associated with severe diseases (Table
4). All individual CUI/C, except obesity, were associated
with complicated forms of influenza. Among them, im-
munocompromised patients had the highest risk of having
SARI/ARDS (OR 45.7,95% CI 6.2-339.1, p < 0.001). In the
multivariate analysis, three variables remained statistically
significant prediction factors of influenza severity, includ-
ing CUI/C (OR 15.2,95% CI 1.8-125.4, p = 0.001), age of
>15 years (OR 9.2, 95% CI 3.5-24.1, p < 0.001), and delay
in medical care more than two days after the symptoms
onset (OR 3.2,95% CI 1.6-6.4, p = 0.001).

DISCUSSION

The results of our study demonstrated that almost 60% of
ILI cases were children aged <15 years, and more than 90%
of these children had an uncomplicated form of influenza.
The lack of preexisting immunity together with factors
facilitating the virus transmission (shedding the greater
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quantities of virus for longer periods of time than adults;
prolonged stay in crowded indoor environments such are
schools and daycare facilities), make children more sus-
ceptible to influenza virus infections. However, their ef-
ficient innate immune mechanisms and adaptive T cell im-
mune response, most likely, protect them from developing
severe disease [10]. On the other hand, children younger
than five years of age are at higher risk from influenza
complications due to the immature immune system [8].
Still, in the present study, the children aged <5 years were
significantly more present among ILI (10.5%) than among
SARI/ARDS (1.4%) cases, and almost 90% of the children
of that age had a mild form of illness.

It is well known that despite having no greater risk of
infection comparing to younger adults, older adults suffer
the highest rates of hospitalization and mortality due to
influenza [11]. In this study, almost 60% of SARI/ARDS
and almost 70% of fatal cases were patients 30-64 years
old. About two thirds of patients from that age group had
SARI/ARDS. Moreover, patients 265 years old accounted
for only about 10% of the whole sample, but almost 90%
of them had complicated forms of illness. Similarly to our
tindings, Zhang et al. [12] discovered that severe influenza
virus infections occurred most frequently in the oldest
population (>60 years old), but the absolute number of
adults aged 20-60 with severe illness was higher than in
those >60 years old. It can be assumed that adults are par-
tially protected against influenza due to cross-reactive im-
munity generated during previous exposures to influenza
A viruses. However, such relative protection is probably
impaired by underlying diseases which are more common
in adults than in children. Chronic diseases themselves
and low immunity caused by them can induce progression
of influenza to more serious forms, and influenza might
in turn aggravate patients’ chronic illness. In this investi-
gation, CUI/C were present in almost 75% of severely ill
patients and in less than 10% of patients with mild form
of the disease. Moreover, eight out of nine fatal cases had
one or more CUI/C, which was in accordance with the
McCullers’s and Hyden’s [13] suggestion that seasonal in-
fluenza rarely kills without a secondary cause.

Of all patients with severe influenza enrolled into our
study, 5.4% were pregnant, 5.4% were obese, and obesity
was recorded in 25% of patients who died. The specific
changes in physiology (increased heart rate, stroke volume,
oxygen consumption, and decreased lung capacity) and al-
terations in cell-mediated immunity in pregnancy increase
the risk for severe influenza [7]. Obesity is associated with
various comorbidities that are risk factors for influenza
complications, such as diabetes, chronic cardiovascular
or pulmonary diseases [14], and it is also an independent
risk factor for severe influenza probably due the decreased
pulmonary function and immunodysregulation involving
adipokines [15]. Van Kerkhove et al. [11] reported that,
according to pooled data from 19 countries and regions,
during the pandemic of 2009, pregnant women were about
seven times more likely to be hospitalized comparing to
non-pregnant women, and that the proportion of obese
patients increased with disease severity and represented

| doi: 10.2298/SARH1612626R

a median of 6%, 11.3%, and 12% of all hospitalized, ICU-
admitted, and fatal cases, respectively.

This investigation revealed that serious complications
developed in 26.5% of previously healthy individuals with-
out CUI/C. That finding may be explained by the immu-
nosenescence in the elderly (a decline in functionality of
the innate and adaptive immune system) [16], or by heri-
table predisposition to severe outcome of influenza inde-
pendent of viral strain, preexisting immunity and the age,
leading to pathological immune response (the so-called
cytokine storm) [17].

The present study demonstrated that patients with ILI
had significantly shorter delay before medical consultation
than patients with SARI/ARDS (2.3 vs. 3.3 days). In rela-
tion to our results, Van Cauteren et al. [5] reported slightly
shorter (1.9 days) mean time from the symptoms onset to
the first medical consultation for ILI patients, while Kuszni-
erz et al. [14] recorded 4.3 days for non-fatal hospitalized
patients. Among patients who died, the disease progres-
sion was rapid, with a median time of three days from the
symptoms onset to hospital admission, and a median time
of nine days to death. During the pandemic of 2009, Santa-
Olalla Peralta et al. [18] recorded that fatal cases had the
median time of three days from the onset of the illness to
the hospitalization, and a median time of 13 days to death.

The time from the onset of symptoms to initiation of
antiviral treatment is the key factor in reducing the sever-
ity of influenza infections [6, 7]. In this study, among se-
verely ill cases, antiviral therapy was administrated within
two days from the onset of symptoms significantly more
often to patients with SARI (62.5%) than to patients with
ARDS (14.3%) and, although nonsignificantly, to patients
who died (20%). These results suggest that prompt admin-
istration of antivirals could reduce the risk for most severe
complications of influenza, ARDS and the fatal outcome.
Although flu vaccine effectiveness can vary depending
on characteristics of the person being vaccinated (such as
their age and health) and antigenic similarity between the
vaccine and circulating influenza viruses, the vaccination
can significantly reduce the risk of getting ill from flu and
the risk of more serious outcomes [19]. The proportion
of vaccinated persons in this study was only 1.7%, which
is consistent with overall low flu vaccine coverage in our
country and in some other Eastern European countries [9].

Both influenza subtypes were approximately equally
represented among positive patients, but their distribution
in groups with different clinical manifestations of influ-
enza varied significantly. Two thirds of SARI/ARDS cases
were caused by influenza A(HIN1)pdm09 subtype, while
almost 70% of ILI cases were associated with A(H3N2).
There are few published comparisons of manifestation and
outcomes of A(HIN1)pdm09 and A(H3N2) influenza.
During the pandemic of 2009, it was recorded that infec-
tions caused by the new A(HIN1)pdmO09 virus appear to
be indistinguishable in severity and symptoms from sea-
sonal A(HIN1) or A(H3N2) influenza [4]. Most patients
experienced uncomplicated illness, while severe disease
developed in only a small subset of patients. The majority
of the A(HIN1)pdm09 viruses contain none of the known
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genetic hallmarks of highly pathogenic influenza virus-
es and there is no evidence for the significant antigenic
changes [4, 15]. Only minor proportion of currently cir-
culating A(HIN1)pdmO09 strains (<1.8%) contain D222G
mutation in hemagglutinin gene, which allows deep access
to the lungs [20]. However, recent studies have reported
changes in the epidemiology of the A(HIN1)pdm09 in-
fection which are reminiscent of outbreaks in historical
post-pandemic periods. Namely, the age-specific shift of
A(H1IN1)pdm09 infections towards adults, consistent with
a development of A(HIN1)pdmO09-specific immunity in
younger populations that had the highest infection rates
during the pandemic of 2009, has been observed [21].
The synergism between A(HIN1)pdmO09 viruses and
chronic underlying conditions mostly prevalent in older
adults resulted in increased severity of influenza A(HIN1)
pdm09 infections, which has been detected in our study
and which is in line with the results of other researchers
[21]. In contrast, high levels of immunity against A(HIN1)
pdmO09 viruses naturally acquired during the pandemic of
2009 made children more susceptible to infections with
A(H3N2) viruses in subsequent years.

Our conclusions were also confirmed by the results of
logistic regression analysis. Three independent risk factors
for severe clinical disease were identified. Patients with
CUI/C had about 15 times, and patients aged >15 years
had about nine times higher the risk from severe influenza.
The odds of severe disease in patients who asked for medi-
cal help more than two days after the symptoms onset (OR
3.2) was lower, but still significant.

This study had a number of limitations. The patients
enrolled into this study represented only a small fraction
of the total number of influenza cases in the population of
Vojvodina, due to limitations of the passive surveillance
system. Passive sentinel influenza surveillance system is
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daKTopM pM3nKa 32 HACTaHAK TelKuX uHdayeHua A BUpYCHUX MHPeEKLMja nocae

naHaemuje 2009. rognHe

JeneHa PagoBaHoB', /iBaHa XptbakoBuh-LigjeTkosuh'? Hatawa Hukonuh'2, Anekcangpa JosaHosuh-fanosuh', lopaaHa
KoBauesuh', Anekcangpa Matuh'?, Ypow Munowesuh?3, BecHa Munowwesuh'?

"MHcTuTyT 32 jaBHO 30paBsbe BojeoayHe, LieHTap 3a Bupyconorujy, Hosu Cag, Cpbuja;
?Ynusep3utet y Hosom Cagy, MeguumHckm dpakyntet, Hosu Cag, Cpbuja;

*KnuHnuky ueHTap Bojsogute, Hou Cag, Cpbuja

KPATAK CAOPKAJ

YBopg Y nutepaTypu NocToje Beoma OCKyAHU NogaLm o GpakTo-
priMa pu3rKa 3a HacTaHaK TeWKKX obnvka nHbnyeHue nocne
naHgemunje 2009. rognHe y 3emwama LieHtpanHe n Uctoune
EBpone.

Lium papa Lins oor paga 6v1o je aa ce ncnutajy paktopu pu-
311Ka 3a HacTaHaK Tewkux A(H1N1)pdm09 n A(H3N2) nHdnyeH-
Lia BUpYCHUX MHbeKuwmja nocne naHgemmje 2009. roguHe.
MeTopae paaa Y3o0puu HazodpaprHreanHyx 6pucesa nnv 6pu-
ceBa Hoca 1 rpna 153 nauujeHta ca 6narum u 147 naumjeHata
ca TeLKUM 0bMkom nHbyeHLe Tectpanu cy real-time RT PCR
TecToBMMA Ha npucycTeo uHdnyeHua A(H1N1)pdm09 n A(H3N2)
BUpYyCa.

Pesyntatu /cTpaxuBatbe je yKasano Ha YeTMpy CTaTUCTUYKK
3HavajHa paKTopa pr3mKa 3a HacTaHaK TeLIKUX CilyyajeBa UH-
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dnyeHLe, yKibyuyjyhr nprcycTBo XpoHUYHE bonecTr/cTama
(OR 15,2; 95% CI 1.8-125,4; p = 0,001), y3pact 215 rogmHa (OR
9,2;95% Cl 3,5-24,1; p < 0,0001) 1 ognarare MEAULINHCKE KOH-
CynTauyje Brile Of ABa JaHa HAKOH nouetka 6onectu (OR 3,2;
95% CI 1,6-6,4; p = 0,001).

3ak/byuak Ha ocHOBY pe3yntaTa OBOT NCTpPaXKMBara MOXe
Ce 3aK/byuuTy fja Cy NaLUjeHTH Ca XPOHUYHMM 060sbetbrMa/
CTarbUMa 1 cTapuju o 15 rogmHa 6vnu nog Hajsehvim prismkom
0f 036UbHUX KOMMNMKaLWja MHONYEHLE, Kao 1 fia je NpUMeHa
aHTMBMPYCHe Tepanuje y NpBa ABa AaHa 6onecTn 3HayajHa 3a
CMatbere pPU3MKa Of HajTEXMX KOMMIMKaLMja.

KmbyuHe peun: nHonyeHua A; akyTHa pecnmpaTopHa Hbek-
uwja; real-time PCR

MpuxesaheH « Accepted: 04/10/2016



DOI: 10.2298/SARH1612633R
UDC: 616.72-002-08

Srp Arh Celok Lek. 2016 Nov-Dec;144(11-12):633-638

OPUTMHAJTHM PALL / ORIGINAL ARTICLE

Quality of osteoarthritis care in family medicine
— A cross-sectional study
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SUMMARY

Introduction Effective treatments for osteoarthritis are available, yet little is known about the quality of
primary care in the Republic of Srpska for this disabling condition.

Objective The main objective of this study was to analyze the overall quality of osteoarthritis treatment
in a family medicine setting, as well as to explore whether the achievement of quality indicators was
associated with particular patient characteristics and severity of osteoarthritis.

Methods The cross-sectional study included 120 patients with confirmed hand, knee, and hip osteoarthri-
tis, recruited at seven family practices in the town of Ugljevik, Republic of Srpska, Bosnia and Herzegovina.
Data were extracted from a patient questionnaire on quality indicators, as well as from their electronic
and paper records, to assess care against 14 indicators. The included quality indicators were based on
the Arthritis Foundation’s Quality Indicator set for Osteoarthritis. Summary achievement rates for hip,
knee, or hand osteoarthritis, as well as for the total sample, were calculated.

Results The mean achievement rate for all 14 quality indicators obtained from medical records was
74%, and 77% obtained from patient interview. The quality indicators concerning referral for weight
reduction (23%) and pharmacological treatment (24%) had the lowest achievement rates, whereas the
highest achievement rates were related to physical examination (100%), pain and functional assessment
(100%), and education (90.8%). Patients physical functioning was significantly associated with the quality
indicator achievement rate (p = 0.001).

Conclusion Pharmacological therapy and the referral of osteoarthritis patients in need of weight reduc-

tion seem to have the greatest potential for improvement in primary health care.
Keywords: osteoarthritis; quality of care; quality indicator; family medicine

INTRODUCTION

Osteoarthritis (OA) is the most common
chronic disorder, which usually results in
joint pain and deformity, ultimately lead-
ing to chronic disability. Hence, it becomes a
significant medical and financial burden in a
world with ageing population [1]. Symptoms
of OA are often insidious and can be highly
variable, depending on the affected joint and
the severity and the number of joints affected,
with the joint pain as the first and predominant
symptom. Other manifestations are self-limited
morning stiffness, the crepitus on palpation,
tenderness over the affected joint on palpation
and frequently reduction in joint range of mo-
tion. As the disease progresses, patient gradu-
ally experiences progressively severe joint dis-
comfort and increasing difficulty with activities
of daily living [1, 2, 3].

OA is a highly prevalent disease, but little
attention has previously been paid to the qual-
ity of health care delivered for this disease,
and to performance in the processes of care.
Routine audit and feedback on provided care
is needed to improve the quality of that care.
Several studies have demonstrated regional and
subspecialty variations in the use of pharma-
cological, non-pharmacological, and surgical
treatment modalities in patients with OA [4,

5]. Although systematic measurement of health
care quality can lead to improvements in terms
of care delivered to patients with OA [6, 7, 8],
it is difficult to define what constitutes qual-
ity because standard sets of measures to assess
quality vary considerably. A systematic review
by Edwards et al. [9] identified a range of indi-
cators for OA which have a good evidence base,
are consistent with international guidance, and
many of which have been implemented previ-
ously.

The quality of care is also influenced by pa-
tients’ declared and real expectations. Patient
often express expectations about information
and treatment, for instance. Nevertheless, this
expectation is variable, not uniformly shared
between patients and physicians or during the
therapeutic course. This expectation can be less
a need for more information than a need for
re-assurance and pain control [10].

However, very little is known about the
quality of care family physicians provide for
this disabling condition.

OBJECTIVE

The main objective of this study was to analyze
the overall quality of OA treatment in a family
medicine setting in one town in the Republic
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of Srpska as well as to explore whether the achievement
of quality indicators (QIs) was associated with particular
patient characteristics and severity of OA.

METHODS
Patients

A cross-sectional study included patients with confirmed
hand, knee, and hip OA, recruited at seven family practices
in the Primary Health Care in Ugljevik, the Republic of
Srpska, Bosnia and Herzegovina, with the inclusion period
from January 1, 2014 to May 31, 2014.

The sample size for the population of 398 patients with
OA included in regional Osteoarthritis Registry, with the
confidence interval of 7.67% and confidence level of 95%
was calculated to be 116.

Inclusion criteria were age of =55 years, clinical diag-
nosis of primary hand, hip, and knee OA based on joint
pain on most days for at least one month in the previous
year (with at least two of the following symptoms: stift-
ness, crepitus, bony tenderness, and bony enlargement)
and radiological diagnosis of OA (joint space narrow-
ing, osteophytes, subchondral cysts, and bony sclerosis).
Individuals with any evidence of secondary OA, inflam-
matory arthritis, and those with neurologic diseases were
excluded. The patients were contacted for permission to be
included in the study and were asked to give their written
informed consent.

The study was conducted in accordance with the World
Medical Association Declaration of Helsinki of 1964, with
the approval of the Ethical Committee of the Medical Fac-
ulty of Foca, University of East Sarajevo.

Instruments

A standardized questionnaire was used to collect data re-
garding the patients’ characteristics such as gender, age,
occupational status, smoking habits, physical activity, body
mass index, duration of the disease, and self-reported co-
morbidities.

Depending on the type of the osteoarthritic joint most
affected, questionnaires on physical functioning were cho-
sen as follows: the Knee Injury and Osteoarthritis Out-
comes Score (KOOS-PS), the Hip Disability and Osteo-
arthritis Outcomes Score (HOOS-PS) and the Michigan
Hand Outcomes Questionnaire (MHQ). The KOOS-PS
is a shortened version of KOOS, developed by Perruccio
etal. [11] in 2008, consisting of seven questions about the
knee physical functions, scored by summing the responses
to the seven items of the KOOS-PS score, with the results
interval scored from 0 to 100. The HOOS-PS is the short-
ened version of HOOS, developed by Davis et al. [12] in
2008 and Bond et al. [13]. It comprises five questions in-
cluding climbing down the stairs, getting in or out of bath
and sitting, running and twisting on loaded leg. Responses
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in KOOS-PS and HOOS-PS were graded on a five-point
Likert scale. A score from 0 to 100 was determined by
crosswalk table of raw scores for each subscale, with 0 rep-
resenting the best results. The MHQ covers the following
six domains: (1) overall hand function, (2) activities of
daily living, (3) pain, (4) work performance, (5) aesthet-
ics, and (6) patients’ satisfaction with hand function. The
last four of these domains are scored for the right and left
hand separately. Each item is scored on a 1 to 5 scale, with
the domain scores ranging from 0 to 100. If both hands
are affected, the left and right hand scale scores are aver-
aged to obtain the score. For every domain, a higher score
indicates better hand function, except for the pain domain,
where a higher score means more pain. The total score (the
average of all domains) ranges from 0 to 100, with a higher
score indicating a better hand function [14].

According to the level of the scores, physical function of
the joints was classified as normal or with mild, moderate,
severe, Or very severe impairment.

The patients completed the questionnaire after consul-
tation with a family physician. The questionnaires were
administered and handled by the researchers.

The MHQ, KOOS-PS, and HOOS-PS were translated
into Serbian and linguistically validated [15]. The internal
consistency reliability of the Serbian version of the ques-
tionnaires was assessed by Cronbach’s alpha coefficient,
while their convergent validity was assessed by Spearman’s
correlation coefficient.

In testing for internal consistency, Cronbach’s alphas
ranged from 0.78 for the HOOS-PS, 0.82 for the KOOS-
PS, t0 0.91 for the MHQ (values >0.7 for Cronbach’s alpha
are considered a good internal consistency). The reliabil-
ity using Spearman’s correlation demonstrated substantial
agreement, ranging from 0.86 for the HOOS-PS to 0.94
for the MHQ.

The Serbian versions of the MHQ, KOOS-PS, and
HOOS-PS were shown to be reliable and valid tools for
assessing of the hand, knee, and hip osteoarthritic joint
physical functioning in Serbian-speaking patients.

Derivation of Qls

In order to assess the quality of care of patients with OA,
questionnaires based on the Arthritis Foundation’s Qual-
ity Indicator set were used [16]. This indicator set cov-
ers regular physical examination and assessment of pain
and functioning (QI 1-3), the provision of education (QI
4), instructions on exercise and weight management (QI
5-8), assessment of need for assistive devices (QI 9-10),
the provision of pharmacological and surgical treatment
(QI 11-13), and the provision of radiographs (QI 14). The
data were extracted from the patient questionnaire on QI
as well as from their electronic and paper records, to assess
care against the 14 indicators. All aspects of the electronic
medical records were included in the search for evidence
of QIs, such as free text. The entire paper record from the
date of diagnosis was also included.
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Statistical analysis

Statistical analyses were carried out using SPSS Statistics
for Windows, Version 17.0 (SPSS Inc., Chicago, IL, USA).
Means and standard deviations (SD) for continuous vari-
ables and frequency and percentage for categorical vari-
ables were used to describe the data.

The mean scores of KOOS-PS, HOOS-PS, and MHQ were
calculated for the different studied subgroups, and the nor-
mality of their distributions was tested by the Kolmogorov-
Smirnov test. Differences between patients with hip, knee,
and hand OA were analyzed by one-way analysis of variance
(ANOVA) and between medians by the Kruskal-Wallis test.
P-values less than 0.05 were considered significant.

QI achievement rates were calculated for each QI sepa-
rately and for the study sample as a whole, in which the
numerator represents the number of patients achieving the
indicators and the denominator represents the number of
eligible persons. Correspondingly, summary achievement
rates for each person were calculated as the total number
of QIs they passed, divided by the total number of QIs for
which they were eligible. Summary achievement rates were
calculated using the data obtained from medical records
as well as from patients’ interviews. The achievement rates
are presented as percentages.

We also analyzed factors for variation in QI achievement
rates in bivariate regression analyses, employing the follow-
ing independent variables: age, gender, occupation, place
of living, duration of disease and health-related quality of
life measured by the HOOS-PS/HOOS-PS/MHQ scores.

RESULTS

The total number of registered patients with hip, knee, and
hand OA as recruited from family medicine practices was
127. Five patients were excluded from the study due to the
co-presence of rheumatoid arthritis, and two due to second-
ary OA. For the patients who fulfilled criteria to be included
in the study, the response rate was 100%. Demographic
characteristics of the patients are presented in Table 1.

All three, knee, hip, and hand OA groups, reported high
scores on the KOOS-PS/HOOS-PS/MHQ scales. More than
one third (35%) of patients had severely impaired physical
functioning. Differences between means of the three groups
were not found (F = 1.992; p = 0.920) (Table 2).

The Kruskal-Wallis one-way analysis of variance
showed that housewives and farmers had more severe
functional impairments compared to the respondents with
other occupations (H = 20.868; p < 0.001). The respon-
dents with longer duration of the disease had more prob-
lems with physical functioning (H = 14.847; p = 0.011). A
statistically significant difference in terms of severity of
functional impairments was found in relation to the value
of body mass index (H = 4.005, p = 0.009). Obese patients
had more severe OA, not only in the hips and the knees,
but also in non-weight bearing joints, hands (Table 3).

There were large variations in terms of achievement
rates for different QI items (Table 4). The mean QI

Table 1. Patients’ characteristics (n = 120)

Characteristic n %
Female 83 69.0
Gender
Male 37 31.0
Farmer 24 20.0
Housewife 47 39.0
Occupation Age retiree 10 8.0
Blue collar jobs 22 18.0
White collar jobs 17 15.0
. Town 45 375
Place of living -
Rural region 75 62.5
X Yes 21 17.5
Smoking
No 99 82.5
. .. | Yes 16 13.0
Physical activity
No 104 87.0
Hip 29 24.0
Localization Knee 56 47.0
Hands 35 29.0
o Other chronic disease 97 81.0
Comorbidity*
None 23 19.0
<1 8 6.7
o 1-3 38 320
Time since 46 36 300
diagnosis (year)
7-10 22 18.0
>10 16 133

*Hypertension, diabetes mellitus, asthma, chronic obstructive pulmonary
disease

Table 2. Distribution of joints affected according to intensity of impair-
ment in physical functioning (KOOS-PS/HOOS-PS/MQH score)

) ) ) Joint affected
:’Tnpcatli:gent 0 il Hands Knee Hips
n % n % n %

Mild 5 14.70 7 12.50 13.16
Moderate 10 |2940| 14 |[25.00| 7 |23.68
Severe 12 13240 20 (3542 11 |36.84
Very severe 8 |2350| 15 |27.08| 7 |2532
Total 35 100 | 56 | 100 | 29 | 100

achievement rate for all 14 QIs obtained from medical re-
cords was 74%, and 77% obtained from patient interview.
Quality measures using patient interview almost mirrored
medical record findings. The QI concerning referral for
weight reduction (QI 8) had the lowest level achievement
rate, with 23% of the self-reported overweighed persons
being referred to weight loss program. The achievement
rates for pharmacological treatment (QIs 11 and 12) were
40.4% and 24%, respectively. Although only 13% of the
respondents reported being physically active, the achieve-
ment rate for receiving information about the importance
of physical activity and exercise was 78%.

The results of bivariate regression analysis show that
patient physical functioning is significantly associated with
QI summary achievement rate (p = 0.001), with non- stan-
dardized B = 5.9 (95% CI 2.3-8.7). Patients with higher
scores on HOOS-PS/KOOS-PS and MHQ questionnaires
had higher achievement rates. Age, gender, occupation,
place of residence, and duration of the disease were not
associated with the QI achievement rate.
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Table 3. Distribution of severity of functional impairments according to body mass index (BMI) value, smoking status, physical activity, duration

of the disease, and occupation

Characteristic Mild Moderate Severe Very severe H* p
19-24.9 5 6 4 0
BMI 25-29.9 8 21 10 8 4.005 0.009
>30 3 4 28 23
. Yes 3 10 12 13
Smoking 2.935 0.402
No 13 21 30 18
. o Yes 2 6 4 4
Physical activity 1.458 0.482
No 14 25 38 27
<1 4 1 2
. p 1-3 4 15 17 2
Duration of the -, 7 4 9 14 9 20.868 <0.001
disease (years)
7-10 4 3 4 11
>10 0 2 6 8
Farmer 2 6 7 9
Housewife 4 9 15 19
Occupation Age retiree 4 1 4 1 14.847 0.011
Blue collar jobs 5 8 9 0
White collar jobs 3 7 6

*Kruskal-Wallis test

Table 4. Achievement rate of quality indicators (Ql)

Q6] Number of patients Achievement rate in Achievement rate in
eligible medical records (%) patient interview (%)
Physical examination 1 120 100.0 100.0
. . 2 120 100.0 100.0
Pain and functional assessment
3 120 100.0 100.0
Education 4 120 90.8 100.0
Exercise 5 120 78.0 78.0
6 85 84.7 86.0
Weight loss 7 85 84.7 86.0
8 71 23.0 23.0
L . 9 97 83.0 83.0
Assistive devices
10 104 90.4 92.0
) 11 47 40.4 420
Pharmacologic therapy
12 30 24.0 26.0
Surgery 13 54 75.9 78.0
Radiographs 14 73 79.0 79.0
Mean Ql achievement rate 74.0 77.0

DISCUSSION

This study used 14 indicators to measure the quality of
primary care for OA, and the data on quality were ob-
tained using patient interview and medical records. We
found that the mean QI achievement rate was 74%, which
is higher than the findings in other studies [17, 18, 19].
The achievement rates or pharmacological treatment was
lower than in the other studies [19]. Around 40% of eli-
gible patients used acetaminophen as the first drug choice
to treat the OA pain. Data available from both medical
records and patient interview showed that only 24% of
patients had a trial of maximum acetaminophen dosage
before switching to a different oral analgesic. Since the
treatment of OA pain is such a common clinical prob-
lem, it seems an obvious area in which evidence-based
treatment decisions should be directed towards the im-
plementation of the existing guidelines or used to build
stronger clinical guidelines. On the other hand, patients
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have to play central roles in determining their own care
and have different preferences when choosing treatment.
This may vary across cultural and ethnic backgrounds, re-
lating to beliefs about healthcare in general and treatment
in particular. Frequently, OA patients have preferences for
complementary therapy, alternative medicine or invasive
treatments such as injections [20]. Adherence is another
barrier to treatment success. It is suggested that adherence
to any intervention in OA is between 50% and 95%, but as
these estimates are mainly derived from clinical trials, the
real levels in clinical practice are likely to be much lower.

The finding that the referral for weight reduction had
the lowest pass rate is in accordance with other studies
[18]. The fact that only 23% of those who were overweight
had been referred to weight reduction counseling might
simply reflect that the majority of the respondents came
from rural settings where community-based service for
overweight people is not available. On the other hand, the
high achievement rate for QI on exercise might reflect that
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81% of the respondents had at least one chronic disease
other than OA, such as hypertension or diabetes, and that
there are many similarities between recommendation for
non-pharmacological treatment of comorbidities and OA.

Bivariate regression analysis showed that the patient’s
physical functioning was significantly associated with the
QI summary achievement rate. The effects of OA severity
or the severity of functional impairment on the achieve-
ment rate might be explained by aspects of the condition
and of the service, such as the age-related nature of OA
and the likelihood of patients with a more severe condition
consulting more often.

Although bivariate regression analysis did not show any
significant association between occupation, body mass in-
dex, or duration of the disease and severity of functional
impairments, the Kruskal-Wallis test showed that obese
patients, farmers, and housewives, as well as patients with
longer duration of the disease, had more severe impairments
or worse score on the HOOS-PS/KOOS-PS/MQH question-
naires compared to the other respondents, indicating that
these groups should be given special attention [18, 19].

Other authors have also assessed the quality of the OA
treatment using different QI sets than what we used in the
present study. For example, Askari et al. [21] reviewed the
use of the ACOVE QIs in 17 studies and found that the
interquartile range score of 29-41% for OA was the low-
est score among the diseases reviewed [22], while Li et al.
[23] reported the achievement rate on four QIs to be 22%.
Although the QI achievement rate in the present study
was higher, it is difficult to make a comparison because
the study samples, settings and methods differ. However,
large variations in achievement rates for different QI items
point out that there is substantial room for improvement
of OA care in the town of Ugljevik and that more attention
should be paid to the education of family physicians in the
field of rheumatology, such as OA management, as well as
to the improvement of collaboration with rheumatologists.
Future research and efforts for improving OA care should
be directed towards the development and implementation
of clinical guidelines for OA care.

The strength of this study is that the data on QI achieve-
ment rate were obtained from patients and had been vali-
dated against medical records, making it possible to assess
the care received and perceived. The study sample was not
subjected to selection bias related to the family physicians
recruiting participants. The indicators refer to health care
processes rather than outcomes, and as such may be more
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KBanuter neyerba 0CTEO0APTPUTUCA Y NOPOAMUHOj MEAULMHM — CTYAM]jA NPeceKa

Maja Paunh', MuneHa Townh?, Cphan Mawmh'

'YHuBep3uTeT y VicTouHom Capajey, MeanumHcki dakyntet, Kateapa 3a npumapHy 34paBCTBEHY 3aLUTUTY 1 jaBHO 3apaBrbe, Moua, Penybnika

Cpncka, bocHa n XepuerosuHa;
’[lom 3apaBba, YribeBuk, Peny6nuka Cpncka, bocHa 1 XepLerosuHa

KPATAK CAZIP?KAJ

YBop EdeKTVBHM TpeTMaH 3a 0CTE0AaPTPUTUC Cy Ha pacmno-
naratby, anu Maso ce 3Ha O KBanuUTeTy 6pure 3a OBO CTakbe y
NPYMapHOj 30paBCTBEHO] 3aWTUTK Penybnvike Cprcke.

Linsb papa [MaBHM Lnsb NCTPaXmBatba je aHanm3mpaTun KBanu-
TeT TpeTMaHa 0CTe0apTPUTICa Y MOPOANYHO]j MEAVLIMHM, Kao 1
VCMWTaTV Aa SV je MOCTU3akbe MHAMKATOPa KBaIMTETa NoBe3a-
HO ca ofpeheHnM KapaKkTepucTikama 6oecHKa U TEXNHOM
ocTeoapTpUTUCa.

MeTtope papa Crynuja npeceka je obyxsatuna 120 6onecHmKa
ca AujarHoCcTMGUKOBaHNM OCTEOAPTPUTMCOM LuakKa, KofleHa 1
KyKOBa, PermcTpoBaH/M y cefiam TMMOBa NMOPOANYHE MeANLIN-
He y YribeBuKy. [logaum 3a npoLieHy Here Kpo3 14 nHamkatopa
KBanuTeTa Cy NPUKYN/beHN aHKETUParbeM NaLjeHata v 13 ti-
XOBVIX 3APaBCTBEHMX KapToHa. M360p nHAvKaTopa je 3acHoBaH
Ha ceTy nHaukaTtopa keanuteta oHpaumje 3a aptputuc (The
Arthritis Foundation’s Quality Indicator set for Osteoarthritis). Cro-

MpumrbeH « Received: 16/11/2015

doi: 10.2298/SARH1612633R

PeBusunja « Revision: 17/02/2016

Mne ocTBapeHa Cy M3payyHaTe 3a 0OCTE0aPTPUTUC KyKa, KOJleHa
WK LIAKE, Kao 1 3a YKYMHM y30paK.

Pesyntatu Cpeptba cTona octBapeha 3a carix 14 nHamKatopa
KBanuTeTa JOOMjEHNX 13 MEANLIMHCKE AOKYMEHTaLMje N3HOCH-
na je 74% v 77% pobujeHnx aHKeTVparbem nauujeHTa. HajHuxe
cTone Cy MOCTUrHyTe y nornedy ynyhueaka Ha caBeToBak-e pagu
CMakbeHba TEXMHE (23%) 1 GapMaKonoLLKor TpeTMaHa (24%), [OK
Cy Ce HajBuLLe cTomne ofHocue Ha dr3ukantu nperneq (100%),
60n 1 dyHKLMOHanHy npoLeHy (100%), Te obpasoBakse (90,8%).
®u3nuko GyHKLMOHNCakbE MaLyjeHTa je 61no 3HauajHO NoBe3a-
HO Ca CTOMOM OCTBapeHba nHarKatopa (p = 0,001).

3aKsbyyak Y npyMapHoj 34paBCTBEHO]j 3alITUTUTK Tpeba no-
60sblwaTh papMaKOOLWKM TPETMAH OCTEOAPTPUTMICA, Ko 1
nosehaty ycMepaBare naumjeHata ca noeehaHom TenecHom
TEXMHOM Ha tbeHy pefyKLuujy.

KmbyuHe peun: ocTe0apTpuTUC; KBANWUTET Here; UHANKATOP
KBanuTeTa; NOPOAUYHA MeAVLIHA
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MPUKA3 BOJIECHUKA / CASE REPORT

The onset of systemic lupus erythematosus and
thyroid dysfunction following Graves’ disease
— A case report and literature review

Yuanyuan Zhanga', Xiaoyan Xiaoa', Qiufa Haoa', Xianhua Lia', Jianmin Renb? Zhao Hu'

'Qilu Hospital of Shandong University, Department of Nephrology, Jinan, China;
2Qilu Hospital of Shandong University, Department of Endocrinology, Jinan, China

SUMMARY

Introduction Graves'disease is a multifactorial autoimmune thyroid disease, with the presence of typical
circulating autoantibodies that can activate the thyroid hormone receptors, resulting in hyperthyroidism,
goiter, and ophthalmopathy. Systemic lupus erythematosus is a multi-systemic autoimmune disease
that involves almost all the organs of the human body and is characterized by autoantibodies forma-
tion. Several studies have reported that autoimmune thyroid and rheumatic disorders can present an
unusual relationship.

Case Outline We report a case of a middle-aged woman who presented with systemic lupus erythe-
matosus one year after being diagnosed with Graves' disease. Prednisone and cyclophosphamide were
administered to control the development of systemic lupus erythematosus. Furthermore, a percutane-
ous thyroid biopsy was performed for further confirmation of Graves’ disease. Methimazole instead of
propylthiouracil was added into the therapeutic scheme. A month later, the patient’s clinical manifesta-
tion and laboratory tests got significant improvement, except that new thyroid dysfunction appeared
opposite to the original one. The administration of anti-thyroid drug was discontinued. With a period
of decreased administration of prednisone, the patient’s thyroid function gradually got back to normal
levels without any levothyroxine replacement.

Conclusion In conclusion, the clinical use of prednisone and antithyroid drugs may result in instability
of the hypothalamus-pituitary-thyroid axis, and thyroid function should be carefully monitored in such

patients.

Keywords: Graves' disease; systemic lupus erythematosus; thyroid dysfunction

INTRODUCTION

Graves’ disease (GD) is a multifactorial autoim-
mune thyroid disease (AITD), with the pres-
ence of typical circulating autoantibodies which
could activate the thyroid hormone receptor,
resulting in hyperthyroidism, goiter, and oph-
thalmopathy [1]. Systemic lupus erythematosus
(SLE), as a multi-organ autoimmune disorder,
is characterized by a loss of self-tolerance and
organ dysfunction. The autoantibodies are mis-
takenly directed to attack healthy tissue [2, 3].
The association between thyroid disease and
SLE was first mentioned in 1961 by White et
al. [4] and Hijmans et al. [5]. Moreover, thyroid
disorders appear to be more frequent in SLE
patients [6]. Several studies have reported that
a pathogenic association of AITD with SLE may
exist in a wide range of variability [7, 8, 9]. The
mechanisms by which AITD may be linked to
systemic autoimmune diseases have not been
fully clarified yet; however, alterations of com-
mon pathways are suggested by shared genetic
variants affecting autoantigen presentation and
regulation of the immune response [8].
Herein, we report a case of a diagnosis of
GD and SLE, followed by the development of
a new thyroid dysfunction after prednisone
and cyclophosphamide (CTX) treatment. We

also reviewed the medical literature on thyroid
problems induced by the glucocorticoids usage.

CASE REPORT

A 48-year-old woman who complained of
palpitation, hyperidrosis, for one year and
edema of lower extremities for two months
was admitted to Qilu Hospital of Shandong
University in March 2015. The woman com-
plained of weakness, dysphoria, chest tight-
ness and wheezes after exercise, irregular
menstruation for one year, and weight loss of
5 kg in two months. She was diagnosed with
GD, hypertension, and coronary heart disease
in the local hospital. She received propylthio-
uracil (PTU), metoprolol, valsartan, and inda-
pamide for treatment and the symptoms were
soon relieved. However, two months later,
edema of lower extremities, alopecia, skin ery-
thema, irregular fever, and foam urine started
presenting themselves and the patient was re-
ferred to Qilu Hospital of Shandong University
for further treatment.

On physical examination, her temperature
was 36.2°, pulse was 101 beats/min. and regu-
lar, respiratory rate was 23 breaths/min., and
blood pressure was 161/89 mmHg. The physi-
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cal examination revealed poor spirit, angular face, and
erythematous patches on her neck. Diffuse goiter and ax-
illary lymph nodes were palpated. No tremor or vascular
murmur could be found in the thyroid. Increased breath
sounds were listened to on both sides of the chest. The
abdomen was remarkable for splenomegaly. There was
marked edema of lower extremities.

After the admission on March 25, 2015, the patient un-
derwent a series of laboratory tests and imaging examina-
tions. The laboratory data are listed in Table 1. Chest and
abdomen computed tomography revealed focal fibrosis
and hydrothorax of double lung, hydropericardium, cho-
lecystitis, hydrocholecystis, pancreatitis, splenomegaly,
and the mediastinal lymph node enlargement. Doppler
sonography of the thyroid showed multiple thyroid nod-
ules (goiter with adenoma).

The patient was diagnosed as GD; SLE, lupus nephri-
tis; hypertension (Grade 2; extremely high risk group);
and coronary heart disease. The disease activity index of
SLE (SLEDAI) was 14. Percutaneous renal biopsy was per-
formed. The histological findings were membranoprolifera-
tive glomerulonephritis along with “full-house” deposits by
immunofluorescence staining, which was considered lupus
nephritis (WHO IV-Ga, Figure 1). The electron microscope
further showed the deposits were electron-dense and dif-
fusely located in the subendothelial, subcutaneous, and me-
sangial area consistent with lupus nephritis (WHO IV-Ga,
Figure 2). The patient was treated with prednisone 1 mg/kg/
day along with CTX 0.6 g/m? per month. Fine-needle aspi-
ration biopsy (FNAB) of the thyroid was performed. FNAB
showed cellular smear with similar features to hyperplastic
nodule (Figure 3). PTU was discontinued and methimazole
(10 mg bid) was added in case of PTU-induced lupus.

After two weeks, the patient was alleviated with disap-
peared erythematous patches, fever and relieved edema.
Urinalyses revealed white blood cell count (WBC) 30 p/
ul, red blood cell count (RBC) 444.3 p/pL, proteinuria/24h
11.29 g. Blood routine showed hemoglobin (HGB) 128 g/L
(115-150). Hepatic and renal function demonstrated serum
creatinine 75 pmol/L (53-97), albumin 22.1 g/L (40-55).
Her treatment was continued according to the original plan.
A month later, the laboratory analysis revealed urine WBC
10.56 p/pL, RBC 24.42 p/uL, proteinuria/24h 5.43 g; HGB
112 g/L (115-150); serum albumin 18.3 g/L (40-55). Thy-
rotropin (TSH) 0.01 pIU/ml (0.35-4.94), free triiodothy-
ronine (FT3) 1.54 pmol/L (2.63-5.70), and free thyroxine
(FT4) 5.15 pmol/L (9.01-19.05) were all below the normal
level. Methimazole was discontinued. She continued to re-
ceive prednisone 1 mg/kg/day plus CTX 0.6 g/m* again.
Two months later, her clinical manifestation and labora-
tory index improved significantly. Laboratory test results
included proteinuria/24h 3.35g; serum albumin 24.6 g/L
(40-55) and antinuclear antibodies (ANAs) positive for
(1:160). TSH 0.211 puIU/ml (0.35-4.94), FT3 1.54 pmol/L
(2.63-5.70) and FT4 5.15 pmol/L (9.01-19.05), were still
below the normal level. Amounts of prednisone were re-
duced by 10% of the original amount every two weeks and
she continued to receive CTX 0.6 g/m?*. After three months,
laboratory data showed proteinuria/24h 0.95 g, HGB 112

| doi: 10.2298/SARH1612639Z

Table 1. Laboratory data on the patient’s first admission

Parameter Value
WBC (x109/L) 5.13
RBC (x1012/L) 3.24
Blood routine Hb (g/L) 920
HCT (%) 25.1
Platelet (x109/L) 146
pH 5.0
Glucose -
Occult blood 3+
. RBC (p/ul) 46.2
Urine WBC (p/pl) 58.2
Ketone body -
ACR (g9/9) 8.01
k/\ (0.75-4) 1.56
Albumin (mg/L) 1960
Urine renal tubular 32-MG (mg/L) 0.22
function al-MG (mg/L) 166
IgG (mg/L) (0-14) 159
Hepatitis B surface B
Hepatitis and tumor antigen
marker Hepatitis C antibody -
Tumor marker -
Total protein (g/L) 355
Albumin (g/L) 15.6
ALT (IU/L) 8.0
AST (IU/L) 17.0
v-GTP (IU/L) 19.0
LDL-C (mmol/L) 2.95
TG (mmol/L) 1.41
. . HDL-C (mmol/L) 1.21
Biochemistry BUN (mmol/L) 11.72
Cre (umol/L) 70
eGFR (mg/min/1.73m2) 88.2
UA (umol/L) 590
K (mmol/L) 4.29
Cl (mmol/L) 108
Na (mmol/L) 136
Ca (mmol/L) 1.68
TSH (ulU/ml) <0.003
FT3 (pmol/L) 8.39
. FT4 (pmol/L) 15.12
Thyroid-related TPO-Ab (IU/ml) 650.81
TG-Ab (IU/ml) 245.95
TR-Ab (uIU/ml) (0-1.22) 5.66
ANAs 1:320
dsDNA(IU/ml)(<100) 82.97
c-ANCA (U/ml) (<5) 4.0
p-ANCA (U/ml) (<5) 0.53
GBM-Ab -
ACL-IgG (U/ml)(<10) 2.49
ACL-IgM (U/ml)(<10) 2.84
SSA-Ab -
SSB-Ab -
Sm-Ab -
Rheumatic-related Jo-1-Ab -
Scl-70-Ab -
nRNP-/Sm-Ab -
AMA (<1:20) -
GPI (mg/L) (<0.2) 0.12
ACPA (Ru/ml) (<25) 4.15
Serum C3(g/L) 0.42
Serum C4(g/L) 0.094
IgG (g/L) 7.12
IgA (g/L) 3.25
IgM (g/L) 0.80
CD3+ cells (%) 734
Type of T cells CD3+CD4+/CD3+CD8+ 0.84
CD3+CD4+ cells (%) 32.28
CD3+CD8+ cells (%) 38.54
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silver methenamine) staining; A: HE staining (x100); B: HE staining (x400); C: HE staining of tubulointerstitial (x400); D: Masson staining (x400);

E: PAS staining (x400); F: PASM staining (x400)

Figure 2. Renal electron microscopy (magnification x6,000): glomeru-
lar basement membrane (thin arrow), podocyte (thick arrow), electron
deposits (arrowheads), vessel lumen (star)

g/L (115-150), serum albumin 30.8 g/L (40-55), ANAs <:80
(<1:80), anti-double stranded DNA antibody (anti-dsDNA)
3.97 U/ml (0-100), TSH 0.684 pIU/ml (0.35-4.94), FT3 1.56
pmol/L (2.63-5.70), FT4 6.38 pmol/L (9.01-19.05), which
all showed significant improvement. On the follow-up four
months later, kidney and thyroid function were essentially
back to normal range, and proteinuria was approximately
0.18 g/ 24 h. The patient’s thyroid function from the hospi-
talization to the last follow-up is shown in Graph 1. Changes
of serum albumin and urine protein of the previous seven
months are shown in Graph 2.

DISCUSSION

Several studies have revealed a conceivable relationship
between thyroid disease and SLE [7,.8, 9]. Both GD and
SLE are multi-systemic autoimmune disorders sharing
common genetic basis. The strongest association for both

Figure 3. Thyroid tissue fine-needle aspiration biopsy with HE staining; A: magnification x40; B: magnification x100
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Graph 1. Patient’s thyroid function change from hospitalization in
March 2015 to the last follow-up

FT3 - free triiodothyronine; FT4 - free thyroxine; TSH — thyrotropin
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Graph 2. Corresponding change in serum albumin and urine protein
from March 2015 to the last follow-up

GD and SLE are HLA haplotypes including HLA-BS,
HLA-DR3 and inositol 1,4,5-triphosphate receptor type
3 (ITPR3) [8, 10]. Sex hormones have been considered to
be responsible for susceptibility to autoimmune disease
through modulation of Th1/Th2 response. Estrogens ap-
pear to promote autoimmune disease with a type 2 cyto-
kine profile, such as in GD and SLE [11]. Therefore, our
case with both GD and SLE is not accidental.

Drug-induced lupus (DIL) related to PTU is not rare,
therefore correct diagnosis of idiopathic or drug induced
lupus is very important for patients treated with PTU. DIL
is characterized as musculoskeletal (joint and muscle)
pain, serositis and constitutional manifestations such as
fever, fatigue, and loss of appetite [12]. Laboratory find-
ings of DIL, specifically serum positivity for ANAs and
antihistone antibodies, along with negative anti-Smith
antibodies, anti-dsDNA and normal complement pro-
file are common. Classic mucocutaneous signs including
malar erythema, discoid lesions, hair loss, and oral ulcers
are also common in DIL. However, renal or neurologic
manifestations are not usually involved in it. The course
of DIL is usually benign and remission over several weeks
after discontinuation of the inducing drug is usually seen.
There is less chance of DIL in this middle-aged woman
with PTU for one year, considering unmatched clinical
and serologic manifestations.

In addition, GD can present with similar manifestations
of SLE due to overlapping clinical and laboratory criteria.
The differentiation between these two diseases requires

‘ doi: 10.2298/SARH1612639Z

careful laboratory evaluation. Diagnosis of SLE should
be suspected if patients are diagnosed with GD or have
received PTU with characteristic symptoms of SLE and
positive ANA. Patients with GD who display SLE but not
enough for a diagnosis of SLE should be closely followed
up for avoiding misdiagnoses and mistreatments.

Glucocorticoids commonly used for the treatment of
SLE can inhibit the secretion of serum TSH, and reduce
the thyroid hormone by several mechanisms. There are
numerous targets of drug interaction on the pathways of
thyroid hormone at different phases of synthesis, secre-
tion, and transport in the circulation and metabolism
[13]. Being the single best marker of thyroid function,
serum TSH values are usually low or normal in patients
with hyperthyroidism, but they are usually high due to the
biologically inactive TSH secretion [13, 14]. Some experts
have reported that high-dose glucocorticoids suppress the
secretion of TSH in hypothyroid patients and normal sub-
jects [15]. Glucocorticoids may suppress the secretion of
TSH depending on protein kinase C [16]. Recently, high
doses of glucocorticoids have been found to play a role in
decreasing the level of TRH mRNA in human hypothala-
mus, which may illustrate the mechanism by which lower
TSH levels are secreted from the pituitary gland [17]. In
addition, glucocorticoids can impair peripheral 5’-deio-
dination of T4 and lower serum thyroid binding globulin
(TBG) level [18]; therefore, serum concentrations of TT4,
FT4, and TT3 might decrease.

Glucocorticoids are commonly used for treatment of
SLE due to its immunosuppressive effects, but their use
can lead to thyroid dysfunction, especially in patients
receiving antithyroid agents. We reviewed the literature
of patients with thyroid dysfunction induced by use of
various glucocorticoids and related data is shown in Ta-
ble 2. Most of the patients were female with mean age of
43 years. It is believed that thyroid dysfunction induced
by glucocorticoid cessation may be the rebound of im-
mune activity [19, 20, 21]. Bartalena et al. [22] reported
that Graves hyperthyroidism and ophthalmopathy occur
during chronic low-dose glucocorticoid therapy. They sug-
gested that a high dose of glucocorticoids for the treatment
of severe Graves” ophthalmopathy might indeed suppress
the disease as well. However, the low dose use might ag-
gravate the disease [22]. Glucocorticoids can lower serum
potassium and induce thyroid periodic paralysis by several
mechanisms such as an increased Na+/K+-ATPase pool
in skeletal muscles, steroid-induced hyperinsulinemia,
and hyperglycemia [23]. Interestingly, we observed the
patient developed a new onset of thyroid dysfunction in
which FT3, FT4, and TSH are all below the normal level
and may be called “central hypothyroidism” after receiving
glucocorticoid and CTX in our case. To our knowledge,
there are no reported cases of developing “central hypo-
thyroidism” with simultaneous treatment with glucocor-
ticoids and antithyroid agents. The possibility of “central
hypothyroidism” in our case could be speculated upon as
follows: glucocorticoid can decrease secretion of TSH and
lower serum TSH level through direct effects on TRH in
the hypothalamus [18]. Glucocorticoid and methimazole
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Table 2. Thyroid dysfunction induced by the use of glucocorticoids

Reference Maruyama et al. [19] Nagai et al. [20] Morita et al. [21] Bartalena et al. [22] Wong;alo[gr;]sert et
Age (years) 51 42 53 38 23
Sex F F F F M
Primary disease RA, CLT Uveitis AR PV CIDP,GD
Inducing factors Dexamethasone Prednisone cessation Celestamine Oral prednisone Pulse.
cessation cessation methylprednisolone
Manifestations Thyrotoxicosis Goiter Hand tremor Thyrotoxicosis Paralysis
Pathology CLT HT None None None
Diagnosis CLT HT PT GD TPP
Treatment None None Thiamazole Radioiodine Potassium
Recovery time (months) 2 2 14 4 Several hours
Follow-up time (months) 9 3 18 Not given Not given
Outcome Hypothyroidism Euthyroid Euthyroid Euthyroid Euthyroid

F - female; M — male; RA - rheumatic arthritis; CLT - chronic lymphocytic thyroiditis; AR - allergic rhinitis; PV — pemphigus vulgaris; CIDP - chronic inflammatory

demyelinating polyneuropathy; GD - Graves' disease; HT — Hashimoto's thyroiditis; PT - painless thyroiditis; TPP — thyrotoxic periodic paralysis

decreased the level of thyroid hormone at the beginning
of treatment; however, thyroid-stimulating hormone level
does not immediately increase because of glucocorticoid
inhibitory effect on hypothalamus. Therefore, reduced use
of anti-thyroid drugs should be considered in patients who
developed GD with other diseases received both glucocor-
ticoid and anti-thyroid drugs to avoid instability of the hy-
pothalamus-pituitary-thyroid axis. We didn’t administer
levothyroxine replacement since the patient had suffered
from GD before. Her thyroid function improved mark-
edly along with prednisone reduction as expected. As the
pattern of thyroid dysfunction may actually reflect a sick
euthyroid state that may normalize after hypercortisolism
is resolved, we recommend withholding thyroid hormone
replacement under this condition.

In summary, SLE and Graves’ disease are systemic au-
toimmune diseases sharing common genetic basis and
similar clinical manifestations. The clinical use of pred-
nisone and antithyroid drugs may result in instability of
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JaB/barbe cuctemckor epuTemckor aynyca u ,qMCd)yHKLI,VIje LWTUTACTe XXae3ae
TOKOM Fpech—Ba3ep,oarbeBe 6onectu - NpUKas3 b6onecHuKka u nperneg nntepartype
JyanjyaH Llanra', CjaojaH Cjaoa', hyda Xaoa', CjaHxya Jlna', heHmuH XeH6? Llao Xy'

'bonHuua, huny" YHneepauteta , LlaHpoHr", Opgerberbe 3a Hedponorujy, hruHah, KnuHa;
*bonHnua, huny” YHusepsuteta, WaHaoHr’, Ogerbetse 3a enpgokprHonorujy, hrHax, Kua

KPATAK CAZIP?KAJ

YBop pejsc-baseposbeBa 6onect je MynTrdpakTopHa ayTou-
MyHa 6onecT WTnTacTe Xne3ae, y3 NpUCyCTBO TUMMYHUX LIMPKY-
nuwyhnx ayToaHTUTENa Koja MOry akTUBMPaTK peLienTop Xop-
MOHa LUTUTACTe XIe3/e, LUTO pe3ynTmpa XMnepTupovan3mMom,
rywasoLwhy 1 odpranmonatujom. CUCTEMCKM epUTEMCKI NyMyC
je MynTuccTeMcKa ayToMmyHa 6onecT Koja yTrue Ha CKopo cBe
opraHe JbyfiCKOT TeNna, a Kojy KapakTepuiie popmmparbe aHTu-
Tena. Y HeKOJMKO CTyAvja je HaBeAeHO fja ay TOUMYHN TUPOUAHN
1 peymaTtckm nopemehajy Mory ycrnocTaBuTyi HeEO61YaH OfHOC.
Mpuka3s 6onecHuKa lMprKasyjemo ciyyaj cpefoBeyHe XeHe
KOjoj Ce jaBMO CUCTEMCKM epUTEMCKI NyNyC rofuHY faHa no-
LUTO joj je ycnocTaB/beHa AvjarHo3a pejsc-basefoBmbese 60-
nectu. lNpenucanu cy joj npegHNCoH 1 uuknodpochamma Kako
611 ce orpaH1YMO pPa3Boj CUCTEMCKOT epuTeMCKOr Jiymyca. Y3
TO je U3BpLUEHa NepKyTaHa b1oncmja WTnTacTe Xaesge 3a no-

MpumrbeH « Received: 21/12/2015

doi: 10.2298/SARH1612639Z

PeBusuja « Revision: 27/04/2016

TBpAYy AnjarHo3e pejec-basenosrbese 6onectu. Y Tepanujy je
yBeleH MeTMa30/1 yMecTo nponuntuoypaumna. Mecew fgaHa
KacHuje KNMHMYKa CA1Ka 1 1abopaTopujckn Hanasm 3HadyajHo
Cy ce nobosbLIany, C TMM LITO ce HOBa ANChYHKLMja WTHUTaC-
Te XNe3fe jaBuia Kao CynpoTHOCT NPBOGUTHOj ANCHYHKLIMjU.
MpekuHyTa je NpYMeHa aHTUTUPOUAHMUX NEeKOBa. Y3 CMarbeHy
npyYMeHy npegH1coHa GyHKLMja WTnTacTe xnesge 6onecHu-
Lle NoCTeNeHo ce BpaTuia Ha HOPMaJIHK HYBO 6e3 yBohetba
NEeBOTUPOKCHHA.

3ak/mbyyak KnvHnyka npumeHa npeaHUCoHa 1 aHTUTUPOUS-
HUX JIeKOBa MOXe pe3ynTnpaTn HectabunHolwhy oce xmnota-
namyc — xunodmsa — LUTUTaCTa »Kne3pa, Te b1 Kof TakBUx bonec-
HUKa Tpebasno Nax/bMBo NPaTUTN GYHKLM]Y LUTUTACTE Xe3ae.

KmyuHe peumn: [pejec-ba3efoB/beBa 60necT; CcTeMCcKM epu-
TEMCKU Nynyc; AUCcGyHKUMja LWTUTaCTe Xnesae
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Synchronous advanced pulmonary tuberculosis
and acute virus myocarditis mimicked Wegener
granulomatosis in a 26-year-old man — A case report
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SUMMARY

Introduction Tuberculosis patients are rarely asymptomatic. Acute virus myocarditis presents with a wide
range of symptoms, from mild dyspnea or chest pain to cardiogenic shock and death.

Case Outline A 26-year-old Caucasian man non-smoker presented with one-week history of lower ex-
tremities’ swelling. The patient’s medical history also revealed a two-day episode of subfebrile tem-
perature with scanty hemoptysis three weeks prior to admission. The episode had not provoked him to
seek medical care. Physical examination revealed generalized oedema, and laboratory analysis showed
signs of acute renal insufficiency. Enlarged heart and hilar shadows, bilateral massive cavitary pulmo-
nary opacities and pleural effusion were found at chest radiography. Sputum smears were Mycobacteria
negative on direct microscopy. Electrocardiogram changes and echocardiography were suggestive of
acute myocarditis with dilated cardiomyopathy. IgM titer to adenovirus was positive. Under diuretics,
angiotensin-converting-enzyme inhibitor, beta-blocker, antibiotics and bed rest, fast heart compensation
and renal function repair were achieved. Radiographic pulmonary changes promptly regressed except
for a cavity in the right upper lobe. Bronchial aspirate from the affected lobe was Mycobacteria positive
on direct microscopy and culture positive for Mycobacterium tuberculosis. Standard anti-tuberculosis
drug regimen led to recovery.

Conclusion In the unusual common existence of two diseases whose presentation initially mimicked
Wegener's granulomatosis, acute dilated cardiomyopathy contributed to pulmonary tuberculosis detec-
tion. To prevent diagnostic delay in tuberculosis, further efforts in population education are necessary
together with continual medical education.

Keywords: tuberculosis, pulmonary; myocarditis, viral; cardiomyopathy; diagnostics; oedema; renal

insufficiency

INTRODUCTION

Tuberculosis (TB), declared global emergency
by the World Health Organization, is an infec-
tious disease caused by Mycobacterium tuber-
culosis complex. A total of 9.6 million people
worldwide developed active TB and 1.5 million
people died from the curable disease in 2014
[1]. Although TB may affect any organ, in 96%
of the cases it starts in the lungs [2]. TB preva-
lence in a community influences the risk of be-
ing infected and the risk of developing TB in
infected patients depends on many factors that
determine human immunity [3]. Bacteriologic
confirmation is the gold diagnostic standard.
Myocarditis is inflammation of the myo-
cardium accompanied by myocellular necro-
sis, usually caused by infectious agents [4]. It
represents a significant cause of death espe-
cially in young patients [5]. Viral myocarditis
is most frequently caused by parvovirus B19,
human herpes virus 6, coxsackievirus, and
adenovirus [6]. Acute myocarditis should be
considered in patients who present with recent
onset of cardiac failure and/or arrhythmia [6].
Although endomyocardial biopsy with viral
genome detection is considered the gold stan-

dard in the diagnostics of viral myocarditis, it is
not routinely used in all suspected cases [7, 8].
Presence of viral genome in the myocardium
of patients with acute dilated cardiomyopathy
has no functional and prognostic relevance [9].

We aimed to describe a rare condition: syn-
chronous existence of two atypically presented
diseases that initially mimicked Wegener’s
granulomatosis. The Ethics Board of the Clinical
Centre of Serbia in Belgrade has approved the
case report to be published in a medical journal.

CASE REPORT

A previously healthy 26-year-old non-smoker
Caucasian man presented to emergency room
with one-week history of rapidly progressive
low extremities” swelling without other com-
plaints. The patient’s medical history revealed a
two-day episode of subfebrile temperature and
scanty hemoptysis three weeks prior to admis-
sion. He never went to see a doctor for that and
denied history of alcohol abuse, toxic exposure
or sick contact. He was a guest to his relatives,
coming from a high TB prevalence and a post-
war country.

Correspondence to:

Dragica PESUT

Teaching Hospital of Pulmonol-
ogy

Clinical Center of Serbia

Dr Koste Todorovica 26

11000 Belgrade

Serbia
dragica.pesut@mfub.bg.ac.rs



646

Pesut D. P. et al. Synchronous advanced pulmonary tuberculosis and acute virus myocarditis mimicked Wegener granulomatosis

Figure 2. Posteroanterior chest radiography on admission: enlarged
heart and hilar shadows, diffuse pulmonary parenchymal opacities,
partially excavated, especially expressed in the right infraclavicular
and left perihilar fields with bilateral obliteration of costophrenic sinus

Inspection showed heavy generalized edema espe-
cially expressed in lower extremities. The patient’s vital
signs were as follows: 1) blood pressure: 105/70 mmHg; 2)
body temperature: 36.4°C; 3) respiratory rate: 16 breaths/
min.; 4) heart and pulse rate: 88 beats/min.;and 5) oxy-
gen saturation 95% while breathing room air. Ausculta-
tion revealed decreased pulmonary sound and crackles
over pulmonary bases. Results of peripheral blood labora-
tory tests were within normal limits, including complete
blood count, except for signs of renal insufficiency [urea:
12.2 mmol/L (range: 2.5-7.5), creatinine: 193 umol/L
(range: 53-124), sK*: 5.6 mmol/L (range: 3.5-5.1)]. Elec-
trocardiogram (ECG) changes are shown in Figure 1 and
standard posteroanterior chest radiography in Figure 2.
Apart from pulmonary and pleural changes, radiographic
findings suggested that cardiomegaly was possible by the
ratio of the heart diameter to that of the chest. The findings
were completed with chest tomography (Figure 3), which
was suggestive of granulomatosis Wegener. Negative vas-
culitis serology made the diagnosis of vasculitisless likely.

Echocardiography revealed signs of acute myocarditis:
significant enlargement of the left ventricle following dila-
tative cardiomyopathy pattern with significantly reduced
its systolic function (ejection fraction: 37%); changed hy-
poechogenic myocardial structure with thicker wall and
septum that correlated with myocardial oedema during
acute myocarditis; low degree mitral regurgitation due
to dilatation of the left ventricle and pericardial dissocia-
tion with minimal pericardial effusion as signs of cardiac

‘ doi: 10.2298/SARH1612645P

Figure 3. Frontal chest radio tomography on admission (9 cm): bilat-
eral massive lung patchy infiltrates, partly excavated, together with
renal insufficiency, might suggest Wegener’s granulomatosis

Figure 4. Chest radiography seven days after admission; under diuret-
ic (and antibiotic) treatment, left-sided pleural effusion disappeared
(clearly shaped left diaphragm and costophrenic sinus) together with
majority of pulmonary shadows that belonged to hydrostatic pulmo-
nary oedema

failure. Immuno-serologic examination was negative for
systemic disease and IgM titer to adenovirus was positive.

The patient responded well to furosemide, angiotensin-
converting-enzyme inhibitor, calcium channel blocker,
bed rest, and antibiotic. Generalized oedema promptly
diminished and disappeared in several days and radio-
graphic changes regressed significantly (Figure 4). Cardiac
compensation was achieved and renal function normal-
ized. ECG and echocardiography findings suggested re-
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Figure 5. Chest tomography six weeks later showed irregularly shaped
excavated thickened wall shadow 3 x 4 cm in size in the right upper

pulmonary lobe

Figure 6. Frontal chest radio tomography (9 cm): typical slow regres-
sion of the right upper lobe cavity (Figure 5) two months after the
commencement of the anti-tuberculosis treatment

- =

Figure 7. Standard chest radiography one year later: normally sized
heart shadow; sequelae tuberculosis in the right upper lobe (second
intercostal space) and obtuse right costophrenic sinus due to pleural
adhesion

gression of myocarditis and left ventricle function recov-
ery. Six weeks later, all radiographic pulmonary changes
regressed except for one in the right upper lobe (Figure
5). Asymptomatic patient’s stabile cardiac condition al-
lowed continuation of the necessary diagnostic procedure.
Bronchoscopy showed normal bronchial tree, and aspirate
from the area of radiographic changes was acid fast bacilli
positive on direct microscopy. Culture was positive for My-
cobacterium tuberculosis.

Anti-tuberculosis treatment started following standard-
ized short course regimen. Regression was evident on
chest tomography two months later, at the end of the initial
phase of treatment (Figure 6). The therapy was continued
for the next four months until the end of the regimen.

The patient came for a medical examination one
year later, having no respiratory complaints, at which time
chest radiography was performed (Figure 7). Transient
ventricular premature beats (bigeminy) were registered
and further cardiologic follow-up and treatment were rec-
ommended.

DISCUSSION

We presented a case of acute adenovirus myocarditis,
which happened to be helpful in detection of advanced
pulmonary TB. Atypically, our patient presented with-
out fatigue, appetite or weight loss, sweating and cough.
Cough is the most common symptom, and hemoptysis ap-
pears in about 20% of patients with pulmonary TB [2, 10].
Together with sneezing, singing or loud speaking, cough is
considered crucial in the production of infectious droplet
nuclei and spreading of the airborne infection [3]. Thus,
absence of cough in patients with cavitary TB is especially
important from the public health point of view. Moreover,
on admission, the patient was acid-fast bacilli sputum
smear negative on direct microscopy, which additionally
diminished his presence as a serious source of infection.

Diagnosis of acute myocarditis is based on symptoms/
signs, electrocardiography and echocardiography [11, 12].
The clinical picture may vary, ranging from asymptomatic
courses to severe illness and the necessity of intensive care
therapy [13]. Our patient had no symptoms related to an
infectious disease or cardiac failure until rapidly grow-
ing low extremities’ oedema appeared. These were the
only reason of his concern and coming to see a doctor.
We could not but to mention fulminant myocarditis as
a distinct entity characterized by sudden onset of severe
congestive heart failure or cardiogenic shock. Adenovirus
is among its known causes. It usually develops following
a flu-like illness, which missed in our patient, who had a
stable hemodynamic state during the course of the disease,
absence of symptoms such as dyspnea, chest pain, fever,
cough or palpitations, and relatively fast recovery under
diuretics, angiotensin-converting-enzyme inhibitors and
bed rest.

Biopsy for diagnosis of myocarditis in patients who pres-
ent clinically with congestive heart failure can be useful
[14]. Although it remained the gold standard in diagno-
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sis of viral myocarditis, it is used infrequently due to per-
ceived risks and the lack of a widely accepted and sensitive
histological standard [7, 15]. Serologic test alone is not
considered valid for diagnosis, but together with clinical
presentation, ECG, radiographic and echocardiographic
findings it was adequate to suggest etiology of acute myo-
carditis and dilated cardiomyopathy in the presented case.
The role of many viruses detected in cardiac tissue in caus-
ing myocarditis is controversial and even in forensic studies
the issue remains challenging. One of the recent studies
showed that adenovirus, enterovirus, and parvovirus B19
were found to be rare causes of myocarditis-related death
[16]. It is suggested that noninvasive cardiac magnetic reso-
nance imaging might provide an alternative method for
diagnosis and its use is recommended as early as possible
at onset of the disease when its validity is the highest. Re-
cent research on patients in whom acute myocarditis was
clinically suspected for the first time confirmed association
of left ventricle transmural myocardial oedema evidenced
by contrast-enhanced cardiac magnetic resonance and T
wave inversion [17]. The latter has been registered in our
patient’s ECG (Figure 1) and also associated with myocar-
dial oedema in the presence of minimal pericardial effusion
on echocardiography. The pathophysiologic mechanisms
of electrocardiographic T-wave inversion occurring in pa-
tients with acute myocarditis remain to be elucidated.

Causative differential diagnosis of myocarditis could
include the other microbial or toxic agents. Although
extrapulmonary TB is on the increase worldwide and in
Serbia [1, 18], TB myocardial affection, usually detected
on autopsy, was least possible in our patient due to prompt
recovery, which is not a characteristic of the TB process
[2]. History taking excluded possibility of alcohol-induced
or other toxic heart disease.

Myocarditis may cause arrhythmias in its acute phase
due to inflammatory infiltration and myocyte necrosis.
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WUcToBpemeHO NpucycTBO KaBepHo3He nayhHe Ty6epKynose u akyTHOr BUPYCHOT
MMWOKapAUTUCa MMUTUPANO je BereHepoBy rpaHysIoMaTo3y Ko 26-roaulutber

6onecHuUKa — NpuKas ciyyaja
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KPATAK CALIPXKAJ

YBop Tyb6epKynosa peTko NpoTuye acUMNTOMATCKN. AKYTHU
BVPYCHU MUOKaPAUTUC MOXe Aa Ce UCTIOMbY LWMPOKOM NaneTom
Teroba of 6nare gucnHeje unv 6onay rpyaMMa Ao KapavoreHor
LIOKa 1 CMPTU.

Mpuka3 6onecHnKa Henywway ctap 26 rogyHa jaBno ce Ha npe-
rneq 36or 6p30r oTULakba HOTY Yy NOCNefbYX Heflesby AaHa.
Tpn Heperbe paHuje NMao je ABOAHEBHY enu30Ay OCKYLHUX
xemonTu3uja n cybdebpunHe Temnepatype, 360r Koje ce Huje
obpahao nekapy. Gu3nkanHUM npernegom je HaheH reHepa-
N30BaH efieM, a labopaTopUjCKIM aHanM3ama 3HaLy akyTHe
peHanHe nHcyduumjeHuyje. Pagnorpam rpyaHor Kolua nokasao
je yBehaHy cunyeTy cpua v xunyca nnyha 1 o6ocTpaHe MacvB-
He npomeHe y nnyhuma, Ha Tomorpaduju fenom ekckaBmpaHe,
¥ nneypanHu n3nue. Mukobaktepuje HUCy HaheHe y cnyTymy
AVpeKTHOM mMuKpockonujom. EKT n exokapguorpaduja cy
yKa3vBany Ha 3HaKe aKyTHO MOKapANTUCa, Tj. AunaTaTuBHe
KapguomuonaTuje Kao ierose nocneguue. Tutap IgM Ha ape-
HOBYpYCe 610 je no3uTtrBaH. Auypetnum y3 ACE nHXnomtop,
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6710KaTOp KanuyujyMoByX KaHana, MUPOBakbe 1 aHTUOUOTHIK,

[OBenu cy Ao 6p30r noenayerba egema 1 KomneHsauuje cpua
y3 HOpManu3oBatbe peHanHe ¢pyHKuuje. Bp3o ce moBykao un

Hajsehn geo nnyhHmx npomeHa, Koje cy ofroeapasne cTasu,
anu je 3aocTana HenpasuiiHa eKcKaBaLuja y AeCHOM roptem
pextby. Y 6poHxoacnmpaty 13 MecTa PeHAreHCKy BUAbYIBE fe-
3nje MUKobaKTepuje cy HaheHe ANPEKTHOM MUKPOCKOMUjOM,
a kyntypom M. tuberculosis. I kynTypa nHuumjanHor y3opka
cnyTyma 6una je no3uTtmsHa. lMpumeHa aHTUTYbepKynoTuKa
npema CTaHAapAHOM PEXVMY AOBENa je A0 U3Nieyetba.

3aKsbyuak Y peTkoj NCTOBPEMEHO] M0jaBu ABe bonecTy, Koja

je y noueTtky nuumna Ha BereHepoBy rpaHysoMaTosy, akyTHu

BUPYCHUN MNOKapANTUC Ca AnNaTaTUBHOM Kap,qmommonamjom

[OMNPUHEO je OTKpUBakby TybepKynose nnyha. [la 6u ce cnpeyu-
110 Kallltberoe y AnjarHo3m TybepKyio3e, HEONXO[HW Cy [OAAT-

HY Hanopu y npocsehrBamy CTaHOBHULLTBA U KOHTUHYMPaHa
MeAMnLMHCKa egyKaumja.

KmbyuHe peun: Ty6epkynosa, ninyhHa; MMOKapauTnC, BUPYCHY;
KapAvoMMONaTyja; AnjarHo3a; efiem; peHanHa nHcyduumjeHumja
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Atypical, polyarticular lipoma arborescens in a child

Robert Semnic'?, Radoje Simi¢3#, Slavisa Djuri¢i¢®>*, Oto Adjic¢’, Filip Vanhoenackers’#

"WVojvodina Oncology Institute, Sremska Kamenica, Serbia;

2University of Novi Sad, Medical Faculty, Novi Sad, Serbia;

3Mother and Child Health Care Institute of Serbia “Dr Vukan Cupi¢’, Belgrade, Serbia;

“University of Belgrade, School of Medicine, Belgrade, Serbia;

*University of Banjaluka, Faculty of Medicine, Banja Luka, Republic of Srpska, Bosnia and Herzegovina;
°AZ Sint-Maarten Duffel-Mechelen, Department of Radiology, Mechelen, Belgium;

’Antwerp University Hospital, Department of Radiology, Edegem, Belgium;

8University of Ghent, Faculty of Medicine and Health Sciences, Ghent, Belgium

SUMMARY

Introduction Lipoma arborescens is a rare, tumor-like lesion commonly involving synovial joints and
less commonly bursae and synovial tendon sheaths.

Case Outline We report a case of a 12-year-old boy with symmetric involvement of the bicipitoradial
bursae, synovial sheaths of extensor compartments of both hands and medial ankles. The diagnosis of
polyarticular lipoma arborescens was proposed on magnetic resonance (MR) imaging and this diagnosis
was histologically proven after biopsy of the bursae and later by open surgery of the synovial sheath of
the right ankle tendons. Literature search was performed and twelve cases with polyarticular involvement
were analyzed. Lipoma arborescens commonly involves suprapatellar recess of the knee and very rarely
other joints or bursae. Histological analysis revealed an accompanying non-necrotizing granulomatous
synovial inflammation.

Conclusion Polyarticular lipoma arborescens is a rare entity and symmetrical involvement of the joints
other than the knees is exceedingly rare. MR imaging plays a significant role in the diagnostic protocol,
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and the characteristic fatty signal on MR imaging is highly suggestive of lipoma arborescens.
Keywords: lipoma arborescens; synovium; tendon; MR imaging

INTRODUCTION

Lipoma arborescens (LA) is a rare, tumor-
like lesion involving the synovial joints and
less commonly bursae and synovial tendon
sheaths. The suprapatellar recess of the knee
is the most frequent location followed by the
shoulder, elbow, hip, wrist, and hand [1-4].
Only twelve cases of multifocal polyarticular
LA (not including bilateral knee involvement)
have been reported in the English language
literature [3-11]. We present a brief discus-
sion on the polyarticular LA and the role of
magnetic resonance (MR) imaging in the di-
agnostic algorithm of this rather infrequent
tumor-like lesion.

CASE REPORT

A 12-year-old boy presented with a four-year
history of gradual-onset bilateral swelling of
the bicipitoradial bursae, extensor compart-
ments of hands and wrist, and ankles, involving
flexor hallucis longus, flexor digitorum longus,
and tibialis posterior tendons, bicipitoradial
bursae and extensor compartments of the hand
(Figure 1).

There was a mild pain in the wrists but no
morning stiffness, and no history of trauma.
Laboratory investigations were all within the
normal ranges. Rheumatological examination

revealed no abnormalities. MR imaging of
both arms and ankles was performed (Figure
2, A-D).

A biopsy of the right ankle was performed
and the histological changes were consistent
with LA associated with a mild chronic syno-
vial inflammation and several non-necrotizing
sarcoid granulomas containing rare multinu-
cleated giant cells (Figure 3, A-B). At follow-
up, the lesions remained unchanged and there
was neither pain nor any functional disability.
Six months later, a partial synovectomy of the
right ankle was attempted but on the opening
of the tibialis posterior tendon sheath, fat tis-
sue unusually firmly adherent to the tendon
was found (Figure 4) and the surgeon decided
against further radical excision.

A third surgical resection of the wrist LA
on the right side was performed one year later,
with successful outcome.

DISCUSSION

English language literature search was per-
formed using the subject term “Lipoma Arbo-
rescens” in the PubMed database in order to
identify articles published from 1950 through
July 2015. Among 137 articles yielded by the
search criteria, all articles describing monoar-
ticular involvement as well as 16 articles report-
ing bilateral knee involvement were excluded
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Figure 1. Photograph of the elbows, hands, and ankles showing bi-
lateral soft-tissue swelling

Figure 3. Photomicrographs of the specimen of the excised synovium
shows elongated synovial folds containing small lobules of mature
fat tissue typical for LA; several sarcoid granulomas and a mild lym-
phoplasmacytic infiltration are easily visible in the synovial folds (A
- hematoxylin-eosin, x25); the top of the fold contains two non-nec-
rotizing epithelioid cell granulomas, partially surrounded by dense
lymphocytic infiltration; there are also several foci of discrete, perivas-
cular lymphoplasmacytic infiltration (B — hematoxylin-eosin, x13.75)

because they were beyond the scope of this paper. Data of
12 patients reported in nine published articles [3-11] and
the present report were analyzed (Table 1).

LA is not a true tumor but rather a villous synovial
hyperplastic process that affects mostly men aged 40-60
years, and manifests itself as a slow-growing monoarticu-
lar painless swelling, usually in the suprapatellar pouch
of the knee. Polyarticular involvement is rare and most
frequently affects the knee, whereas bilateral involvement
of other joints or a combination of the knee and another
joint is far less common (Table 1). Our patient had several
atypical features: 1) early age of disease onset; 2) involve-
ment of joints that are otherwise infrequently affected by

Figure 2. Coronal T1-weighted MR image of forearms shows fatty
tumor-like lesions within bicipitoradial bursae and both wrists (A,
arrowheads); sagittal fat saturated T2-weighted image - fluid-filled
bicipitoradial bursa and frond-like fatty proliferations of the synovium;
mild distension of the synovial sheaths of the extensor compartment
tendons of the wrist (B); axial STIR image of the right ankle shows fluid
within tendon sheaths of the FHL, FDL, and TP, with intralesional foci of
fat (C, arrow; D, arrow); fat-saturated contrast enhanced T1-weighted
sequence of the right ankle shows thickened synovium with signifi-
cant contrast enhancement (E), consistent with tenosynovitis

FHL - flexor hallucis longus; FDL - flexor digitorum longus;
TP — tibialis posterior

Figure 4. An intraoperative photograph of the right ankle with visible
lipomatous mass after opening of the TP tendon sheath

LA, in a combination that has not been reported to date;
3) symmetrical swelling without significant restriction of
movement.

Etiology of LA is unknown. However, the majority of
cases are primary, although some may represent a second-
ary reaction to chronic rheumatoid arthritis [12], psoriatic
arthritis [13], sarcoidosis [14], joint trauma [15], and the
proposed hypothesis is that subsynovial fatty infiltration
may reflect a reaction to chronic inflammation [16].

Howe and Wenger [11] proposed a primary form of LA
in younger patients without a detectable cause of chronic

www.srpskiarhiv.rs ‘

651



652

Table 1. Multifocal LA, excluding bilateral knee involvement*

Semnic R. et al. Atypical, polyarticular lipoma arborescens in a child

Bilateral Duration of ey )
Authors Location Onset age/sex | . Associated diseases synovectomy or
involvement | symptoms -
excision
Bejia et al. [3] Knee, hip 24/M + 6 months - +
Siva et al. [4] Wrist, hand, knee 35/M + 20 years Congenital short +
bowel syndrome
Gaede [5] Knee, ankle 14/M - 6 months - +
Dinauer et al. [6] Bicipitoradial bursa 37/M + 1.5 year - Synovectomy
Silva et al. [7] Knee, ankle 45/M - 9years Knee trauma Excision OJ_\the ankle
. . Rheumatoid
Santiago et al. [8] Knee, hip 29/F + 12 years arthritis +
Pandev and Prior shoulder
Y al Subdeltoid bursa 57/M + 3years trauma, +
Alkhulaifi [9] .
osteoarthritis
Martin et al Osteoarthritis, AVN
[10]* : Hip (iliopsoas bursa) N/A + Not specified of both femoral Not specified
heads
- Knee and ankle N/A )
Howe et al. - Wrist extensor +
[11]** compartment N/A Not specified Not specified Not specified
(3 patients) - Bilateral knee and
bicipitoradial bursa N/A )
Current report - B|C|p|tprad|a| bursa, 10/M + 5 years Biopsy, 3 excisions
wrist, ankle later on

*The table has been used and further modified with permission from Siva et al [4].

** Information about onset age, gender, symptom duration and surgical procedures from articles by Martin et al. [10] and Howe et al. [11] have not been included

in the table due to lack of necessary data.
M - male; F - female; N/A - not applicable; AVN - avascular necrosis

joint inflammation [10]. This form can involve more mul-
tiple joints [3], tendon sheaths [17], and bursae [6, 9, 10,
11]. Other cases of LA with polyarticular involvement but
without an identifiable cause are found in the literature [3].

Two groups of fatty lesions that affect joints, bursae,
and tendon sheaths are described as follows: a solid fatty
tumor (a synovial lipoma) and a “lipoma-like” lesion in
the form of diffuse, hypertrophic synovial villi distended
with mature fatty tissue [18]. The second form is present
in our case.

Mild lymphoplasmacytic synovial infiltration with non-
necrotizing sarcoid granulomas in our patient may suggest
a previous chronic synovial inflammation as an expression
of arthritis as the underlying joint pathology. A primary
inflammatory synovial process was also identified in all
five cases reported by Martin et al. [10]. Arthritis and
periarthritis as joint manifestations of sarcoidosis may oc-
cur in 14-38% of patients with sarcoidosis. They may be
a presenting feature or appear later in the course of the
disease when multiple large joints are involved more fre-
quently [19]. The histology in our patient was consistent
with a chronic synovial granulomatous inflammation seen
in sarcoidosis. However, we did not register any clinical,
radiological or laboratory features of sarcoidosis. In addi-
tion, we found neither anamnestic, clinical and laboratory

doi: 10.2298/SARH1612650S

diagnostic elements of tuberculosis and fungal infection,
nor trauma with potential impaction of foreign bodies in
our patient — infections and disorders in which granulo-
mas could appear along with chronic synovial inflamma-
tion [20]. Only in one 24-year-old patient with rheumatoid
arthritis LA-associated scattered multinucleated giant cells
were found in the accompanying lymphoplasmacytic syno-
vial infiltration [12]. In our patient, we found for the first
time entirely formed sarcoid granulomas in the synovial
folds. Pathological entities with granulomas are classified
into infections, vasculitis, immunological aberrations, leu-
kocyte oxidase deficiency, hypersensitivity, chemicals, and
neoplasia. However, histopathologists can detect granulo-
mas in many different pathological disorders that are out-
side of this classification and that probably indicate a good
defense and a satisfactory outcome against an unknown
antigenic aggression [20]. We have no plausible explanation
for sarcoid like granulomas occurring in the setting of LA.

In general, open synovectomy is suggested as curative
treatment [10].

In conclusion, polyarticular LA is a rare condition and
MR imaging has a pivotal role in the correct diagnosis, and
more widespread use of MR imaging in the examination
of joints will probably reveal more cases of polyarticular
LA in the future.
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KPATAK CAAPXA)J

YBopg Lipoma arborescens npeacTaBsba pPeTKy, TYMOPY CIMYHY
ne3ujy Koja 3axBaTa CHOBMjasiHe 3rno6ose n pehe byp3e 1
OBOjHWLe TeTBa.

Mpukas 6onecHunka Y pagy ce nprkasyje ciyyaj 12-roguiirber
[leyaka ca CMETPUYHIM 3axBaTatbeM OMLMMUTOPAANjaTHIX
6yp31, CMHOBMjaNHNX OMOTaya eKcTeH30pa obe Lake 1 me-
AujanHux acnekarta oba ckoyHa 3rnoba. HakoH HaunrbeHor
npernega MarHeTHOM pe3oHaHLoMm (MP) noctasbetba je cymiba
Ha nonmapTukynapHu lipoma arborescens, a fujarHosa je po-
Ka3aHa XMCTONOLWKIN HakoH broncmje 6yp3e 1 KacHuje HaKoH
OTBOPEHE XNPYpruje CUHOBMjaNHNX OBOjHMLIA JeCHOT CKOYHOT
3rno6a. XmcTosnoLlKa aHanm3a je AofaTHO YTBPAWIIa NoCTojatbe
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He-HeKpoTu3upajyhe rpaHynomMaTo3He CMHOBWjanHe ynane.
M3BpLueHa je aHanu3a ABaHaecT ciyyajeBa U3 uTepaType ca
nonuapTuKynapHum lipoma arborescens.

3aKrbyuak Lipoma arborescens je peTka, TYMOpPY ClMYHa Npo-
MeHa Koja 3axBaTa cynpanaTtenapHu peLecyc KoneHa v Bpio
peTko Apyre 3rno6ose n 6yp3e. MonuapTtrkynapHu lipoma
arborescens je peflak €eHTUTET, @ CUMETPUNYHO 3axBaTatbe
3rn0608a je 13y3eTHo peTko. MP nrpa Bpfio BaxkHy ynory y
AMjarHOCTUYKOM MPOTOKOJTY KOA OBAKBUX MaLujeHaTa, a Ka-
paKTepuCTMYaH CUrHan MacHe KOMMOHeHTe Tymopa cyrepuile
nocTojatbe lipoma arborescens ca BUCOKOM curypHoLufy.
KmyuHe peun: ipoma arborescens; CMHOBUjyM; TETUBE; Mar-
HeTHa pe3oHaHLa
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MPUKA3 BOJIECHUKA / CASE REPORT

Fondaparinux monitoring in a patient with
heparin-induced thrombocytopenia on hemodialysis

Jovana Kusi¢', Andrijana Kuli¢?, Veselinka Djurkovi¢', Rodoljub Markovi¢', Velja Milaci¢?,
Ljiljiana Suri¢-Lambi¢’, Gordana Pekovic’

'Clinical Hospital Center Zemun, Department of Nephrology, Belgrade, Serbia;
2Clinical Hospital Center Zemun, Blood Bank Department, Belgrade, Serbia;
3Clinical Hospital Center Zemun, Department of Surgery, Belgrade, Serbia

SUMMARY

Introduction Heparin-induced thrombocytopenia associated to hemodialysis is rare. In case when ci-
trate dialysis and/or non-heparin anticoagulants are not available, only possible medication to use for
anticoagulation during hemodialysis is fondaparinux. However, laboratory monitoring of fondaparinux
based on anti-Xa activity in dialysis patients has not been sufficiently documented yet.

Case Outline We created a local anti-factor Xa assay for measuring fondaparinux plasma concentration
and efficacy in a patient with heparin-induced thrombocytopenia during hemodialysis. Fondaparinux
given subcutaneously increases risk of adverse events due to its extended release and prolonged main-
tenance of toxic levels. When used intravenously fondaparinux remains safe, with reached steady-state
level within dialysis and low risk of toxicity afterwards.

Conclusion Fondaparinux may be used as an alternative anticoagulant medication during hemodialy-
sis in patients who develop heparin-induced thrombocytopenia. Adequate dose must be adjusted to
patients’ dry weight (0.03 mg/kg intravenously) and fondaparinux anti-coagulation monitoring must
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be provided.
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INTRODUCTION

Heparin-induced thrombocytopenia (HIT) is
a serious, potentially fatal, decline in platelet
number due to use of unfractionated heparin,
low-molecular weight heparin, and/or other
polyanions [1-4]. It may present as a non-
immune or immune-mediated form, with
immune complexes formed between heparin
and platelet factor 4 (PF4) [5, 6]. This form of
thrombocytopenia may be followed by life-
threatening thromboembolic events, such as
deep vein thrombosis and pulmonary embo-
lism [7, 8]. HIT associated with hemodialysis
is rare, but even small amounts of heparin used
for anticoagulation during hemodialysis treat-
ment may provoke HIT [3, 4, 8]. In chronic
dialysis patients, HIT frequency is low (3.9% in
the literature) in newly diagnosed patients [4,
8]. Application of non-heparin anticoagulant
preparations, including the specific anti-Xa in-
hibitor fondaparinux, is necessary [9]. There-
fore, clinical management of HIT in patients
on hemodialysis is difficult, in some countries
often limited by the lack of drug supplies.
Laboratory monitoring of fondaparinux based
on anti-Xa activity in dialysis patients has not
been sufficiently documented. This case report
presents the application and dose adjustment
of fondaparinux in dialysis patients with type
ITHIT.

CASE REPORT

A 56-year-old patient was admitted to our
hospital with terminal stage of chronic kidney
failure secondary to polycystic kidney disease.
During the hospitalization, he was started on
the chronic program of hemodialysis, through
central venous catheter. Arteriovenous fistula
was created three days after his first (urgent) he-
modialysis, as he previously refused it. Fifteen
days after hemodialysis was started, the patient
developed a significant decline in the platelets
count from 286 x 10°/L to 41 x 10°/L. Clini-
cal suspicion for HIT II was confirmed by a
highly positive result for HIT-Ab (20.6 IU/mL).
The presence of HIT antibodies was detected
with immunoturbidimetric assay (HIT-AbPF4-
H HemosIL, IL ACL 300, Instrumentation
Laboratory Company, Milan, Italy).

When diagnosis was confirmed, heparin
was discontinued. As citrate dialysis is not
available in Serbia, and non-heparin anticoagu-
lants are not proposed by the healthcare system
for the diagnosis of HIT, the only possible med-
ication to use was fondaparinux (fondaparinux
sodium; GlaxoSmithKline, Brentford, UK).
However, official data for fondaparinux used
in patients on hemodialysis was limited. Thus,
after consultation with transfusion medicine
specialist, it was decided to establish a local
fondaparinux-specific anti-Xa assay for the
fondaparinux monitoring. Anti-Xa assay was
created with fondaparinux calibrator and per-
formed with anti-Xa heparin chromogenic
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method (anti-Xa heparin assay IL on ELITE PRO" IL, In-
strumentation Laboratory Company, Milan, Italy).

Fondaparinux plasma level was measured at the be-
ginning of dialysis, every hour during the dialysis and 24
hours after every dialysis treatment. The known mean
steady state plasma concentration is in the range of 0.46
to 0.62 mg/l, which is regularly applied to patients with
symptomatic deep vein thrombosis and pulmonary em-
bolism undergoing treatment with fondaparinux [10]. As
hemodialysis session itself requires effective dosage of an-
ticoagulant to prevent potential thrombotic complications
in blood and extracorporeal circuit, and as HIT addition-
ally favors thrombosis, we have used the same steady state
for coagulation monitoring in our patient [10].

In our patient, 0.03 mg/kg (of patient’s estimated dry-
weight) of fondaparinux was firstly administered subcuta-
neously at the beginning of dialysis treatment. During the
third hour of dialysis, plasma level of fondaparinux reached
toxic values (0.71 mg/L). Two days afterwards, at the sec-
ond dialysis course, twice-reduced dose (0.015 mg/kg) was
administered subcutaneously at the beginning of dialysis,
when fondaparinux plasma level was within steady-state
levels. However, toxic levels were reached during dialysis:
0.89 mg/L, 0.77 mg/L, and 0.84 mg/L at the first, second and
third hour, respectively. At the start of the third hemodialy-
sis, 0.03 mg/kg of fondaparinux was applied intravenously.
During the entire aforementioned treatment, fondaparinux
plasma levels were within the optimal range, with maximum
of 0.61 mg/L at the third hour of hemodialysis (Table 1).

Comparing pharmacokinetics between the dialyses,
while fondaparinux was administered subcutaneously, its
plasma levels were reaching toxic values, 1.13 mg/L and
0.69 mg/L even 12 hours after first and second dialysis, re-
spectively. However, when fondaparinux was administered
intravenously, its plasma level remained within the refer-
ence interval during the follow-up (Table 2). Therefore,
0.03 mg/kg of fondaparinux was continued intravenously
during further hemodialysis treatments of this patient. Co-
agulation monitoring was checked after every hemodialysis
session, and remained within the effective and safe range.

Nevertheless, type of dialysis was changed during the
hospitalization. Both low-flux bicarbonate hemodialysis
and postdilutional hemodiafiltration were inappropri-
ate. Postdilutional hemodiafiltration was effective for

Table 1. Fondaparinux serum levels during hemodialysis (HD)

Fondaparinux (mg/L) HDI HD I HD Il
Before HD 0.51 0.40 0.24
1 hour of HD 0.74 0.89 0.59
2 hours of HD 0.65 0.77 0.57
3 hours of HD 0.71 0.84 0.61

Table 2. Fondaparinux levels within hemodialysis

Time (h) Fondaparinux (mg/L)
12 h after 1st HD 113
12 h after 2nd HD 0.69
12 h after 3rd HD 0.16
12 h after 4th HD 0.28
12 h after 5th HD 0.36
12 h after 6th HD 0.39

fondaparinux elimination and prevention of its accumula-
tion, but in the arteriovenous system it produced high he-
moconcentration, which led to coagulation in the dialysis
set. However, high-flux bicarbonate hemodialysis showed
the best performance for both dialysis effectiveness and
low fondaparinux accumulation.

Soon after heparin discontinuation, platelet number re-
turned within reference levels. After four months, heparin
was re-introduced to hemodialysis in the same patients,
and no thrombocytopenia occurred.

DISCUSSION

This case illustrates the main obstacles in treatment man-
agement of HIT in hemodialysis. Current guidelines rec-
ommend immediate discontinuation of heparin and use
of non-heparin anticoagulants, such as anti-Xa and direct
thrombin inhibitors. Danaparoid and lepirudin are usually
recommended, together with new oral anticoagulants [7,
11, 12, 13]. However, Serbia has limited access to these an-
ticoagulants. Citrate-based dialysis, which is recommended
in case of HIT development, is also unavailable in Serbia.
When guideline-suggested non-heparin medications and
anticoagulants are not available for treatment of this seri-
ous condition, especially in the resource-limited settings,
fondaparinux may present as a possible alternative.

Although fondaparinux, as a coagulation factor Xa inhibi-
tor, is noted to be used in several cases of HIT until now, there
are still no officially established protocols for fondaparinux
use [10, 14, 15]. This is particularly an inconvenience in a
population which develops HIT during hemodialysis, be-
cause of its mainly renal route of excretion [9, 10]. Addition-
ally, fondaparinux monitoring assays are not commercially
available, which thoroughly disables its routine use [16].

The assay methodology for measuring fondaparinux
plasma concentration and efficacy is very similar to the
standard anti-factor Xa assay for low-molecular-weight
heparin or unfractionated heparin, but still not equivalent
[14, 15]. Thus, in our case, we created a fondaparinux-spe-
cific assay using fondaparinux calibrator with an anti-factor
Xa heparin assay method (anti-factor Xa heparin IL).

As our case showed, fondaparinux had given subcuta-
neously increases risk of adverse events due to its extend-
ed-release and prolonged maintenance of toxic levels, even
12 hours after dialysis. However, when used intravenously,
fondaparinux remains safe, with reached steady-state level
within dialysis and low risk of toxicity afterwards.

Potential cross-reactivity of fondaparinux to previous use
of heparin is acknowledged and may be provoked, but it
nonetheless has lesser extent of immunogenicity than hepa-
rin [7]. Furthermore, dosage of fondaparinux must be ad-
justed to the rate of glomerular filtration due to its increased
risk of accumulation in patients with renal failure [10, 14,
17]. When used in patients on hemodialysis, it is neces-
sary to apply fondaparinux adjusted to patients” estimated
dry weight. If possible, it is advisable to perform high-flux
bicarbonate dialysis. Therefore, when fondaparinux is used
in specific groups, such as patients with renal failure and/
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or patients on chronic dialysis, a specific fondaparinux anti-
coagulation assay must be developed.

In conclusion, fondaparinux may be used as an alterna-

tive anticoagulation during hemodialysis in patients who
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KoarynaunoHn MoHUTOpUHT GOHAaNapUHA Kog 60n1ecHMKa ca XenapuHom
MHAYKOBAHOM TPOMOOLMTONEHUjOM Ha XeMOA4Wjannu3mn

JosaHa Kywuh', AHgpujaHa Kynuh?, Becenntka Hypkosuh', Pogombyb Mapkosuh', Berba Munaumh’,

JbumbaHa Cypuh-Jlambuh', lopgnaHa Mekosuh'

'KnuHnyko-60nHm1uKM LeHTap ,3emyH’, Cnyx6a Hedponoruje, beorpan, Cpbuja;
2KnuHnuKo-60nHNYKM LieHTap ,3emyH’, Cryx6a 3a TpaHcdy3ujy Kpsu, beorpap, Cpbuja;
*KnuHnuko-6onHMuKM LeHTap,3emyH’, Cnyx6a xupypruje, beorpag, Cpbuja

KPATAK CAZAPXKAJ

YBoa XenapuHoMm MHIOYKOBaHa TpombouuToneHunja je He-
Xe/beHa peaKumja Ha MpUMeHy XenapuHa, a kof 6onecHu-
Ka Ha xemopwjasu je peTka Komnavkauuja. Kog ocoba Koje
pa3Bujy XenapMHOM NHAYKOBaHY TPOMOOLIUTONEHW]Y TOKOM
XeMOAWjanu3Hor TpeTMaHa KOHTPanHAMKOBaHa je NprMmeHa
XernapuHa 3a aHTKoarynauujy, Te ce y CBeTy y OBaKBUM CI1y-
YajeBrMa NprMetbyje LTpaTHa Anjaniida /uamn HexenapuHcka
aHTUKOarynaHTHa Tepanuja. YKoNMKo cy umMTpaTtHa anjanmsa u/
VNN HeXenapuHCKa aHTUKOarynaHTHa Tepanuja HefloCTynHe,
NoTeHLUWMjaiHN HauVH aHTUKoarynauuje TOKOM Xxemogujanvse
je npumeHa doHzanapuHa (MHxMbUTOp PpakTopa Koarynaumje
Xa). Vinak, po capa Huje KperpaH PyTUHCKM KOoarynaLyoH/ Mo-
HUTOPUHT 3a NpoLeHy eprKacHOCTY 1 6e36eAHOCTN NpUMeHe
¢boHaanapriHa Kog 60necHUKa Ha XeMogujanusu.

Mpuka3s 6onecHuKa 3a noTpebe Haller 6oNecHrKa ca Xxernapu-
HOM MHAYKOBaHOM TPOMOOLIMTOMNEH]OM KOj! j& Ha XPOHUYHOM
nporpamy xemogujanmse Kpenpany cMo noKanHu cneyydryHmn

doi: 10.2298/SARH1612654K
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MOHWTOPVHT aHTW-Xa akTYBHOCTY 3a ogpehunBarbe KOHLEHTpa-
umnje doHAanapuHa y nnasmm n npahere erose ePpuKacHoOCTH
1 6e36egHoCT. Kako je Hall mpurKas cilyyaja AoKa3ao, pUMeHa
doHpanapmHa cybkyTaHo noBehaBa pri3VK Of HeXKerbeHuX ede-
KaTa 360r npoayeHor BpemeHa ocnobaharba U ofpxaBatba
TOKCUYHMX BpepHocTh. Kapa ce poHaanapviH nprumetbyje vH-
TpaBeHcku (0,03 mg/kg cyBe TenecHe TeXUHe), erosa nprime-
Ha je 6e36eaHa, Ca ManVM PU3NKOM Of HEXEeIbeHUX peakLimja.
3akmby4ak QoHJjanapyviH ce MOXe NPVUMEHWTMN Kao anTepHa-
TVMBHM aHTUKOArynaHc 3a 60necH1Ke Ha XPOHUYHOM Nporpa-
My Xemofujanu3e Koju cy pa3Buiy XxenapuHom MHAYKOBaHY
TpombouuToneHujy. AekBaTHa Ao3a ce ogpehyje npema cy-
BOj TeNleCHoj TexuHY 6onecHuKa (0,03 mg/kg MHTPaBEHCKM) y3
npUMeHy cneumdUUHOr aHTIKOoarynaLMoHOr MOHUTOPYIHTa.

KmbyuHe peun: xenapMHOM MHAYKOBaHa TPOMOOLMTONEHW]a;

cneumduYHN KoarynalyoH MOHUTOPUHT GpOoHAANapuHa; Xe-
MoAvjanu3a
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Mucormycosis of the paranasal sinuses in a patient
with acute myeloid leukemia
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Lekovi¢'?, Dragica Tomin'?

'Clinical Center of Serbia, Clinic for Hematology, Belgrade, Serbia;
2University of Belgrade, School of Medicine, Belgrade, Serbia;
3University of Belgrade, School of Medicine, Institute of Microbiology and Immunology, Belgrade, Serbia

SUMMARY

Introduction Invasive fungal infection is among the leading causes of morbidity, mortality, and economic
burden for patients with acute leukemia after induction of chemotherapy. In the past few decades, the
incidence of invasive fungal infection has increased dramatically. Its management has been further
complicated by the increasing frequency of infection by non-Aspergillus molds (e.g. Mucorales). Neu-
tropenic patients are at a high risk of developing an invasive mucormycosis with fulminant course and
high mortality rate (35-100%).

Case Outline We are presenting the case of a 72-year-old male with an acute monoblastic leukemia.
The patient was treated during five days with hydroxycarbamide 2 x 500 mg/day, followed by cytara-
bine 2 X 20 mg/sc over the next 10 days. He developed febrile neutropenia, headache, and edema of
the right orbital region of the face. Computed tomography of the sinuses revealed shadow in sinuses
with thickening of mucosa of the right paranasal sinuses. Lavage and aspirate from the sinuses revealed
Rhizopus oryzae. Mucormycosis was successfully treated with amphotericin B (5 mg/kg/day) followed by
ketoconazole (400 mg/day). Two months later the patient died from primary disease.

Conclusion In patients with acute leukemia who developed aplasia, febrile neutropenia, and pain in
paranasal sinuses, fungal infection should be taken into consideration. New and non-invasive methods for
taking samples from sinuses should be standardized in order to establish an early and accurate diagnosis
of mucormycosis with the source in paranasal sinuses, and to start early treatment by a proper antifungal
drug. Clear communication between physician and mycologist is critical to ensure proper and timely
sampling of lavage and aspirate from sinuses and correct specimen processing when mucormycosis is
suspected clinically.

Keywords: acute leukemia; neutropenia; mucormycosis; paranasal sinuses; invasive fungal infection

INTRODUCTION

Patients with acute leukemia (AL) are consid-
ered a population at high risk for developing an
invasive fungal infection (IFI) [1]. In the Unit-
ed States, in the past few decades, the incidence
of IFI increased dramatically by approximately
200% between 1979 and 2000 [2]. In a recent
study, the cumulative probability of develop-
ing IFI after a diagnosis of AL was 11.1% at
100 days [3]. Patients undergoing treatment
for hematologic malignancies have estimated
cause-specific mortality due to IFI of 35% [4].
The most common causes of IFI are Candida
and Aspergillus, but most recent reports show
an increasing frequency of infection by non-
Aspergillus molds, especially Mucorales order.

Mucormycosis is an aggressive opportunistic
fungal infection with fulminant course caused
by various members of the Mucorales order.
The disease-causing genera in humans include
Absidia, Rhizopus, and Mucor, which are wide-
spread in nature. They produce airborne spores
that enter the body mostly through inhalation
or ingestion; occasionally, infection may be
through hematological dissemination from a
different site, but sinuses and lungs are usually
the entry points [5]. Fungi in sinuses cause fun-

gal rhinosinusitis (FRS), which has a spectrum
from noninvasive disease to acute fulminant
FRS [6]. Predisposing factors for the develop-
ment of acute fulminant FRS are numerous, but
neutropenia is the leading one, especially when
neutrophils are below 0.5 x 10°/L. Invasive
forms of FRS have very rapid course in neu-
tropenic patients and because of that require
early diagnosis, early induction of antifungal
therapy, and sometimes surgery [7, 8].

We present a case of a patient with acute
monoblastic leukemia (AML) and invasive mu-
cormycosis of paranasal sinuses.

CASE REPORT

A 72-year-old male patient with diagnosed
AML and body mass index of 27.7 kg/m?,
Eastern Cooperative Oncology Group (ECOG)
performance status of 1 and Sorror score of 2,
was admitted to the Clinic for Hematology of
the Clinical Centre of Serbia. At presentation,
laboratory data were as follows: hemoglobin 95
g/1, white blood cell count 76.5 x 10°/L, and
platelets 45 x 10°/L. In hypercellular bone mar-
row 92% of blasts predominantly myeloperoxi-
dase positive were found. Morphologic finding
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was in accordance with AML M5a. Immunophenotyping
with flow cytometry revealed a population of mono-
nuclear cells with immunophenotype HLA-DR, cMPO,
cLizozim, CD13, CD33, CD15, CD11b, CD11c, CD64,
CD14, CD163, CD36 and CD56+, indicating the diagnosis
of AML CD56+ with monocytic differentiation. Karyotype
was normal 46XY, and molecular analyses for FLT3 and
NPM were negative. The patient was ranged in intermedi-
ate group I according to Eureopean Leukemia Net classifi-
cation. Hemostasis tests showed the following: fibrinogen
6.59 g/L, prothrombin time 70%, partial thromboplastin
time 30.7 sec., and D dimer 2.1 pg/L. Biochemical analy-
ses of blood showed elevation of lactate dehydrogenase
1,497 U/L, blood urea nitrogen 15.9 mmol/L, creatinin
388 umol/L, and acidum uricum 917 umol/L. Liver func-
tion tests were within normal limits. Echocardiography
showed ejection fraction of 67%, while chest radiography
was normal. Abdominal ultrasound showed normal size
of the liver and splenomegaly of 195 mm. The patient was
treated for five days with hydroxycarbamide 2 x 500 mg/
day including rehydration and xanthine oxidase inhibitors
in order to decrease the number of white blood cells. The
therapy was continued with cytarabine 2 x 20 mg/sc dur-
ing the next ten days. More aggressive treatment was not
recommended because of the previous renal failure. After
chemotherapy, the patient became neutropenic and febrile.
He was treated with broad spectrum antibiotics without
effects. Twenty days after the last dose of chemotherapy,
the patient felt pain in the right maxillary and zygomatic
region, as well as nasal congestion and headache. On the
following day, the patient’s right palpebrae started swelling
and the pain was spread all over the right half of the face.
The radiography of paranasal sinuses revealed opacifica-
tion of the right maxillary sinus with central illumination.
Fungal hyphae was detected in an inducted lavage and
aspirate of the right maxillary sinus, while culture isola-
tion showed growth of Rhizopus oryzae (Figure 1). X-ray
of paranasal sinuses showed filled lumen of cavities with
oedematous epithelium. Computed tomography (CT) re-
vealed mucosal thickening, hypoattenuation, opacification
of sinuses as soft tissue attenuation of the right maxillary,
sphenoidal, and both ethmoidal sinuses, as well as partly
of the right frontal sinus, but without signs of invasion of
endocranium. In the right nasal cavity the thick mucin
like material was also present (Figure 2). After positive CT
tinding and mycological identification of Rhizopus oryzae

A B

Figure 1. Rhizopus oryzae: A) culture on Sabouraud dextrose agar; B)
microscopy (lactophenol cotton blue, 40x magnification)

doi: 10.2298/SARH1612657C

Figure 2. CT showing the presence of fluid-like content in the right
maxillary, sphenoidal and both ethmoidal sinuses, predominantly in
the right, as well as partly in the right frontal one, but without invasion
of endocranium; in the right nasal cavity, the thick mucin-like material
was also noted

in sinonasal lavage and aspirate, the diagnosis of mucor-
mycosis of the nose and paranasal cavities was established.
Invasive mucormycosis was successfully treated with am-
photericin B (5 mg/kg/day), followed by ketoconazole
400 mg/day, according to the results of antimycogram.
Symptoms, pain, and changes over the paranasal region
were resolved after treatment with antifungal therapy.
Control aspirate and lavage of sinuses after two weeks of
the last dose of antimycotic drugs were negative. Unfor-
tunately, control bone marrow aspirate again showed the
presence of 87% of monoblasts. Two months later the pa-
tient died due to the primary disease.

DISCUSSION

IFI is a major cause of morbidity and mortality in patients
with AL. Despite increased number of diagnosed cases of
IFI, due to development of prompt and accurate diagnostic
approaches and continual education about fungal diseases,
the death rate due to IFI has dropped nearly 50% in the
past two decades, from 44% during the 1995-2000 period
to 28% during the 2001-2004 period [4]. The most fre-
quent causing agents are Aspergillus, Dematiaceous molds
such as Bipolaris, Curvularia, and Alternaria species and
the Mucormycetes Rhizopus, Mucor, and Lichthemia [6].
Mucoraceae are ubiquitous fungi that are commonly found
in soil and particularly in decaying matter [5]. In a study of
patients with hematologic malignancies, the most frequent
sites of mucormycosis were the lungs (64%) and the or-
bito-sinus-facial structures (24%), while cerebral involve-
ment and disseminated infection were observed in only
19% and 8% of the cases, respectively [9, 10]. Predispos-
ing factors for these infections are neutropenia, especially
when neutrophils are lower than 0.5 x 10°/L, long-lasting
glucocorticosteroid therapy, radiotherapy, malnutrition,
diabetes, and other accompanied diseases that have impact
on a patient’s immune system [7, 8, 9, 11, 12]. Mucormy-
cosis is an aggressive infection that can cause a significant
disease in immunocompromised patients. Although many
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patients with rhinocerebral mucormycosis undergo similar
treatment, pathogen speciation should not be underap-
preciated; it may be imperative to guide antifungal drug
selection, as some mucoraceous fungi may exhibit variable
resistance to conventional therapy [13].

Mucormycosis due to inhalation of fungal spores be-
gins in the nose and paranasal sinuses with spreading to
orbital or intracranial structures either by direct invasion
or through blood vessels. The mortality rate is high, rang-
es 50-85%, while in disseminated and untreated forms it
could be 100% [3, 4, 14]. An immediate CT scanning of the
paranasal sinuses and an endoscopic examination of nasal
passages with biopsies of any suggestive lesions should be
performed. Samples from sinuses should be obtained by
non-invasive methods, due to condition of patients with
neutropenia. Proper samples include inducted sinonasal
lavage and aspirate, and should be taken at the onset of the
disease before deterioration of symptoms. Clinical samples
should be cultured and examined by histology and direct
microscopy. Delays in diagnosis and treatment lead to in-
creased mortality [11, 12].

We suppose that our patient had previous fungal colo-
nization of paranasal sinuses, without symptoms, before
diagnosis of AL was established. After worsening of AL,
developing aplasia of bone marrow and febrile neutropenia
IFI had rapidly progressed due to immunocompromised
state. Positive CT finding, absence of response to broad
spectrum antibiotics, and deterioration of symptoms were
indications that FRS should be considered. CT scan re-
vealed spread of the disease over paranasal sinuses and
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aspirate and lavage of the sinuses were taken. Rhizopus
oryzae was identified and according to antimycogram two
antimycotic drugs, amphotericin B and ketoconazole, were
successfully applied. Although the mucormycosis was suc-
cessfully solved, AL was resistant to chemotherapy and the
patient died as a more aggressive therapy could not have
been applied because of the previous chronic renal failure.

In hematologic patients with prolonged febrile neutro-
penia, headache, painful paranasal sinuses, fungal infec-
tion should be seriously taken into consideration. An early
diagnosis of fungal infections of paranasal sinuses could
be relatively easy established nowadays based on the ra-
diography, CT scan visualization, and endoscopy with the
invasive sampling as biopsy and histology of suspected
lesion. New and non-invasive methods for taking samples
from sinuses should be developed in order to make early
and accurate diagnosis of mucormycosis with the source in
the paranasal sinuses and to start early treatment by proper
antifungal drug in patients with neutropenia. Clear com-
munication between physician and laboratory is critical to
ensure correct specimen processing when mucormycosis
is suspected clinically.
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Harawwa Yonosuh'?, BaneHtuHa Apcrh-Apcennjesuh?®, Anekcangpa bapah?®, Haga Cysajyunh'?, JaHujena Jlekosuh'?,

[paruua TomuH'?

'KnuHunukn uentap Cpbuje, KnuHuka 3a xematonorujy, beorpag, Cpbuja;

YHusepautet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;
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KPATAK CAZIPXKAJ

YBop VHBa3uBHe rbrBuyHe nHobekuwje (IFl) Boaehn cy yapok
mMopbuauTeTa, MopTanuTeTa U pruHaHcMjckor onTepehersa 3a
naunjeHTe ca akyTHOM JIeyKEMMjOM NOC/ie MPUMEHE MHAY-
KLMOHe xemoTepanuje. HeKonnko nocneamnx geLeHmnja uH-
unpeHua IFl ce ppamatnuHo nosehana. Jleuetbe IF/ je fopatHO
oTexxaHo v 36or noBehaHe yyectanoctvi UHdeKLmja n3a3BaHmx
He-Aspergillus nnecHuma (Hnp. Mucorales). MaumnjeHTn ca He-
YTPOMeHMjoM Cy MOJA BUCOKMM PU3MKOM 33 pPa3Boj MHBa3NBHE
MYKOPMUKO3€ KOja Ma GpYNIMUHAHTHI TOK 11 BUCOKY CTOMY MOp-
Tanuteta (35-100%).

Mpuka3s 6onecHuKa lprikasaH je ciyyaj nauujeHTa ctapor 72
roAviHe, MyLLKapLa, ca akyTHOM MOHOGaCTHOM JIeyKEMUjOM,
KOjU je neyeH TOKOM MeT flaHa XMAPOKCKapbamnuaom y 1o3u of
2 x 500 mg/paH, npaheHo yutapabuHomy fosn of 2 x 20 mg/
SC TOKOM HapefHux 10 aaHa. [NaumjeHTy ce nojassbyjy CUMMATO-
MU rnaBobosbe, HeyTponeHuja 1 efieM fecHe NOMoBKHe 1La.
KomnjyTtepusosaHa Tomorpaduja (CT) napaHasanHux cMHyca je
OTKpWIIa 3aCeHYEebe CMHYCa, Ca 3aAeb/batbem MyKO3e AeCcHMX
napaHasajiHux CMHyca 1 ca JecTPYKLMjom KocTu. Y naeaty u

MpumsbeH « Received: 02/11/2015

doi: 10.2298/SARH1612657C

acnupary cuMHyca je nokasaHo NpucycTBo rbuBuLe Rhizopus
oryzae. \HBa3MoBHa MyKOPMIMKO3a je YCMEeLIHO 13fleYeHa am-
doTepuumHom b (5 mg/kg/paH) npaheHo keTokoHa3onom (400
mg/paH). [1Ba Mecelia KacHuje MauujeHT je ersutrpao 36or
npumapHe 6o5ecTu.

3aksbyuak Kof XeMaToONOLLKMX NaLyjeHaTa ca akyTHOM NeyKe-
MWjOM KOZ KOjUX MOCTOjU MPUCYCTBO anasuje, NposioHrmpaHe
bebpurnHe HeyTponeHuje 1 6ona y napaHasaaHUM CUHYCMMa,
noTpebHo je pa3moTpUTM MOryRHOCT NPUCYCTBa TbUBUYHE
nHdekuuje. Tpebano 6y cTaHAaPAN30BaTH HOBE HEMHBA3VIBHE
MeTOofe 3a Y30pKOBatbe KNNHMYKOT MaTepujana n3 CrHyca, ca
LM/beM Aia Ce NPaBOBPEMEHO 1 TaYHO YCMOCTaBM AnjarHo3a My-
KOPMUKO3€, Ynjy 3BOP Ce Hanasu y napaHasanHnM CUHycMMa
1 [a ce 3aMoyHe paHa Tepanuja ca oaroBapajyfum aHTUrbU-
BMYHUM NiekoM. [lobpa KomyHMKaLumja usmehy KnmHuyapa n
MVKOJIOra je HEOMXofHa Kako 61 ce ocurypasno npaBuIHoO 1
npaBoOBPeMEHO Y30pKOBatbe JlaBaTa 1 acnuparta CriHyca Kog,
CyMHb€e Ha MyKOPMMKO3Y.

KrbyuHe peun: akyTHa fieyKemuja; HeyTporneHuja; MyKOPMUKO-
3a; NapaHasasiHW CUHYCY; KOMHBA3VBHA MbYBUYHA MHPEKLMja
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Hepatocellular carcinoma and impact of aflatoxin
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SUMMARY

Introduction Hepatocellular carcinoma (HCC) is the most frequent type of liver malignancy. As a car-
cinogen, aflatoxin B1 (AFB1) causes HCC by inducing deoxyribonucleic acid adducts that lead to genetic
changes in liver cells and may be the cause of HCC in up to 30% of cases. The incidence of HCC has been
on the rise and is an issue in the countries of the Western Balkans.

Case Outline This paper presents a case of a 37-year-old woman who was diagnosed with HCC, without
hepatitis B, hepatitis C, or liver cirrhosis. The patient consumed milk and dairy products in quantities of
over two liters per day over the course of 20 years, which indicates the impact of aflatoxin in milk on
HCC. A positive signal for the presence of AFB1 was detected by ELISA (enzyme-linked immunosorbent
assay) in-house using immunoperoxidase screening test.

Conclusion As carcinogenic difuranocoumarin derivative, aflatoxin B1 is the most likely cause of malig-
nant transformation of hepatocytes, which resulted in hepatocellular carcinoma in this patient.
Keywords: aflatoxin molecule; hepatocarcinogenic; hepatocellular carcinoma; Vojvodina

INTRODUCTION

Hepatocellular cancer (HCC) is the most fre-
quent liver cancer, causing the mortality in men
and women with =500,000 new cases per year
and >600,000 deaths annually [1]. Hepatitis B
virus and hepatitis C virus infection, aflatoxin
B1 exposure, iron, and arsenic are the most
frequent of all registered chemical stressors.
Regions of developing countries that have in-
creased exposure to aflatoxin correspond with
regions where HCC incidence is most evident.
There are four major aflatoxins, namely B1,
B2, G1, and G2, and two additional monohy-
droxilated metabolic products, M1 and M2,
which are found in milk and dairy products.
AFBI is the emerging mycotoxin produced by
Aspergillus flavus and Aspergillus parasiticus.
The fungal mycotoxin, AFB1, can be found in
agricultural products such as maize, cereals,
rice, and dried fruits that are stored in hot and
humid conditions [2, 3, 4]. Reports from epi-
demiological studies have demonstrated that
AFBI is the most hepatocarcinogenic myco-
toxin especially for HCC [5].

The aim of this paper is to present a pa-
tient with HCC and positive anamnesis of a
milk lover, absence of viral etiological factors
for HCC, and evidence of AFB1 as the most
significant factor in etiopathogenesis of hepa-
tocellular carcinoma in Vojvodina, an agricul-
tural region where the presence of AFB1 has
been proven in both animal feed and human
bodily fluids.

CASE REPORT

A Caucasian woman, age 37, graphic designer,
married, with two children, with no previous
surgery, had a traffic trauma, which is why she
was referred for upper abdomen ultrasound.
The ultrasound registered a tumour mass in
the right liver lobe, which had over 10 cm in di-
ameter. After that, computed tomography scan
and magnetic resonance (MR) imaging gave
the diagnosis of primary liver tumour (Figure
1), which was compressing the right and mid-
dle hepatic veins. Other laboratory parameters
showed slightly elevated hepatic enzymes with
normal bilirubin levels. There were no hepatitis
antibodies or elevated alpha-fetoprotein (AFP).
The patient was in good physical condition, bi-
cycle driver and hiker. The only suggestion she
gave in medical interview before the operation
was that she consumed over two liters of milk
and other dairy products (yoghurt and white
cheese) per day over the course of 20 years.
Simplified methods of ELISA in-house testing
using immunoperoxidase screening test detect-
ed a positive signal for the presence of AFB1 in
the patient’s serum in 12 repetitions. In addi-
tion, the same simplified screening methodol-
ogy of ELISA did not show a positive signal
for the viral hepatitis B and C. The patient was
operated on in January 2012, when right hepa-
tectomy was performed on non-cirrhotic liver.
Pathology revealed a hepatocellular carcinoma
and immunohistochemistry confirmed with
CD34 that liver sinusoids in the tumour mass
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Figure 1. Initial MR imaging, performed on a 3T machine: coronal
post-contrast TTW image shows a hypovascular mass that is domi-
nantly hypointense with low signal intensity in the central portion of
the tumour, which correlates to necrosis

Figure 2. Liver MR imaging performed 13 months after the surgery (on
the same 3T scanner): coronal post-contrast T1W image demonstrates
multifocal tumour recurrence, two hypointense nodes with rim
enhancement

were positive, whereas in the non-tumorous liver tissue
(on the resection margin) they were negative. Nine months
after the operation there were no new HCC in the rest of
the liver. Thirteen months later, there were two new liver
nodules on MR imaging (Figure 2), and the second opera-
tion was done with resection of the HCC metastases, as
well as one diaphragm metastasis. In the second year after
this operation, a new tumour mass developed in the rest of
the liver, and radiofrequency ablation was performed. The
patient died two years after the second operation.

DISCUSSION

The International Agency for Research on Cancer (IARC)
classifies AFBI as a carcinogenic substance within the first

‘ doi: 10.2298/SARH16126611

group of carcinogens for HCC. In April 2004, Lewis et
al. [6] studied contamination of maize on the market and
found that 55% of the maize was contaminated by AFB1.
The association between aflatoxin levels in the maize
found on the market and an aflatoxicosis outbreak was
confirmed. The study focused on detecting AFM1 in cow,
goat, and donkey milk, different dairy products, complete
feed mixtures for dairy cattle, as well as meat and eggs [7].

Depending on the induction of cancer, mutagens are
classified as genotoxic and non-genotoxic molecules.
Genotoxic molecules are microcomponents of nutrition,
such as aflatoxins, which cause genetic alterations. AFB1
may induce cancer, and the target organ that metabolizes
food contaminated with aflatoxins is the liver. Aflatoxins,
especially AFB1, may be metabolized by cytochrome-P450
enzymes to a highly nucleophilic-reactive genotoxic inter-
mediate (AFBO) or hydroxylated to two isomers (AFM1
and AFQI) and a demethylated (AFP1) metabolite. Un-
stable reactive intermediate AFBO forms adduct to DNA
with strong covalent bonds, resulting in AFB1-guanine
molecular system or in forming of AFB1-albumin and
other protein adducts. AFB1-guanine adducts induce the
P53 gene mutation, which is responsible for carcinogenic
effects. Another way for causing the aflatoxicosis is bind-
ing the AFBO to amino acids [8].

Approximately more than four billion of the world’s
population is exposed to environment contaminated by
aflatoxins through the food chain, particularly in devel-
oping countries [1]. Kew [9] has published data on the
daily intake of maize (g/person/day) in Eastern Europe.
In Vojvodina, there is no systematic or regular monitor-
ing of aflatoxin in agricultural products, milk, and dairy
products. There is also no biomonitoring of human milk,
serum, and liver tissue. This region has no data on the
impact of AFB1 and AFM1 on HCC. This paper presents
a case report of a possible carcinogenic effect of AFB1
on the development of HCC in the agricultural region of
Vojvodina. The patient was a woman, age 37, who suf-
fered from HCC, without hepatitis B, hepatitis C, or liver
cirrhosis, but who consumed milk and dairy products in
quantities of over two liters per day over the course of
20 years.

The results obtained by Spiri¢ et al. [3] show a weak
contamination of 54 analyzed cheese samples from the
market. In 13% of all analyzed samples, the level of AFM1
contamination was above the adopted limit of 0.25 mg/kg
[4]. Tomasevi¢ et al. [8] detected AFM1 in milk and dairy
products from the same market and found that in more
than 30% of analyzed samples, the levels exceeded the EU’s
maximum residue limit. In order to assess carcinogenic
effects of AFB1, the authors suggest routine analyses of
aflatoxin metabolites, DNA and protein adducts in the
blood, tissues, and urine in patients with HCC [9]. There
are two methods for detecting only AFB1 with sophisti-
cated equipment (ultra-high pressure liquid chromatog-
raphy tandem mass spectrometry - UHPLC-MS/MS) or
common detection by an in-house ELISA and in-house
immunoperoxidase test. AFB1 detection in serum speci-
mens was performed using an in-house ELISA, developed
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as per standard procedures with slight modifications, in
which the peroxidase-conjugated anti-AFB1 was used at
a concentration of 1:1,000 [10].

The impact of aflatoxin alone on HCC needs to be ex-
amined in patients who have neither hepatitis B, hepatitis
C, nor liver cirrhosis, with the aim of finding new antago-
nists for preventing and minimizing the genotoxic effect
of aflatoxin in liver tissue.
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XenatouenynapHu KapuuHOM U yTULaj AMdYPaHOKYMapUHCKOT cUcTeMa

adnaTokcMHa — npuKas cayyaja
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KPATAK CAZIPXKA)

YBopa XenatouenynapHu KapuuHom (XLK) Hajuewhu je Tun
manuriuteta jetpe. ApnatokcuH (ADB1), Kao KaHLeporeHo
jeanmerse, nsasmsa XLK nHaykoBarem 1e30KCPUOOHYK-
NeNHCKMX NPOAYyKaTa, Koju AOBOAE A0 reHETCKNX MPOMEHa Yy
henwnjama jetpe, n moxe n3aseatu fo 30% cnyyaja XLIK. Yuec-
TasoCT XenaToLenynapHor KapLrHoMa pacTte 1 NpeAcTaB/ba
npobnem y 3emsbama 3anagHor bankaHa.

Mpuka3 6onecHnKa Y oBoM pagy je npuKasaH ciyyvaj mna-
[le XeHe, cTapocTy 37 roanHa, Koja je obonena og XLK, 6e3
npucyctsa xenatutuca b, xenatutuca Lj n 6e3 yupose jetpe.
MaumjeHTKMHbA je KOH3YyMUpasa MIEeKO 1 MIEYHE NPOU3BOAE Y
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KONIMYMHaMa NpeKo ABa NnTpa AHEBHO TOKOM 20 rofunHa, WTo
yKa3syje Ha yTuuaj adpnatokcmHa y mneky Ha XLIK. Mo3nTtneaH
cvrHan Ha npucycteo AOB1 je geTektoBaH nomohy ELISA (nmy-
HOEH3MMCKM TeCT BUCOKE OCETIbMBOCTY) MPUMEHOM UMYHOTIE-
poKkmaasa,CKpUHUHT npoueaype.

3aK/byyak AQnaToKCuH, Kao KaHueporeHn andypaHokyma-
PVIHCKM AepuBaT, HajBepoBaTHMje je NPOY3POKOBAO0 MasIUrHy
TpaHchopMaLmjy XxenaToLuTa 1 [JOBEO A0 HaCTaHKa XenaToLie-
nynapHoOr KapuyHOMa jeTpe KOA OBe MaLyjeHTKUHbE.
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Shiga toxin-producing Escherichia coli hemolytic
uremic syndrome

Amira Peco-Anti¢
University Children’s Hospital, Belgrade, Serbia

SUMMARY

The hemolytic-uremic syndrome (HUS) is characterized by microangiopathic hemolytic anemia, throm-
bocytopenia, and acute kidney injury (AKI). The major cause of HUS in childhood (>90%) is infection with
verocytotoxin (Shiga-like toxin —“Stx”)-producing bacteria, usually enterohemorrhagic Escherichia coli
(VTEC/STEC). The infection may be transmitted by the consumption of undercooked meat, pasteurized
dairy products, contaminated vegetables, fruits and water, or by contact with STEC diarrhea. After an
incubation period of three to eight days, patients commonly develop bloody diarrhea followed in 5-22%
by HUS that may be complicated by central nervous system, pancreatic, skeletal, and myocardial involve-
ment. HUS is one of the main causes of AKl in children in Europe. The management of HUS includes the
usual treatment of children with AKI. Transfusion with packed red blood cells is needed in case of a severe
anemia, while platelet transfusions are limited to the need for a surgical procedure or in active bleeding.
Currently, there is no consensus on the use of antibiotic therapy. Treatment with plasma and/or plasma
exchange has not been proven beneficial in STEC-HUS. Eculizumab has been used for the treatment of
STEC-HUS, but the value of this treatment remains to be determined. The mortality of HUS is reported
to be 3-5%. About 12% of patients will progress to end-stage renal failure within four years and about
25% will have long-term complications, including hypertension, proteinuria, renal insufficiency, and
insulin-dependent diabetes mellitus. Transplantation can be performed without increased risk for the
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recurrence of the disease.
Keywords: acute kidney injury; children; D-HUS

INTRODUCTION

The leading clinical features of hemolytic ure-
mic syndrome (HUS) are non-immune mi-
croangiopathic hemolytic anemia, thrombo-
cytopenia, and acute kidney injury (AKI) [1].
HUS is one of the main causes of AKI in chil-
dren in Europe [2]. Histopathology of HUS is
characterized by thrombotic microangiopathy
consisting of endothelial cell injury, activation
of coagulation with consequent microvascular
thromboembolic occlusion, and organ failure,
which is transient in the majority of cases [3,
4, 5]. HUS includes diseases that have simi-
lar histopathologic and clinical features, but
different pathogenesis. The initial, historical
classification of HUS distinguished two of its
types: typical or post-diarrheal (D+) HUS due
to Shiga toxin (Stx)-producing Escherichia coli
(STEC) and atypical HUS (aHUS) or diarrheal
negative (D-) HUS that included any HUS not
due to STEC [6]. This classification of HUS
based on pre-diarrheal syndrome proved to
be misleading as post-diarrheal onset does
not eliminate the diagnosis of aHUS. With in-
creasing the knowledge of HUS, especially with
better understanding of its molecular basis, the
European Pediatric Research Group for HUS
proposed a new classification of HUS and relat-
ed diseases into two sections. The first section
includes diseases with known etiology, and the
second one covers diseases with unclear causes
(Table 1) [7]. According to this HUS classifi-

cation, the previous name — diarrhea-positive
(D+HUS) or typical HUS - has been replaced
by the more accurate term STEC-HUS to un-
derline the essential role of Stx in the patho-
genesis of the disorder.

This paper addresses current knowledge
about HUS caused by STEC. It reviews the
historical features, etiopathogenesis, clinical as-
pects, and treatment of STEC-associated HUS.

HISTORY

The term HUS was first reported by Gasser et
al. [1] who described five fatal patients with
hemolytic anemia, renal failure, and throm-
bocytopenia. After about 30 years, Karmali
et al. [8] discovered the cause of this disease
and very soon Riley et al [9] described epi-
demics with painful bloody diarrhea linked by
the consumption of undercooked hamburgers
contaminated by E. coli O157:H7 [9]. O’Brien
et al. [10] pointed to the link between the toxic
properties of E. coli O157:H7 and that of Shi-
gella dysenteriae serotype 1.

ETIOLOGY

The major cause of STEC-HUS in childhood is
infection with enterohemorrhagic E. coli and in
some tropical regions Shigella dysenteriae type
1 [8, 11]. Verocytotoxin-producing Citrobacter
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Table 1. Classification of HUS and related disorders proposed by the
European Pediatric Research Group for HUS [7]

Part 1: Etiology advanced

Infection induced

(a) Shiga and verocytotoxin (Shiga-like toxin)-producing bacteria
(enterohemorrhagic Escherichia coli, Shigella dysenteriae type 1,
Citrobacter)

(b) Streptococcus pneumoniae, neuraminidase, and T-antigen
exposure

Disorders of complement regulation

(a) Genetic disorders of complement regulation

(b) Acquired disorders of complement regulation, for example
anti-FH antibody

von Willebrand proteinase, ADAMTS13 deficiency

(a) Genetic disorders of ADAMTS13

(b) Acquired von Willebrand proteinase deficiency; autoimmune,
drug induced

Defective cobalamin metabolism

Quinine induced

Part 2: Clinical associations or etiology unknown

HIV

Malignancy, cancer chemotherapy, and ionizing radiation
Calcineurin inhibitors and transplantation

Pregnancy, HELLP syndrome, and oral contraceptive pill

Systemic lupus erythematosus and antiphospholipid antibody
syndrome

Glomerulopathy
Familial, not included in Part 1

Unclassified

HUS - hemolytic uremic syndrome; FH - factor H; HELLP — hemolytic anemia,
elevated liver enzymes, and low platelets; HIV - human immunodeficiency
virus; ADAMTS - a disintegrin-like and metalloprotease with thrombospondin
type | repeats

Table 2. Annual incidence of hemolytic uremic syndrome (HUS) in

children
Cases of
Region Study time HUS/100,000 | STEC- Reference
9 period children (age, | HUS (%)
years)
British Isles 1985-88 0.65-0.91 (<16) 95 21
Argentina 2002 12.2 (<5) >90 22
France 1998 0.7 (<15) 83 23
Germany 1997-2000 0.7 (<15) 83 24
Norway 1999-2008 0.5 (<16) 81 25
USA 2000-2007 0.78 (<18) 90 26
Australia 1994-1998 0.64 (<15) 84 27
Austria 1997-2000 0.37 (<15) 83 24
Italy 1988-2000 0.28 (<15) 73 28
2011-2014 (all)
Serbia 1985-2014 0'28 2311 > 70 /
(D % PE) )

D - dialysis; PE - plasma exchange; STEC-HUS - Shiga toxin-producing Esch-
erichia coli hemolytic uremic syndrome

freundii has also been reported [12]. Synonymous for en-
terohemorrhagic E. coli (EHEC) are verotoxigenic, vero-
cytoxin-producing, or verocytotoxigenic E. coli (VTEC/
STEC). STEC expressing somatic (O) antigen 157 and
flagellar (H) antigen 7 are the serotype most frequently
associated with HUS, but at least during certain periods,
non-O157:H7 STEC appears to be more common [13-17].

E. coli produces Shiga toxins 1 (Stx1) and 2 (Stx2).
These toxins consist of two A and five B subunits. B sub-
units have affinity to globotriaosylceramide (Gb3Cer) re-

ceptors located in the membranes of glomerular, colonic,
and cerebral epithelial or microvascular endothelial cells,
as well as in renal mesangial and tubular cells, monocytes,
and platelets. The A subunit causes cell death by its N-
glycosidase activity, which inhibits protein synthesis at the
level of 28S ribosomal RNA [18].

EPIDEMIOLOGY

Most STEC infections are asymptomatic, or manifested by
non-bloody diarrhea, while minority have bloody diarrhea
and HUS. The majority of STEC-HUS cases are sporadic,
although large outbreaks have been reported [19]. Cattle
are a major reservoir of STEC infection, which does not
cause disease in them because their vascular endothelial
cells have no Gb3Cer receptors. The infection may be
transmitted by the consumption of undercooked meat,
pasteurized dairy products, contaminated vegetables,
fruits, and water, or by contact with STEC diarrhea. The
risk of HUS development is higher in patients infected
with EHEC O157:H-, in children younger than five years
of age, those who use antimotility agents while use of an-
tibiotics remains controversial [20]. Bloody diarrhea, fe-
ver, vomiting, leukocytosis, and not receiving intravenous
hydration and volume expansion were also recognized as
risk factors for HUS development [21].

An average annual incidence for HUS in children un-
der 15 years of age is about 0.7 per 100,000 [21-28]. The
highest HUS incidence worldwide occurs in Argentina
(12.2 cases/100,000 children aged < 5 years) [22], and the
lowest incidence was reported in Italy (0.28 cases/100,000
children <15 years old [28]. The incidence rate in Serbia
is also low (Table 2). The reasons for variable incidence
in different regions are unclear, but it may be related to
exposure to STEC, and potential genetic susceptibilities
of specific populations.

STEC-HUS is a dominant form of HUS in children with
the participation of 72-95% of all cases of HUS. It is more
common in younger children, with most cases occurring
in summer’s months. At the beginning of May 2011, a large
outbreak of STEC infections started in northern Germany
[19]. More than 3,800 cases of E. coli-positive infections
were reported, including 845 patients with HUS. Major-
ity (88%) of the patients with HUS were adults, with an
overrepresentation of women. This may be explained by
ingestion of infected sprouts, which are rarely consumed
by young children.

PATHOGENESIS

A major event in the pathogenesis of HUS is the EHEC
colonization of the colon. EHEC strains express adhesins
by which they adhere to the intestinal epithelial cells. [18].
They may cause colitis with bloody diarrhea due to intes-
tinal cell death and vascular damage. Infected intestinal
cells secrete cytokines in the intestine and into the circula-
tion. It is proposed that Stx is transported in circulation by
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leukocytes and platelets, which also transport Stx to the
microvasculature of the target organs that possess Gb3Cer
receptors [18]. After B subunit of Stx binds to the Gb3Cer
receptor, A subunit is transported to the Golgi apparatus
and releases a protease which inhibits ribosomal function,
leading to cell death. This process can also activate signal-
ing pathways which induce an inflammatory response in
affected cells. In fact, binding of Stx to its receptors has at
least dual effect - the first one stimulating the release of
cytokines including TNF-a, IL-1, and IL-6, and the sec-
ond effect being cytotoxic, directly killing the cells. [18].
The released cytokines induce an inflammatory reaction,
which amplifies further secretion of cytokines, and in as-
sociation with Stx, lipopolysacharide, and other virulence
factors increase the cytotoxic damage. Thus, Stx is capable
of stimulating cells to release cytokines as well as inducing
cell death by inhibition of protein synthesis or by apopto-
sis. In contrast to the brain, kidneys and other Gb3Cer-en-
dowed organs prone to inflammatory and cytotoxic EHEC
effects, monocytes, polymorphonuclear cells, and platelets
are resistant to the Stx cytotoxic effects [18]. Stx provokes
direct endothelial damage by a ribotoxic stress response
and by increasing inflammation stimulating expression of
cytokines and chemokines. These lead to the formation
of microthrombi, followed by injury of the target organs,
especially the kidney and the brain. In addition, damaged
endothelium causes fragmentation of erythrocytes with
consequent hemolytic anemia while platelet consump-
tion results in thrombocytopenia. Glomerular thrombi
and damage to tubular epithelial cells decrease glomerular
filtration and cause AKI.

The role of complement activation in STEC-HUS is
still a subject of debates. In vitro studies of endothelial
cells have demonstrated that exposure to Stx increases
expression of P-selectin, which binds and activates C3 via
the complement alternative pathway [29]. The C3a that
is produced following the cleavage of C3 potentates the
activation of the alternative pathway of complement, re-
duces the expression of thrombomodulin, and promotes
thrombus formation [29]. Reports of low serum levels
of C3 in children with STEC-HUS date back to the early
1970s [30]. More recent studies have confirmed C3 reduc-
tions in severe cases of STEC-HUS [31].

CLINICAL ASPECTS

The interval between ingestion of E. coli and the onset of
diarrhoea is usually three days. About 50% of these pa-
tients develop nausea and vomiting. Only 30% have fever.
Bloody diarrhea occurs in about 90% of cases. The colon
can be quite severely affected. Severe colitis can result in
transmural necrosis with perforation and/or later develop-
ment of colonic stricture. HUS is typically attained about
a week after the onset of diarrhoea in 5-15% of cases, but
during outbreaks it may increase up to 30%. Thrombocy-
topenia is the first abnormality in most patients. Patients
suffer from hemolytic anemia, thrombocytopenia, and
renal failure [6]. Elevation of pancreatic enzymes is com-

| doi: 10.2298/SARH1612664P

mon, and edema of the pancreas, indicative of pancreatitis,
can be detected by ultrasound or computed tomography
scan. Hematological manifestations include the following:
acute decay of hemoglobin, fragmented erythrocytes, low
or undetectable levels of haptoglobin, thrombocytopenia,
and massive increase of lactate dehydrogenase (LDH). By
definition, all patients with STEC-HUS manifest some
degree of renal insufficiency. Approximately 30-40% of
the patients will require dialysis therapy for an average
duration of 10 days.

The majority of patients show a complete restitution.
Poor prognostic factors for chronic renal disease include
neutrophilia >20,000/ml, shock during the acute phase,
anuria for more than two weeks, central nervous system
involvement, severe colitis and/or rectal prolapse, renal
cortical necrosis, extensive renal thrombo-microangi-
opathic lesions (50% glomeruli), and proteinuria at one
year [20, 32-35]. The multivariate model which included
all markers for severe acute disease showed that the asso-
ciation with poor long-term outcome was stronger for the
use of plasma treatment than for other markers of severe
acute disease such as neurological symptoms, hyperten-
sion, use of dialysis, and longer duration of dialysis [34].
Neurological complication occurs in 20-25% of patients
with STEC-HUS [34]. They represent a combined effect
of Stx-induced vascular injury, endothelial dysfunction,
hypertension, and electrolyte disorders. Their manifesta-
tions may be seizures, loss of consciousness, thrombotic
strokes, and cortical blindness, but also sudden death [34].
Skeletal muscle involvement and myocardial lesions are
rare clinical manifestations.

Mortality rates in pediatric STEC-HUS range from
1-5% in sporadic cases, but in some outbreaks may be
even up to 11%. Acute mortality rate declined dramatically
with the introduction of early dialysis for severely affected
oligo-anuric patients. Brain involvement is the most com-
mon cause of death, and less frequent causes are conges-
tive heart failure, pulmonary hemorrhage, hyperkalemia/
arrhythmia, and bowel perforation/hemorrhagic colitis.
Having in mind long term complications, it is important
to follow up patients who had HUS for at least five years,
and over longer periods if indicated. Strict blood pressure
regulation and normalization of proteinuria is very impor-
tant for control of chronic kidney disease progression [36].

DIAGNOSIS

The tests required for a diagnosis of STEC-HUS are pre-
sented in Table 3. Main clinical diagnostic criteria include
combination of microangiopathic anemia, thrombocyto-
penia and AKI. The criterion for anemia is age-dependent
and sex-dependent and the confirmation of the microan-
giopathic character is based on microscopic review of the
peripheral smear and detection of schistocytes. In addi-
tion to monitoring the hemoglobin, hemolytic parameters
(LDH, haptoglobin), hematocrit, and platelet count, pa-
rameters of level of renal function, amylase, lipase, glucose,
and liver function studies should be performed during the
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Table 3. Tests for diagnosing hemolytic uremic syndrome

General investigations:

Chemistry including renal and liver function, LDH, glucose, urate,
lipase, amylase

Full blood count, microscopic review of the peripheral smear and
detection of schistocytes

Clotting screen

Urine examination, proteinuria, albuminuria
Stool microscopy and culture
VTEC serology (ELISA and western blot)

Molecular diagnosis of STEC in stool directly with ELISA or
indirectly by VT PCR

Selective investigations:
Direct Coombs test

Thorax and abdominal X-ray

Renal and abdominal ultrasound
Abdominal CT

ECG

EEG

MRI (or CT) of the brain

Renal biopsy if required

LDH - lactate dehydrogenase; VTEC - verocytotoxigenic Escherichia coli;
ELISA - enzyme-linked immunosorbent assay; STEC - Shiga toxin-producing
Escherichia coli; VT PCR - verotoxin polymerase chain reaction; ECG -
electrocardiogram; EEG - electroencephalogram; MRl — magnetic resonance
image; CT - computed tomography

acute phase of the disease. Screening for and isolation of
EHEC from stool specimens has the highest likelihood of
positive culture on the third day. Molecular diagnosis of
STEC can be done in stool directly with the detection of
Stx with enzyme-linked immunosorbent assay (ELISA)
or indirectly (Stx genes) with polymerase chain reaction
(PCR). Specific serogroup identification can be achieved
using ELISA and western blot with specific antibodies de-
tection, both in the acute and convalescent periods. E. coli
0157: H7 can best be detected by plating of fresh feces
on sorbitol-MacConkey agar. This agar has sorbitol, not
lactose, as a carbon source. Unlike most human fecal E.
coli, 0157:H7 strains cannot ferment sorbitol after over-
night incubation on sorbitol-MacConkey agar, and they
therefore appear as colorless colonies.

Selective investigations include Coombs test, which is
negative in HUS, thorax and abdominal X-ray, renal and
abdominal ultrasound. In case of pancreatitis or suspect
collection, it is necessary to perform abdominal com-
puted tomography. Electrocardiogram should be done in
case of presented cardiac failure and/or severe electrolyte
disturbance. Neurological examination screens for cen-
tral nervous system involvement, electroencephalogram
and magnetic resonance imaging / radiographic imaging
is needed in symptomatic patients. Renal biopsy is very
rarely required. In the renal histology, the arteriolar affer-
entes — and more rarely the arteriolar efferentes — show
swelling of the endothelial cell, subendothelial deposits of
fibrinoid substances, and thrombosis of the arterioles. In
the glomerulus, swelling of capillary endothelial cells and
capillary dilatation are found. The deposits of fibrin in the
capillaries, including thrombosis and hyalinosis, are also
described. Tubular damage, focal or segmental, with necro-
sis and atrophy is of significance for long-term outcome.

THERAPY

There is no specific therapy for STEC-HUS. The man-
agement of HUS includes the usual treatment of children
with AKI [37]. Early diagnosis and supportive care are
of major importance. Maintaining an appropriate renal
perfusion is very important in preventing HUS. Studies
show that adequate pre-HUS volume expansion is associ-
ated with lesser AKI in HUS [35]. Packed red cell transfu-
sion is indicated for Hb <6 g/dl, or in case of Hb <7 g/dl,
but symptomatic. It may worsen hyperkalemia and cause
volume overload. Platelet transfusion is rarely indicated
unless invasive surgery is planned or there is intracranial
hemorrhage. Preferred treatment for hypertension is with
vasodilators [38]. Renal replacement therapy should be
implemented according to the usual indications in AKI
[39]. Medication that could elevate the risk or worsen
AKI (diuretics, NSAIDs, ACE inhibitors, and nephrotoxic
agents) should be avoided. Currently, much controversy
revolves around antibiotic treatment of EHEC. They are
not a part of routine management. However, recent data
suggest that fluoroquinolones and azithromycin might
actually be beneficial in preventing HUS or decreasing
the severity of symptoms in STEC-HUS patients [40, 41].
Well-designed studies are needed to establish the role of
antibiotics in this setting.

Plasma treatment is currently the treatment of choice
for atypical HUS patients and is at times used in severe pe-
diatric patients with STEC-HUS without proven beneficial
effects [19, 20]. The assumption that plasmapheresis can
remove the Stx from the circulation is not based on hard
evidence [42]. Unlike the usual practice for the limited
application of plasmapheresis in pediatric patients with
STEC-HUS, in adult patients plasma therapy has until re-
cently been “the cornerstone of treatment” [43, 44]. Multi-
center retrospective case-control study which included 298
adult patients with STEC-HUS, in which plasmapheresis
was carried out in 84% of the patients, questioned this
traditional therapeutic approach as no benefit or only
marginal benefit was found [42]. Neutralizing monoclo-
nal antibody of Stx is promising amongst new therapies
in the development of Stx [41]. The Synsorb® Pk (Synsorb
Biotech Inc., Calgary, Canada) was not found to be benefi-
cial, but Starfish has been shown to bind to Stx 1,000 times
more efficiently than Synsorb® Pk [41]. Eculizumab is a
recombinant, humanized, monoclonal immunoglobulin
G antibody directed against C5 protein, inhibiting acti-
vation of the terminal complement pathway. It is clearly
indicated in some children with atypical HUS, but its value
in patients with STEC-HUS remains to be determined [19,
45]. Anti-motility agents, anticoagulation, antiaggregation
and fibrinolysis are not associated with better outcome.
Corticosteroids, plasmapheresis, and plasma infusion are
not superior to supportive therapy. Renal transplantation
in “classic” HUS is rare and recurrence of STEC-HUS is
the absolute exception [21]. Therefore, in patients with
Stx-associated HUS, transplantation can be performed
without increased risk for transplant failure.
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PREVENTION

Preventive measures and effective therapies remain im-
portant goals. They can be summarized into three cat-
egories: (1) infection prevention (exposure reduction, ac-
tive immunization against ‘protective’ bacterial antigens
and Stx), (2) primary or causal therapies targeting Stx
directly, and (3) secondary therapies, aiming at down-
stream molecular and pathological events (inhibitors of
stress-activated protein kinases, apoptosis, the thrombotic
cascade) [41]. More recently, advanced, multibranched
Stx receptor analogs and polymers, and peptide-based
intracellular toxin inhibitors have been developed with
therapeutic potential for oral and intravenous application
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XeMONUTUUKK YPEMMCKM CUHAPOM M3a3BaH ELIePUXMUjOM KOIM Koja NPOAYKYje

TOKCHH LWiura

Ammpa Meuo-AHTuh
YHVBep3uTeTCKa fleyja KnuHWKa, beorpag, Cpbuja

KPATAK CALIPXKAJ

Xemonutnukn ypemujcku cruHapom (XYC) KapakTepuiiue MyKpo-
aHr1omnaTcka XeMos3Ha aHeMuja, TPOMOOLMTOMNEHNja U aKyT-
Ho owTehere 6y6pera (AOB). MasHu y3pok XYC (>90%) y ae-
TUHHCTBY je nHdeKLmja n3a3BaHa 6akTepujama Koje npomyKyjy
BEPOLIMTOTOKCHH (ClIYaH TOKCKHY Lnrena —,stx”), Hajuewhe
eHTepoxemoparujckom etuepuxujom konw (VTEC/STEC). Undek-
Lja ce MOXe MpeHeTn ynoTpe6om HeKyBaHOT Meca, nacTepy-
30BaHUX MJIEYHVX NPOV3BOAA, KOHTaMMHMpaHor nospha, Boha
1 BOAE, NI KOHTAKTOM ca ocobama Koje nmajy aujapejy. Mocne
MHKy6aLMOHOr Neproaa of TPU A0 0caM AaHa 6onecHnLm 06-
MYHO [06Wjy XeMOparujckn KONUTUC, NOCTE Kojer ce Kof 5-22%
obonenux passuja XYC Koju Moxe 61TV KOMNIMKOBaH eKCTpa-
peHanHum nopemehajuma ykbyhyjyhu nopemehaje LeHTpan-
HOT HEPBHOT CMCTeMa, MaHKpeaca, CKeneTHor Mulumha v cpua.
STEC XYC je jepaH o rnaBHux y3poka AOb kog geue y EBponu.

PeBusuja « Revision: 17/10/2016

Jleuerbe XYC kop feue obyxBaTa yobuyajeHu TpetmaH AOB.
TpaHcoy3uja eputpoumTa je NoTpebHa Kop TellKke aHeMuje, a
TpaHcdy3mja TpomboLMTa CaMo Mpe XUPYpPLUKe MHTEPBEHLMje
UNU KO aKTUBHOT KpBapetba. YnoTpeba aHTMOMOTHKA Huje
jacHo peduHMcaHa. Huje fokazaHo KOPUCHO AejcTBO NHY3Wja
nnasme nnu nnasmadepese. Euynusymab je npumerbeH Kog
obonenux og STEC XYC-a, anu KOpUCT OBOT TPETMaHa ocTaje
Tek Aa ce TayHuje carnepa. Ctona moprtanuTeTa je 3-5%. Koa
0KO 12% 6onecHuka XYC nporpagmpa y TepmuHanHy 6yopexHy
VHCYGULIMjeHLM]Y Y TOKY YETUPU roamnHe, a y 25% he umatu oy-
roTpajHe KoMnauKauuje ykibyuyjyhu xvnepreHsujy, nosehaHy
npoTeviHypujy, 6y6pexHy NHCybULMjEHLM]Y U MHCYNNH-3aBN-
CHY aujabetec menutyc. TpaHcnnaHTaumja 6ybpera ce Moxe
npumeHnTU 63 pr3rKa of noBpaTka bonectu.

KmbyuHe peun: akyTHO owtehetbe bybpera; aeua; J-XYC
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Development of cardiopulmonary bypass
— A historical review
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SUMMARY

The idea of isolated organ perfusion, a precursor of cardiopulmonary bypass, came by Legalois in 1812.
First isolated organ perfusion was described by Loebell in 1849. The first closed system for oxygenation
and returning the blood through arteries was created by Frey and Gruber in 1885. Gibbon Jr. is considered
the father of extracorporeal circulation. In spring of 1934 he began constructing a machine for extracor-
poreal circulation in Boston. He published the first description of this system in 1937. Gibbon won the
grant of the International Business Machines Corporation for developing the machine in 1947. Together
they developed Model | in 1949 and Model Il in 1951. After a few unsuccessful attempts in 1952, the
first successful surgical intervention on the heart (closure of atrial septal defect) using cardiopulmonary
bypass was performed on May 6, 1953. In 1945, Kirklin and his working group reported on a series of
eight successfully treated patients in a row who underwent surgery with extracorporeal circulation. First
successful valve surgery under the direct vision was performed by Dodrill in 1952, using his “Michigan
Heart”machine as a right heart bypass. Using cardiopulmonary bypass, cardiac surgeons can deal with
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the complex cardiac pathology and save millions of lives.
Keywords: invention; history; cardiopulmonary bypass; extracorporeal circulation; Gibbon

INTRODUCTION

Cardiac surgery, a radical-reconstructive sur-
gical discipline like it is today, could not have
been developed without the interaction be-
tween medicine and engineering. For most re-
constructive surgical procedures on the heart
it is necessary to stop and empty the heart to
acquire clear operative field, especially for the
surgery of cardiac chambers. The only possible
way to achieve this is to use cardiopulmonary
bypass in cardiac arrest induced by cardiople-
gic solution. Discovery of heparin in 1917 by
William H. Howell and Jay McLean led to the
idea of developing extracorporeal circulation
[1]. Our objective is a historical review of the
cardiopulmonary bypass development.

HEART SURGERY BEFORE THE
DEVELOPMENT OF EXTRACORPOREAL
CIRCULATION

Before the invention of cardiopulmonary
bypass, cardiac surgery had a high rate of
perioperative complications, often resulting
in fatality. The surgery of a 24-year-old pa-
tient, performed by Daniel Williams Halle in
Chicago on July 10, 1899, is considered to be
the first successful operation of a stab wound
on the heart, although the patient had only
suffered pericardial trauma with no heart in-
volvement [2]. The first attempts of pulmo-
nary artery thromboembolectomy were de-
scribed by Trendelenburg in 1908 and 1909.
Both of them were unsuccessful [3]. The first

successful pulmonary artery thromboembo-
lectomy was performed in 1924 by Kirschner
[4]. Poor outcomes of patients with attempted
pulmonary thromboembolectomy were noted
by Gibbon in 1937, inspiring him to develop
a machine for extracorporeal circulation.
Specifically, at that time, only nine out of 142
patients worldwide in whom pulmonary em-
bolectomy was attempted survived this proce-
dure [4]. At that time, heart valve surgery and
congenital heart disease surgery were mainly
at palliative level.

ISOLATED ORGAN PERFUSION AS A
PRECURSOR OF CARDIOPULMONARY
BYPASS

The idea of the isolated organ perfusion came
from the reports of Julien Jean César Legalois
in his monography Expériences sur le principe
de la viein 1812. He argued that if it were pos-
sible to make an artificial device that could use
injectors to deliver arterial blood to the device,
then it could be possible, using this device, to
keep life of any part of the body, as well as
throughout the body, indefinitely, thus ensur-
ing resurrection.

The first isolated organ perfusion (artificial
blood supply to a dog’s kidney) was described
by Karl Eduard Loebell in his dissertation in
Marburg in 1849. Alexander Ludwig and Carl
Schmit presented a method for continuous
artificial blood supply to a dog’s kidney with
venous blood under the effect of hydrostatic
pressure in 1867.
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At the Institute of Pharmacology in Strasbourg, Walde-
mar von Schroeder developed a device that could oxygen-
ate the blood during perfusion (a primitive bubble oxy-
genator) in 1882. [5].

The real precursor of extracorporeal circulation was con-
structed at the Institute of Physiology in Leipzig in 1885 by
Max von Frey and Max Gruber. The system consisted of the
venous blood supply, oxygenation cylinder that used film
oxygenation principle and pumps that pumped the blood
in continuing fashion under the influence of hydrostatic
pressure. Their system consisted of devices that affected the
blood temperature, a thermometer, and pressure gauges. It
was the first machine that could perform blood oxygenation
without any interruption of the blood flow [6]. This device
seemed too complicated for Carl Jacobj, from the Institute in
Strasbourg, and in 1890 he developed his perfusion system
that he called “Hematizator” He used a pump with pulsa-
tile blood flow, and, unlike before, he developed systems
that had pumps with continuous blood flow [7]. The pump
with pulsatile flow dynamics was developed by Hamel at
the Institute of Physiology of the University of Bern [5].
Oxygenation of the blood was performed in the tank, by
direct air contact (bubble oxygenation). Since air embolism
was a concern, Jacobj abandoned this technique in 1985. He
developed a machine that he named “Double Hematizator.”
The machine consisted of two pumps. Isolated lungs of an
experimental animal were inserted between the pumps per-
forming blood oxygenation [8].

At the beginning of the twentieth century, Zeller in
Berlin created a link between the earlier experiments of
artificial perfusion of organs and eventual use in clini-
cal practice. In 1908 he declared that the use of artificial
perfusion should be considered in the surgery of heart
wounds, pulmonary thromboembolism, as well as in
bleeding to death [5].

JOHN HEYSHAM GIBBON JR. - THE FATHER OF
EXTRACORPOREAL CIRCULATION

Gibbon Jr. was born on September 29, 1903 in Philadelphia.
He attended Princeton University in New Jersey from 1919
to 1924. In 1927 he completed his studies at the Jefferson
Medical College in Hillsboro, Missouri. He was the fifth
generation of physicians in his family, and the third gen-
eration of surgeons. His father was a professor of surgery at
the Jefferson Medical College and a nationally recognized
surgeon [9]. After graduation, he spent two years on intern-
ship at a hospital in Pennsylvania [10]. After that he went to
Harvard and carried a one-year research fellowship under
the guidance of surgeon Edward Dundrige Churchill [11].
During that time, Gibbon got an idea that changed his life
and profoundly influenced the history of cardiac surgery.
Gibbon’s wife, Mary Hopkinson, who was Gibbons tech-
nical assistant in the research, said that October 3, 1930 was
a day that changed the history of cardiac surgery. On that
day, in the afternoon, Dr. Churchill and his colleague James
White were called by a patient, who was recovering from
a gallbladder surgery, and complained about the problems

o

Figure 1. Dr. John Heysham Gibbon Jr.

regarding shortness of breath. Based on the clinical symp-
toms and signs, they quickly diagnosed acute pulmonary
thromboembolism [12]. It was obvious that the patient
needed surgical intervention. However, since pulmonary
thromboembolectomy was successfully performed only in
Europe, Churchill decided to postpone surgical interven-
tion, and said that the intervention could be performed
only if the patient’s condition became so bad that there was
no other solution. A day later, the patient’s condition dete-
riorated, and Churchill performed the surgery. The patient
did not survive [12, 13]. Gibbon, who was responsible for
monitoring the patient’s condition prior to the surgery, in
order not to miss the moment when the operation was nec-
essary, got an idea. Several years later, Gibbon recounted
his thoughts, “.. during the 17 hours by this patient’s side,
the thought constantly recurred that the patient’s hazardous
condition could be improved if some of the blue blood in
the patient’s distended veins could be continuously with-
drawn into an apparatus where the blood could pick up
oxygen and discharge carbon dioxide, and then pump this
blood back into the patient’s arteries. Such a procedure
would also lend support to the patient’s circulation while
the embolectomy was being performed” [14].

At that time, Gibbon was interested in the study of
pulmonary thromboembolism. On October 15, 1930, he
began experimenting on cats, examining the correlation
between the degree of artificially created stenosis of pul-
monary artery and drop of blood pressure [15]. In March
1931, Mary Hopkins and John Gibbon were married, and
shortly thereafter they returned to Philadelphia. Gibbon
talked about his idea for the next three years, but it was
generally thought impossible to implement this idea in
practice. Meanwhile, Gibbon worked with Eugene M.
Landis on other experiments, but it was Landis that en-
couraged his intent to make invention [16]. In the spring
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of 1934, Gibbon returned to Churchill in Boston, and
convinced him to provide a laboratory for his research.
Churchill accepted it, but without much enthusiasm [13].

Gibbon thought that the biggest problem was to pro-
vide adequate oxygenation of the blood, although at that
time several methods for blood oxygenation had already
been discovered. He published the first description of this
system in 1937. His perfusion system was able to provide
the blood oxygenation for the flow of 500 ml per minute.
Oxygenation was conducted in a rotating vertical cylin-
der under the principles of film oxygenation. The system
consisted of two pumps that were securing a continuous
flow under the influence of hydrostatic pressure, one that
pumped the blood from the venous cannula to the oxygen-
ator, and the other that pumped the blood from the oxy-
genator to the arterial circulation [17]. Shortly afterwards,
Dale and Schuster proposed a modification, according to
which the pump worked in pulsatile fashion [18].

Gibbon had been using cats as experimental animals
since 1934. He wanted to prove that it was possible to
maintain life without the blood flow in the lungs. After
another year spent in Boston, he returned to Philadelphia.
After solving various technical problems of the pump, on
May 10, 1935, he was able to open and close the pulmo-
nary artery of a cat. During that time (39 minutes), the
function of cardiopulmonary system was replaced by ex-
tracorporeal circulation, and the cat survived. He contin-
ued his research, with an interruption from 1941 to 1944
due to World War II [17].

After World War II, Gibbon recognized that there was a
problem in the capacity of blood oxygenation. Such a low
capacity was insufficient for larger animals. He became
aware that he was unable to improve the machine by him-
self, and decided to seek help from engineers. Dean of the
University of Philadelphia advised Gibbon to meet with
heads of IBM (International Business Machines Corpora-
tion) in 1946, and they referred him to the director of IBM,
Thomas J. Watson, with whom he met in 1947 [11]. After
listening to Gibbon, Watson promised him financial and
technical support for the development of the extracorpo-
real circulation over the next seven years [12].

THE RESULT OF COMMON WORK

IBM and Gibbon produced Model I extracorporeal circu-
lation in 1949. This model had improved the capacity of
oxygenation of the blood, while the pulsatile pump was
used instead of the double-roller pump. Michael DeBakey
modified the pump with the pulsatile flow [19]. However,
during the experimental use, a flaw was spotted — the ca-
pacity of blood oxygenation was still insufficient for the
animals larger then cats. In addition, there was a problem
with hemolysis and repeated air embolisms. They decided
to stop experiments on animals until they found a solution
to these problems [20].

The result of further common research was Model II,
which was significantly different from the previous model.
Instead of the cylindrical oxygenator based on the prin-

| doi: 10.2298/SARH16126705
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ciple of film oxygenation, Model II used a system of grids
placed in an oxygen atmosphere. This system combined
the principles of film oxygenation and turbulent blood
flow through the grid. The grid had openings of different
diameters, depending on the required capacity of blood
oxygenation. It still had the double-roller pump, whereby
the venous pump had to provide recirculation of blood
in the oxygenator, and to maintain constant thin film of
the blood on the grid [21]. The machine was capable of
measuring blood pH, blood oxygen saturation, blood
flow rate, and temperature, and possessed a mechanism
for regulating the temperature and the pH level [20]. This
model was much more effective than the previous ones.
In April 1951, at the Jefferson Institute in Missouri, a dog
weighing 10 kg survived a 96-minute-long total cardio-
pulmonary bypass. After the development of Model II,
the mortality of experimental animals reduced consider-
ably, compared to the period before 1949 [22]. Despite a
significant reduction in mortality, there was still a problem
of gas embolism after opening the heart cavities. Attempts
to solve this problem were made in different ways, and the
optimal solution was found by Bernard J. Miller in 1952.
He described the need for an artificial tube, which would
be introduced into the heart chambers to draw out the air.
Miller’s advice was that this kind of tubes, called vents,
could be introduced through the heart apex into the left
ventricle [23]. After that, Albritten reported the introduc-
tion of the vent through the left atrium [24].

FIRST ATTEMPTS AT CLINICAL USE OF
EXTRACORPOREAL CIRCULATION

After the encouraging results of experimental studies on
animals, the conditions for the clinical use of extracor-
poreal circulation were met. The first clinical use of the
Model IT machine took place in February 1952 by Gibbon.
It was a 15-month-old baby girl with the suspected pres-
ence of atrial septal defect (ASD). After placing the patient
on cardiopulmonary bypass and opening the right atrium,
there was no sign of ASD. The patient died on the table,
and a large patent ductus arteriosus was found on autopsy.

In an adult patient, Model II was first used on March 7,
1952. It was a 41-year-old patient with heart failure, with
suspicion of myxoma or thrombus in the right atrium.
Frank Albritten performed the surgery, using the machine
as a right heart bypass. Cardiopulmonary bypass was over-
seen by Miller. After opening the right atrium, neither a
tumor nor a thrombus was found. After terminating car-
diopulmonary bypass, cardiac contraction began to fail
and finally stopped. Resuscitation methods briefly restored
the heart function, and they were able to close the chest,
but during immediate postoperative course, the patient
developed pulmonary edema and died. The autopsy report
verified that the preoperative diagnosis was misplaced.
The patient was suffering from dilated cardiomyopathy
due to interstitial myocarditis [25].

On April 17, 1952 Gibbon used his machine to sup-
port the circulation in an older anuric patient with central
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Figure 2. Heart-lung machine dating from 1958 (design first appeared
in 1955), used in London’s Middlesex Hospital

cyanosis and edema. For angioaccess, he used the right
internal jugular vein and the right radial artery. He set
the flow rate at 300 ml/min. for a period of 45 minutes.
During the circulatory support, the patient’s face turned
pink. The patient died three hours after the termination
of assisted circulation [17].

FIRST SUCCESSFUL SURGICAL INTERVENTION
USING CARDIOPULMONARY BYPASS

Cecilia Bavolek, an 18-year-old girl, had symptoms of the
right heart failure. Donald Burns Lewis initially thought
that she had mitral stenosis, and introduced Gibbon to
the case under that diagnosis [25]. After the cardiac cath-
eterization, Gibbon and co-workers found that she most
likely had ASD, and decided to perform the exploratory
surgical intervention.

On May 6, 1953 Gibbon and associates started with the
surgery, for which he had prepared the Model II machine,
filled with heparinized blood of adequate blood group.
Through the bilateral thoracotomy in the fourth intercos-
tal space, they accessed the mediastinum and identified
the dilated right ventricle and the pulmonary artery. After
opening the pericardium, they saw that the right atrium
was also dilated. By palpation, Gibbon found that the pa-
tient had ASD. It was decided that the patient should be
placed on total cardiopulmonary bypass, during which
they would cannulate the left subclavian artery and both
venae cave. After the onset of cardiopulmonary bypass,
they spotted a blood clot in the oxygenator, due to the in-
sufficient dose of heparin applied, but they continued with
the operation. Opening the right atrium, Gibbon verified a
small ASD. At the initiative of his assistant Frank Albrich-
ten, the defect was closed by the direct suture instead of

the pericardial patch, as was done in experimental animals.
After 26 minutes of total cardiopulmonary bypass, they
removed the ligature from both venae cave, proceeded
as a partial cardiopulmonary bypass, removed the vent
from the left ventricle, and after 45 minutes stopped ex-
tracorporeal circulation. An hour after the surgery the
patient woke up without any neurological deficit. After
the surgery, Gibbon personally informed Alfred Blalock
and Clarence Crawford by telephone that the operation
was successful [25].

Subsequently, in July 1953, Gibbon operated on two
more patients with congenital heart diseases, but none of
them survived [26]. In 1954, Gibbon closed the ventricular
septal defect in a 38-year-old patient with four interrupted
sutures. The patient survived the operation, but died a few
hours later [27]. Gibbon was so disappointed that he an-
nounced that he would not operate on heart for one year
and would deal with liver surgery [26].

IBM discarded Model II, and presented Model III,
which was submitted to Jefferson College in July of 1954.
IBM presented its plans to produce it for about ten institu-
tions around the world [28].

From March 22, 1954, modified Model II, called Mayo
Gibbon Pump Oxygenator, was used in Rochester by a
working group led by John Webster Kirklin. They first
published a report on a series of eight consecutive patients
successfully treated with the use of extracorporeal circula-
tion (Figure 2).

OTHER WORKING GROUPS

While Gibbon was developing his machine, there were
attempts from other working groups as well. Clarence
Denice started to develop his machine for extracorporeal
circulation in Minneapolis in 1947, on the principles of
Gibbon’s experiments. In April and May of 1952, they al-
ready clinically tested their pumps in two patients. The
first patient, who instead of his preoperative diagnosis of
ASD actually had atrioventricular canal defect, died in the
operating room, while the other patient, despite success-
tully closed ASD, died of a massive gas embolism [29, 30].

Forest Dewey Dodrill and General Motors developed
their machine, which initially had no oxygenator and did
not exclude lung function. The machine changed the func-
tion of one or both chambers separately. They started the
trials in 1951. The first use of their machine called “Michi-
gan Heart” was on July 3, 1952. The machine was used as
the left heart bypass (cannulation of the left subclavian
artery and the left superior pulmonary vein, after which
the cannula was moved in the left atrium) in a 41-year-
old patient with mitral stenosis. Initially, it was planned
to perform the operation of the mitral valve under the
direct vision; however, Dodrill failed to execute the op-
eration due to excessive bleeding, and performed closed
commissurotomy with finger. The patient survived after a
50-minute-long left heart bypass [31]. Dodrill performed
the first operation of the pulmonary valve under the di-
rect vision on October 21, 1952. It is considered the first
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successful operation of valves with the application of ex-
tracorporeal circulation. The operation was performed
on 16-year-old Charles Moses, with the diagnosis of con-
genital pulmonary stenosis. The operation was carried out
using the right heart bypass (cannulation sites were the
right atria and the pulmonary artery) with the “Michigan
Heart” machine, with blood flow rate of 5.4 L/min., and by
total clamping of the pulmonary artery. They performed
valvuloplasty of pulmonary valve, and the clamp was taken
off after 25 minutes. The patient was discharged after one
month [32]. After the successful use of different types of
oxygenators by Gibbon and Kirklin, Dodrill changed his
mind about the uselessness of the oxygenator. In 1955, he
developed a machine with an integrated oxygenator, and
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MpoHanasak KapauonyamoHanHor 6ajnaca — MCTOPUjCKK Npernes,

Cramenko Lywak'?, AnekcaHgap Peyek'?, MuneHko Pocuh?, Jlasap Benuukn'? borga Okusbesuh?

'YHuep3utet y HoBom Cagy, MeanunHcku dakyntet, Hosu Cag, Cpbuja;
2/HCTUTYT 3a KapAroBacKynapHe 6onectn BojsoguHe, KnuHuka 3a KapgrosackynapHy xupyprujy, Cpemcka Kamenuua, Cpbuja

KPATAK CAZIPXA)J

Wneja o nsonosaHoj nepdysmju opraHa, Koja je npeteya Kap-
JuonynmoHanHor 6ajnaca, gonasu og Jleranoe 1812. rognHe.
lMpBa n3onoBaHa nepdysuja opraHa je onmcaHa of cTpaHe Jle-
6ena 1849. rognHe. MpBy 3aTBOPEH CUCTEM 3@ OKCUreHaLMjy
1 Bpahatbe KpBY KPO3 apTepuje je KOHCTPYMCaH of CTpaHe
Opeja n pybepa 1885. rogmHe. MboH mnahu ce cmaTpa oLem
eKCTpakopnopanHe upkynauuje. OH je moyeo fa KoHCTpyuLLe
MaLLMHY 33 eKCTpaKopropanHy LpKynauujy Ha nponehe 1934.
roguHe. MpBu onnc oBor cuctema gaje 1937. roguHe, a 1947.
rogviHe ao6uja NoApLUIKy 3a pa3Boj MalimHe of International
Business Machines Corporation. Onu pa3sujajy Mopgen | 1949.
Mogen I1 1951. roguHe. lMocne HEKONMKO HeyCneLwHMX NOoKyLUaja

MpumrbeH « Received: 17/11/2015

PeBu3uja « Revision: 03/10/2016

1952. roguHe, 6. Maja 1953. roguHe je npBuM NyT ycnena onepa-
Lyuja Ha cpuy (3aTBapatrbe aTpujanHor centanHor gedexra) y3
nomoh KapgnonynmoHanHor 6ajnaca. logrHe 1945. KnupknuH
1 HeroBa pafHa rpyna ny6naukyjy npBy cepujy of ocam yc-
MNeLHo TPeTpaHMX NnayujeHaTa y3 nomoh ekcTpakopnopan-
He uMpKynaumje. loapwn je n3Beo NpBYy yCMNeLHy onepauujy
3a/McTaKa Nog KOHTPooM oka 1952. roguHe, Kopuwhermem
MawuHe Michigan heart kao 6ajnaca gecHor cpua. Y3 nomoh
MaLUMHe 3a eKCTPaKoPMopanHy LpKynaLumjy Kapamoxmpypsm
cy y MoryhHOCTM [ia peLlaBajy KOMMIeKCHe cpuaHe 6onectu n
[a cracy MUIMOHE X1BOTa.

KmbyuHe peuun: npoHanasak; nctopuja; KapanmonyaMoHanHm
6ajnac; ekcTpakoprnopanHa LumpKynawumja; lmooH
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Postponed diagnosis of alpha-1 antitrypsin
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Dear Editor,

Alpha-1 antitrypsin (A1AT) is a part of serine
protease inhibitor family of proteins encoded by
the SERPINA1 gene. A1AT function is inactiva-
tion of neutrophil-derived proteases, predomi-
nantly neutrophil elastase through destroying
its structural integrity [1]. Alpha-1 antitrypsin
deficiency (AATD) may lead to emphysema,
liver disease, C-ANCA vasculitis, and pannic-
ulitis. Manifestation of the disease varies from
asymptomatic to severe lung or liver disease.
The patient is a 65-year-old male with a ma-
jor complaint of dyspnea, cough, and haemop-
tysis, who was for the first time hospitalized in
our clinic. His dyspnea had been persistent and
worsening in nature since he was diagnosed
with chronic obstructive pulmonary disease
(COPD) at age 50. Treatment with salmeterol/
fluticasone 250/50 mcg 2 puffs twice a day via
a hydrofluoroalkane inhaler did not provide
benefit, and he required the use of salbutamol
as a rescue inhaler multiple times per week. He
had a 10 pack-year history of cigarette-smok-
ing, but stopped five years ago. Evaluation of
other systems was unremarkable. There was
no prior family history of lung or liver disease.
Medications at presentation included claritro-
micine 500 mg, two times per day, salmeterol/
fluticasone 250/50 mcg 2 puffs twice a day,
salbutamol as needed. Physical examination
revealed bilateral wheezing, while the rest of
the physical examination was unremarkable.
He previously had numerous blood tests per-
formed, including complete blood count, hepa-
titis serologies, HIV screening, TSH, Free T4,
immunological tests (ANA, ANCA, ASMA,
ANA HEp2, and AMA), which were all within
normal limits. His ALT and AST levels at ex-
amination were slightly elevated for the first
time in his medical history. Pulmonary func-
tion testing revealed an FEV1 (volume that has
been exhaled at the end of the first second of
the forced expiration) of 2.01 L (60% of pre-
dicted) with an FEV1/FVC ratio of 72%. He
failed to demonstrate significant reversibility

with salbutamol treatment (post-bronchodila-
tor increase in FEV1 of 8%). He was found to
have a reduced diffusing capacity of the lungs
of 17.73 ml/min./mmHg (62% of predicted),
and evidence of air trapping with a residual
volume of 3.26 L (127% of predicted). The lat-
ter may have led to an artifactually low forced
vital capacity (FVC) resulting in an FEV1/
FVC ratio that was only mildly decreased. His
pulmonary function tests over the past five
years were also reviewed, and showed a 20.6%
decrease in FEV1 over that time period, de-
spite treatment with inhaled corticosteroids
and long-acting bronchodilators. Abdominal
ultrasound revealed inhomogeneous liver
with otherwise unremarkable organs. Given
the poor response to treatment and the early
onset of COPD with a minimal smoking his-
tory, the diagnosis of A1ATD was considered.
Serum testing for A1AT revealed a low level of
30 mg/dL (normal range is 100-190 mg/dL). A
genotype analysis, performed at a commercial
laboratory, was reported as ZZ genotype.
A1ATD is relatively common autosomaly
recessive genetic disorder, caused by mutations
of SERPINALI gene. M alleles are normal, and
have six subtypes: M1-M6. M1 is the most
frequent subtype and is present in 95% of the
population. Alleles with most severe clinical
manifestations are Z alleles [1]. Diagnosing
A1ATD can be demanding due to low recog-
nition of the disease, genetic heterogeneity, and
complexity of diagnosis. Its association with
asthma or COPD is common, but even then
the diagnosis is usually established late [2]. The
American Thoracic Society (ATS) and the Eu-
ropean Respiratory Society (ERS) recommend
screening of AIATD to all symptomatic adults
with COPD or asthma with an airflow obstruc-
tion that is not fully reversible after a bron-
chodilatators treatment. Also, children with a
bleeding disorder or prolonged neonatal jaun-
dice should be screened for A1IATD, as well as
patients with cryptogenic liver cirrhosis [3]. At
present, treatment of A1ATD is very limited.
Only in the terminal stage of the lung or liver
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disease transplantation is a solution. Like with emphy-
sema, patients with AIATD can improve their symptoms
with prolonged bronchodilators and corticosteroids. Once
diagnosed, the prognosis of these patients is variable. It has
been showed that FEV1 is the most important predictor
of survival in patients with emphysema [4, 5, 6]. Patients
without prior history of smoking, who had been diagnosed
in family screening, have expected prognosis the same as
healthy individuals [5].
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OJ1 YPEAHULUTBA / FROM THE EDITORIAL OFFICE

ERRATUM

Streptococcus pneumoniae serotype distribution in Vojvodina before
the introduction of pneumococcal conjugate vaccines into the National
Immunization Program: Erratum

In the article that appeared on pages 521-526 of the September—October 2016 issue of the Ser-
bian Archives of Medicine (Srpski arhiv za celokupno lekarstvo), an incorrect figure — an MRI
scan unrelated to the article in question — was published on page 523 instead of Graph 1. The
publisher regrets this error. Below is the correct graph, as it should have appeared in the original
publication of the article.

REFERENCE

Petrovi¢ V, Seguljev Z, Risti¢ M, Djeki¢-Malbasa J, Radosavljevi¢ B, Medi¢ D, Mihajlovi¢-Ukropina M, Hadnadjev M, Gaji¢
|, Opavski N. Streptococcus pneumoniae serotype distribution in Vojvodina before the introduction of pneumococcal
conjugate vaccines into the National Immunization Program. Srp Arh Celok Lek. 2016 Sep-Oct; 144(9-10):521-526. (doi:
10.2298/SARH1610521P)

Aunctpubyumja cepotmunosa Streptococcus pneumoniae y BojsoauHn y
nepuoay npe yBohera KOHjyroBaHe BakuuHe y HaumoHanHu nporpam
UmyHusauumje: Erratum

Y 4naHKy Koju je o6jaB/beH Ha cTpaHaMa 521-526 y cenreMb6apcKo-0KT06apcKoj CBeCI 13
2016. rogyHe yacomuca ,, CpIICKY apXUB 3a LeJIOKYIIHO JIeKapCTBO“ TPELIKOM je Ha CTpaHu 523
yMmecro Ipadukona 1 06jaB/beH CHUMaK MarHeTHOM Pe30HAHIIOM KOji Hje Y Be3U ca HaBefleH!M
YrIaHKOM. V3aBad MCKpeHO >kanu 360T 0OBOT HeHaMepHOT mpomycta. OBOM NPUINKOM
IIpuKasyjeMo rpadukoH Koji je Tpebao fa Oyae 06jaB/beH y OpUTMHAIHO] Ty OIMKaLMj) YWIaHKa.

PEOEPEHLIA

Petrovi¢ V, Seguljev Z, Risti¢ M, Djeki¢-Malbasa J, Radosavljevi¢ B, Medi¢ D, Mihajlovi¢-Ukropina M, Hadnadjev M, Gaji¢
|, Opavski N. Streptococcus pneumoniae serotype distribution in Vojvodina before the introduction of pneumococcal
conjugate vaccines into the National Immunization Program. Srp Arh Celok Lek. 2016 Sep-Oct; 144(9-10):521-526. (doi:
10.2298/SARH1610521P)
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OJ1 YPEAHULLUTBA - FROM THE EDITORIAL OFFICE

Cnucak peueH3eHaTa Koju Cy peueH3uje pagosa
AaoctaBunm kpajem 2015. ny 2016. roguun
(3aKk/wyuHo ca 21. peuembpom 2016)

IMomroBaHM perieH3eHTH, WIaHOBNU YpelhnBaukor of6opa, TeKTOpY ¥ capagHULIN,

3axBaj/byjeM BaM Ha aHTa)XOBalby y peanusanyju 144. BolmyMeHa U puaora 06jaB/beHUX y
»CPIICKOM apXMBY 3a II€/IOKYITHO JIeKapCcTBO . 3Ha4ajHO CMO HaIpeloBau y yBohemwy cTaHzap-
na 3a MeynapopHe yaconmce. KBamureT perjeHsuja 1 ykynHa o6pajia paja fo my6nmkoBama ¢y
no6osplraHy U yop3anin. JJoCTUIIN CMO HMBO Ja Y MICTOj TOAMHM Kajia je IIpefaT YPeIHUIITBY
npuxsahenn paj 6yze v 06jaB/beH, IITO 1O cafia, CeM M3Y3eTHO, Huje 610 crydaj. OdeKkyjeMo na
he npeypebemeM 1 ycaBpIraBameM cajTa Jaconuca KOMyHMKaIja ¢ YpeTHUIITBOM OMTH jOIII
BUIIIe OTIaKIIaHa 1 yop3aHa. Bepyjem ma he mabe anraxkoBame Ypehnsaukor ofdopa, eHTysmjacTa
Y CTPYYHOM I HAyYHOM pajly, JONPMHETH IOAM3alby KBa/UTETa M CTaTyCa JacOICa Y OKBUPY
momahe 1 MehyHapopHe MeUILIMHCKe TyOMUIIMCTIKe, Y3 KeJby a HaM HacTymnajyha 2017. roguue
TOHeCe joII BMIIE yCIexa.

1. Anemmmjesnh Hopbe 38.  Byukosuh Yeno

2. ArxuncoH Xenpu [lyman Ensapp 39. Iura Bojucnas
(Atkinson, Henry Dushan Edward) 40.  Dnyummh bpanucnas

3 Ahumosnh Crno6ogan 41. Tony6osuh Emunuja

4 ba6buh Pape 42. TIpra DHypuua

5.  bamruapesnh 3opan 43.  Ipyjuunh Jannna

6.  benecnun bpanxo 44.  JaBuposuh Jlazap

7 Bemnh-’Knuskosuh Teogopa 45.  JJamjanosuh Cperosap

8 bjenosrh Munom 46. Jaumh Jparuua

9 Boxxuh Munena 47.  Je Jlyka Cunsuo (de Luka, Silvio)

10. Bomkosuh Kcennja 48. Jlexnesa Munmnia

11.  bppap Pagusoj 49. Jenuh [Iparan

12. Bpebepuna Mutan 50. dumutpujesuh JoBan

13.  Bpkuh 3nata 51. Ho6puh Mwunan

14. Bpxosuh boxupmap 52. [lpauva Iletap

15. Bpmbonuh bpanko 53. Hyunh Cyunia

16. Bymb6amupesuh Mapko 54. 'Hopbesuh boban

17.  Bacwmpesuh 3opana 55.  'Hopbesuh Bupocasa

18.  Bejuosuh Tuxommp 56. 'Hopbesuh-lluxuh Ana

19. Bemummposuh Jyman 57. 'Hyxanosuh /by6una

20. Bemucasmpes-®umunosuh foppana 58. 'Hyxmh Anexcanpap

21. Benuuxosuh 3opan 59. 'Hyposuh Anexcanpap

22. BepkoBuh Chexxana 60. 'Hyposuh Mapuna

23.  Bepa Jepanr-Ilatuh 61. JKuskosuh 3opuiia

24. Becenuuosnuh [Iparan 62. JKuskosuh CrnaBomy6

25. BupaxoBuh CuHexaHa 63. JKyuuh Iopnana

26. Buhentnh Cperen 64. 3narkoBuh-IlIBenna Mupjana

27. Bojsopuh Huxona 65. Vrmwarosuh Mue

28. BojunoBuh Jenena 66. Mnujescku Henap,

29. Bpo6uh Cserncnas 67. Vinuh [Iparan

30. Byjuh Jparana 68. JaxospeBuh bpanko

31. Byjuuuh Vcunopa 69. Jaxumh Becna

32.  Byjoruh Jbumpana 70. JankoBuh Bopxo

33. Bykosuh [lejana 71. Jankosuh Iopan

34. Bykomanosuh Brapucnas 72. Jaukosuh Jbupana

35. Byuernh Yemomup 73. Jankosuh Cpba

36.  Byumuuh IIpegpar 74.  Janowesuh /bumana

37. Byumnuh CnaBuna 75.  Janowmesuh Mupjana
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Jenuh CBetncnas
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JoBanosuh-Cumuh Jenena
JoBnh He6ojma
JoBuh-Cromuh Jacmunua
Kanesnh HeBena

Kamenos bopucnas

Kamyx JKemko
Kapamapkosuh Anexcanpap
Kaumxosuh-J/leunh Csernana
Kucuh-TenaBuesuh Japuja
KoBaues-3aBummnh Bpanka
KoBauesuh [paran
Koucrantunosuh Buromup
Koncrantunosuh /by6uia
Kontuh-Byunnuh Onusepa
Koctuh Ioppana

Koctuh Mupjana

Kocruh Tomncnas
Kpasspanar; Hophe
Kpusoxanuh 3opan
Kpcruh 3opan

KpcroBckn Hapa

Kpmmak Enena

Jlasuh Bojkan

JTazoBuh Munuia
JlatkoBuh 3opan

JlexoBuh 3opan

Jlenocasuh Jby6uia
Jleunh-Tomescku dymmia
Jleunh Anexcanpmap
Makcumosuh Hararra
Maxkcuh Hoko

ManukoBuh Anexcanjap
Manpapuh [Jparan
Manojnosuh He6ojura
Mapuh-bojosuh Haha
Mapkosuh Bemmup
Mapxkosuh [lejan

MarnyT BHypo

Muxknh [Iparan

Muxos Momup

Muxosuh XKepko
Munams Jemena
Munamunosuh Topan
MunenkoBuh bpanncnasa
Munenkosuh Cperycias
Munernh VBana
Muwunuh-Jlemnh Anexcauppa
Munormresuh 3opan
Mupxosuh Japko
Mupxosuh Jbupana
Mupkosuh Cunnira
Muposuh Bemko
MutkoBuh Munopan
Murposuh Papusoje
Muxajnosuh-Ykponnua Mupa
Muues Mapjan
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Cnucak peueH3eHata 3a 2016. rognHy

Mnagnenosuh Mapuja
Mycuh Jbuma
Henemkosuh ViBana
Henapnuh Tane

Hukonuh XXusopapn
Huxomuh Ilpenpar
Huxonuh Tatjana
Hosaxosuh Mapujan
O6panosuh Kocoska
O6paposnh Cnobopman
[TaBmoBrh Munan
[MaBmoBrh Munopap
[MaBnosuh Cruniia
[Tam6px ViBan

[Tami6px Tomucrnas
[Tapesanosuh Bojucnas
ITaynoBuh VBan
ITejuoBnh Hapa

ITejunh Tatjana
ITexmesoBuh Tatjana
Ienemum Mujomup
ITepuh Momunno
IletakoB Munan
[Terposuh Jby6omup
ITerposuh-Obano Ioprana
(Petrovi¢-Oggiano, Gordana)
[Mewnth Cpban

ITnaser Topan
[Tnemmuan-Kapananyuh Becna
ITonosuua CHexxaHa
Pabpenosnh Buonera
Pagnosuh Hegemko
PapoBanosuh 3opan
Panosanosuh Heb6ojia
Pamosuh Munan
PapojkoBuh Munuia
Panuesnh Panko

Pakuh CHexana
Panhenosuh Tomucnas
Pe6uh ITpeppar

Pecan Mupko

Puctnh Apcen
Puctuh-Menuh [Tanujena
Casuh Hophe

Casuh Cnobopman

Caruh Jlparan

Cajuh Cunsuja
Camapyuh Mupa
Cemuun Mapuja

Cumnh [Iparan
Cnpemosnh-Pahenosuh Csernana
Cpazuh bupana
Crajeuh-ITonosuh Mua
Cramenkosuh [Iparocnas
Crankosuh He6ojura
Cranojesuh Maja
Cranojnosuh CpeTnaHa
Cresanosuh IIpenpar
Cremanosuh Jenena
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193. Credanosa Enka

194. Credanosuh bpanncnas
195. Crojanosuh Becna

196. CrojanoBuh Mupocnas
197. Crojanosuh Pokcanaa
198. Crojuh Cuuyura

199. Crojkosuh Muoppar
200. Crojkosuh Crunira
201. Croxwuh Egnra

202. Cronuh Papojuna

203. Crowmosuh Munan

204. Cy6otuh [Iparan

205. Tapabap quuo

206. Taruh Ceerucnas

207. Tewmwuh [dparan

208. Tumornujesuh-Mapkosuh ViBana
209. Tuxauex-Illojuh Jbumana
210. Topoposuh /by6omup
211. Tomwmh Anmexcanpap

212. Tommh Ceprej

213. Tp6ojesuh boxo

214.
215.
216.
217.
218.
219.
220.
221.
222.
223.
224.
225.
226.
227.
228.
229.
230.
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Tpuuxosuh-Jamuh Onusepa
Ryx Bnagummp

Yrmwemnh MuneHnko
Xajmykosuh 3opan
ITapeBuh Momup
[IserkoBuh Jobpocas
IIBujanosuh PafoBan
Lleposuh Cuexxana

Yaknh Carra

Yekanan PagoBan

Uunapa VMnujac
Yosuukosnh-lrepurh Hagexpa
Yomnosuh Hararra

Yonosuh Papoje

IToguh Papman

HlerpT 3opan

lemnmuja Vrop

IIpocp. gp Ilasne Munenkosuh
i1asHU U 0gi08OPHU ypegHUK
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CTBO AYTOPUMA 3A NMPUNPEMY PAJA (2017)

IIpe mogHOmeEma pyKonuca YpegJHUIITBY YaCOINM-
ca ,,CpIcKky apxuB 3a IeTOKyIHO nekapcTBo (CA)
CBU ayTOpM Tpeba ga MpounTajy YIryTcTBO 3a ayTope
(Instructions for Authors), rne he nponahu cBe norpe6-
He MHGOpMaIVje 0 MICAY Y IPUIIPEMU Pafia y CKIaxy
ca cTaHflapanMa yaconuca. Beoma je BaykHo Ja ayTo-
pu npunpeme paj npemMa JaTUM NPONO3UIjaMa, jep
YKOIMKO PpyKOIIC He Oyfie ycKnal)eH ¢ 0BUM 3aXTeBUMa,
Ypeguumrso he ogmoxxuty uin og6uUTH HEroBo myo6-
JTMKOBame.

PapmoBu o6jaBbenn y CA ce He XoHOpapuury. 3a WIaHKe
koju he ce o6jaButu y CA, camom nonynom paga Cpu-
CKOM apXMBY CBM ayTOPU pajia IpeHoce CBoja ayTop-
CKa IpaBa Ha M3JgaBaya yacomuca — CpIcKo TeKapcko
APYLITBO.

OIIIITA YIIYTCTBA. CA o6jaBibyje pajjoBe Koju 10
cajia HUCY HUTTIe 00jaB/beHM, Y IIeOCTH VTN IeTIOM, HUTH
npuxBahenu 3a o6jaBpuBame. CA o6jaBbyje pagoBe Ha
EHITIECKOM ¥ CPIICKOM je3uKy. 360r 60/be JOCTYITHOCTH
u Behe IMTHpPaHOCTN TIpenopydyje ce ayTopyuMa fa pa-
ToBe CBMX 06/MKa IIpefiajy Ha eHImeckoM jesnky. Y CA
ce 06jaBipyjy cnenehe kaTeropuje pajoBa: yBOJHUIY,
opuUrVMHaMHM (HayYHM U CTPYYHU) PamoBM, MeTaaHa/IN-
3e, IIperyIe[iHM PafioBy, IPETXO0/{HA 1 KPaTKa CAOoIIITemha,
npuKasy 60NeCHNMKA U CyYajeBa, CIMKe U3 KIMHIIKE
MefIMIIHe, BUJIe0-YIaHIIM, PAJlOBY 32 IIPAKCY, aKTye/lHe
TeMe, PaJioBY 13 MICTOpHje MeJMIIHE 1 je3VIKa MefIULIVHE,
JIMYHU CTAaBOBY, HAPYYEHU KOMEHTAPH, IMCMA YPELHNKY,

IIpPMKAa3Y KBUTa 1 Apyry npuao3n. OpUrMHATHU PaoBU,
IIPeTXOHA U KPATKa CAOMINTeha U MPUKa3Y O0ecHUKa
U c/IyvajeBa NYOIUKY]Y Ce MCK/bYYMBO HA €HITIECKOM je-
3MKY, @ OCTaJIe BPCTe pajjoBa ce MOTrY NYOIUKOBATU 1 Ha
CPIICKOM je3UKy caMo IO oy YpenHumrTaa. Pagosu ce

YBEK ﬂOCTaBTbaiy Ca CAKETKOM Ha €HITIECKOM VI CPIICKOM
je3mK CKJIOITY CaMOT Kommuca). TekcT pajga Kynatmy

mporpaMy 3a obpany texcra Word, pontom Times New
Roman v BemaunoM cnosa 12 tagaka (12 pt). Ce uetnpu
MapriuHe IOAeCUTN Ha 25 mm, BeNNINHY CTPaHMIle Ha
¢dopmar A4, a TeKCT KyLJaTu C IBOCTPYKUM IIPOPENIOM,
JIeBUM TOpaBHAabEM U YBIadermheM CBAaKoOT racyca 3a 10
mm, 6e3 nepemwa peun (xudenanuje). He xopuctnru Ta-
OynaTope ¥ y3acToIlHe IIpasHe KapakTepe (CIejcoBe) pamu
HopaBHama TeKCTa, Beh anaTke 3a KOHTPO/Y ITOpaBHaHa
Ha newypy u Toolbars. 3a mpenasak Ha HOBY CTPaHy J0-
KyMeHTa He KOPUCTUTHU HU3 ,,eHTepa’, Beh uckby4unso
onuyjy Page Break. Ilocne cBakor 3HaKa MHTepIYHKIIMje
CTAaBUTM CaMo jeflaH ITpas3aH KapakTep. AKO ce y TeKCTy
KOpMCTe CIelyjanHy 3Hau (cumM6omn), Kopuctuty GoHT

Symbol. [logauu o xopuirheHoj IUTePaTypy y TEKCTY 03-
HayaBajy ce aparnckuM 6pojeBuMa y YITIACTUM 3arpaja-

Ma — HOp. [1, 2], ¥ TO pefoCNIeNOM KOjUM Ce II0jaB/byjy y
TekcTy. CTpaHuIle HyMEepPUCATy PeOM Y JObEM IECHOM

YI1y, IO4Y€B O[] HAC/IOBHE CTPaHE.

ITpu nmcamy TeKCTa Ha eHITIECKOM je3MKy Tpeba ce Impu-
Ip>KaBaTy je3anyKor cTangappa American English v xopuc-
TUTHU KPaTKe U jacHe pedeHnmIie. 3a Ha3MBe IeKOBa KOpyC-

TUTY UCK/BYIMBO TeHepryKa MMeHa. Ypebaju (amapartu) ce
03Ha4YaBajy (GabpMIKNM Ha3UBMMA, a IMe ¥ MECTO IIPOU3-
Bohaua Tpeba HaBecTN y 061MM 3arpagama. YKOIUKO ce
y TEKCTY KOPMCTe O3HaKe Koje CY CIIOj coBa u 6pojesa,
IpeLM3HO HamucaTy 6poj Koji ce jaB/ba y CYNepCKpUIITY
wm cynckpunty (anp. *Tc, IL-6, O,, b, ,, CD8). Ykomxo
ce HellITO yoOuyajeHo nuie KypsusoM (italic), Tako ce u
HaBopy, HIIp. rern (BRCAI).

YKonuKo je paj eo MarucTapcke Tese, OGHOCHO JOKTOPC-
Ke jucepranuje, Win je ypabeH y OKBUpy Hay4qHOT IIpoje-
KTa, To Tpeba moce6Ho HasHaunTy y HamoMenu Ha kpajy
Tekcra. Takobe, ykonmko je pajg MpeTXOQHO CaoIIITeH
Ha HEKOM CTPYYHOM CacTaHKY, HABECTY 3BaHNYaH Ha3/B
CKYTIa, MECTO U BpeMe Ofp>KaBaiba, f1a JIM je paj; ¥ Kako
NyO/MMKOBaH (HIpP. MCTY WY IPYTauyjy HAC/IOB VI Ca-
JKeTaK).

KIMHNYKA VICTPAKVBAIbA. Knuandka uctpa-
KUBama ce JeUHNITY Kao MCTpaXMBamba YTHUIAja jef-
HOT VTV BUIIEe CPEICTaBa VI Mepa Ha VICXOJ] 3IpaBba.
Perncrapcku 6poj MCTpakuBarmba ce HaBOIM Y TTOCTIEbeM
pemy caxeTka.

ETNYKA CATITTACHOCT. Pykonucu o NCTpaXXBambu-
Ma Ha JbyIuMa Tpeba fla cafpske U3jaBy y BUJY MUCAHOT
IPYCTaHKa UCIUTVBAHUX 0€06a y CKTafy ¢ Xe/ICHHIIKOM
TeK/mapalujoM 1 ofobpermbe HaJIeXKHOT eTIIKOT off6opa
7la ce MICTPaXMBarbe MOXKe MI3BECTH U Ja je OHO Y CK/Iafy
C IpaBHMM CTaHfapAuMa. ExcriepuMenTania McTpasku-
Barba Ha XyMaHOM MaTepujaly U MCIUTUBaba BpIIeHa Ha
KUBOTHIbaMa Tpeba Jia cajipKe U3jaBy eTUUYKOT off6opa
ycTaHOBe U Tpeba Jla Cy y Car/TaCHOCTH C IPaBHUM CTaH-
TapauMa.

MN3JABA O CYKOBY MHTEPECA. Y3 pykomuc ce pu-

JaXKe MOTNMCAHA U3jaBa Y OKBUPY obpacua Submission
Letter xojoM ce ayTOpu U3jalmaBajy o cBakoM Moryhem

CYKoOy MHTepeca UM HeroBOM OICYCTBY. 3a JOfjaTHe
nHQpOpMaIMje 0 Pa3NMINTUM BpcTaMa cykoba MHTepe-

ca IIOCeTUTHU MHTepHeT-CTpanuiy CBeTCKOT yApYKemba
ypenHuKa MeguuHCKuX yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) nop Ha-
3uBOM ,,IlonmuTuka usjase o cykoby uHTepeca®

AYTOPCTBO. Cse ocobe koje cy HaBefleHe Kao ayTOpU
pana Tpeba fia ce kBanmudukyjy 3a ayropctso. CBaku ay-
TOp Tpeba [1a je yIecTBOBAO JOBOJBLHO Y Pafly Ha PYKOIICY
KaKo 61 MOTao Jia IIpey3Me OATOBOPHOCT 3a IIe/IOKyTIaH
TEKCT U pe3y/TaTe USHECEHe Y pajly. AYTOPCTBO Ce 3aCHU-
Ba CaMO Ha: 6MTHOM JONIPMHOCY KOHIIEIIIM)H paja, Ko-
Oujarmy pesynTaTa WIN aHANIM3U U TyMadewy pe3ynTaTa;
IJIaHMParby PYKOIIVCA U/ FeT0BOj KPUTUYKOj PEBUSU)U
Ol 3HATHOT MHTEIEKTya/THOT 3Ha4aja; 3aBPLUIHOM JOTEpPH-
Balby Bepsyje PyKOINca KOjy ce IPUIIpeMa 3a HITaMIlarbe.

Ay TOpK Tpe6a [a IIPIMJIOXKE OIVIC JOIIPMHOCA HO.CEI/IHa‘{HO

3a CBAKOI' KOAyTOpa Yy OKBUDPY 06pacga Submission Letter.
(DI/IHaHCI/IpaH)e, CaKyIl/baib€ IIO0JaTaKa V1N reHepaaHo
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HaJIIefambe MCTPaKMBadKe IPyTIe CaMy 110 ce61 He MOTY
oIpaBfiaTy ayTopcTBO. CBM APYIM KOjU Cy HOIPUHEIN
u3pajgu pajia, a Koju HUCY ayTOpM PYKOMuca, Tpebamio
6u ma 6yny HaBeleHM y 3aXBaTHUIIM C OIIMCOM EIXOBOT
IOTIPMHOCA Pafly, HAPABHO, Y3 MMCAHN IPUCTaHAK.

HACJIOBHA CTPAHA. Ha nnpBoj cTpaHniy pykomnuca
Tpeba HaBecTu crnefehe: HacnoB paa 6e3 ckpahennua;
HpefyIor KPaTKOT HACTIOBA Pajia, IIyHa MIMeHa U IIpe3uMeHa
ayTopa (6e3 TUTYyNIa) MHAEKCHpaHa OpojeBIMa; 3BaHNYAH
Ha3UB YCTaHOBA Y KOjIMa ayTOPHU pajie, MeCTO ¥ JP>KaBy
(pepocenoM Koju OfroBapa MHAEKCUPaHUM 6pojeBrMa
ayTopa); Ha JHY CTpaHMNIle HaBeCTU UMe U IIpes3NMe, aji-
pecy 3a KOHTaKT, 6poj Tenedona, pakca u umejn agpecy
ayTopa 3a/jy>KeHOT 38 KOPEeCIIOHACHIII)Y.

CAJKETAK. V3 opuruHamum pafi, IpeTXOJHO ¥ KPaTKoO
CaoNIITe e, MeTaaHaN3Y, IpeTIe] TUTepaType, Npu-
Ka3 cay4daja (6omecHuKa), paj U3 UCTOpUje MeJUILIVHE,
aKTYelHy TeMy, paji 3a pyOpUKY je3nk MefUIIVHe U paj
3a IIpaKcy, Ha IPYTOj 110 pefy CTPaHUIM JOKYMEeHTa Tpe-
6a IPUIOXUTY caXkeTak pafia o6uma 100-250 peun. 3a
OpUTVHAJIHE PaJIOBe, IPETXOIHO U KPATKO CAOIIITEHhe,
MeTaaHa/M3e 1 mperiefiHe paioBe, cCaXkeTakK Tpeba 1a uma
cnenehy crpykrypy: Yeon/ITum paga, Metone pana, Pe-

3ynTary, 3aK/by4aK; CBaKM Off HaBEJEHNX CerMeHaTa -
caTy Kao IocebaH Imacyc Koju ounise 60/1[0BaHOM pedlL.
HaBecTu HajBaxHmje pesynrare (HyMepydKe BPETHOCTH)
CTaTUCTUYKE aHa/IN3e U HUBO 3HAYajHOCTI. 3aK/by4aK He
cMe 61Ty yomiuTeH, Beh Mopa OuTH fUpPeKTHO [TOBe3aH ca
pesynraruma paja. 3a mpukase 60IeCHIMKA CaXKeTaK Tpe-
6a 1a mma cnenehe fenose: Yon (y mocienoj pedeHNIm
HaBecTu 11W/b), [Tpukas 6omecHuKa, 3aK/byyak; CerMeHTe
TaKkobe mucaTu Kao noceb6aH Macyc Koju no4nmwe 601m0-
BaHOM ped4n. 3a ocTaje TUIIOBE PajjoBa CaKeTaK HeMa
oce6Hy CTPYKTYPY.

K/bYYHE PEYMN. Vicniop, CaxxeTKa HaBeCTHU Of TPU JIO
IIeCT K/byIHNUX peunt v uspasa. He Tpeba ga ce mona-
B/bajy pedr 13 HAC/IOBA, a K/by4He peun Tpeba fa 6yny
peneBaHTHe Wy onucHe. Y u360py K/bYYHUX pedu KO-
puctutu Medical Subject Headings — MeSH (http://www.
nlm.nih.gov/mesh).

IIPEBOJ HA CPIICKM JE3MK. Ha tpehoj o peny
CTpaHMLIM JOKYMeHTa IIPUIOXKUTU HACJIOB pajia Ha CpII-
CKOM je3)KY, IyHa MMeHa I IIpe3uMeHa ayTopa (6e3 TUTy-
J1a) MHAeKCpaHa OpojeBrMa, 3BaHNYaH Ha3WB YCTAaHOBA
y KojuMa ayTopu paje, MecTo 1 fpxaBy. Ha cnepehoj -
YeTBPTOj IO Pefy — CTPaHMLM JOKYMEHTA IIPUIOKUTH
caxerak (100-250 peun) ¢ KJby4HUM peunma (3-6), 1 TO
3a pafioBe y KOjuMa je o6aBe3aH ca)keTaK Ha eHITIECKOM

jesuky. [IpeBoy MojMoBa U3 cTpaHe muTeparype Tpeba 1a
6yne y myxy cprckor jesuka. CBe CTpaHe peuy UIN CVH-

TarMe 3a Koje ocToju ogrosapajyhe ume y HareM jesuxy
3aMEHUTU TUM Ha3MBOM.

YKOMMKO je paji y LelloCTY Ha CPIICKOM je3VKy (HIIp. paf
U3 UCTOpYje MefUIIVHE, je3VKa MeIUIIMHe U Ip.), HOTpeo-

HO je IIpeBecT HasyBe npuiora (Taberna, rpadyKoHa, Cu-
Ka, CXeMa) YKO/IMKO VX MMa, LIe/IOKYIIHI TEKCT Y 1bJIMa I
JIeTeHJy Ha eHIJIeCKH je3NK.

CTPYKTYPA PAJA. CBy ogHAC/IOBY Ce€ INIIY BeJN-
KMM MacHUM cnoBuMa (6onx). OpUruHanHu paj, MeTaa-

HaJIM3a, IPETXONHO U KPATKO CAOMINTehe 00aBe3HO Tpeba
Ia uMajy crenehe mognacnose: Ysop, (Lws pasa HaBeccTH

Kao IoC/Ief by nacyc Ysona), Meroge pana, Pesynraruy,
Huckycuja, 3akmbyyak, JInteparypa. [Ipernen nureparype
4yHe: YBOJ, ofiroBapajyhm nogHacnosu, 3ak/bydak, JInre-
parypa. IIpporMeHOBaHM ayTOp MeTaaHa/IN3e U TIPersie]i-
HOT pajia Mopa JIa HaBeie 6ap met ayTonmTara (Kao ayTop
VTV KOAYTOP) pajioBa IMyOMMKOBAaHMX Y YacOIMCHMA C pe-
nensujoM. KoayTopu, YKOIMKO MX MMa, MOPajy JIa HaBely
6ap jemaH ayToIUTAT pafioBa TaKohe MyOIMKOBaHMX Y Ya-

comicuMa ¢ perjeHsujom. Ilpukas caydaja unm 6onecHu-
Ka ynHe: YBox (LIwp paja HaBeCTU Kao HOCTIENBbI IacycC

YBona), IIpukas 6onecanka, [lnckycuja, JInteparypa. He
Tpeba KOPUCTUTHU MMeHa 60NeCHNKa, MHUIIMjale, HUTH
6pojeBe ucTopuja 60IECTH, HAPOUUTO Y WIYCTpaLjaMa.
ITprkasy 6omecHMKa He CMejy MMATH BUIIE Of TIeT ayTOpa.

ITpunore (Taberne, rpaduKoHe, CIMKe UTL.) TOCTABUTU Ha
Kpaj PYKOIINCA, a Y CAMOM TeJIy TeKCTa jaCHO Ha3HAYUTH
MeCTO KOje ce OTHOCK Ha aTu mpuor. Kpajwa mosuiuja
mpuora 6uhe ogpebena y Toxy npunpeme paja 3a my6-

IUKOBAE.

CKPAREHMIE. Kopuctuty camMmo Kazia je HEOIXOIHO,
U TO 32 BeOMa JIyrayKe Ha3VBe XeMUjCKX jelUEberba, Off-
HOCHO HasuBe Koji Cy Kao ckpahenuie Beh mpemosHa-
T/pYBY (CTaHZappHe ckpahenure, kao Hnp. [THK, cuna,
XWB, ATII). 3a cBaky ckpaheHury nyH repMmuH tpeba
HaBeCTV NPY IPBOM HaBoDemy y TEKCTY, ceM aKko Hiuje
cTaHAappiHa jeguHuIa mepe. He kopuctutu ckpahenuie
y HacroBy. Vs6eraBaru kopuirherme ckpahenniia y caxer-
KY, a7l aKO Cy HeOIIXOfIHe, CBaKy ckpaheHuiry o6jacHUTH
IpY IPBOM HaBoODhemY Y TEKCTY.

JEIVIMATHU BPOJEBI. V¥ TeKcTy pajia Ha €HITIECKOM
jesuky, y Tabenmama, Ha rpadMKOHMMA U IPYTYM IIPUTIO-
3MMa JeluMainHe OpojeBe MUcaTy ca TaykoM (HIp. 12.5
* 3.8), a Y TeKCTY Ha CPIICKOM je3UKy ca 3ape3oM (HIIp.

12,5 £ 3,8). Kap rox je To moryhe, 6poj 3a0Kpy>KUTH Ha

COHY NENVIMAITy.

JEOVHWIIE MEPA. [ly>xuny, BUCUHY, TeXKIHY U 3a1Ipe-
MIHY U3pa’kaBaTy y MeTPUYKUM jeAVHNIIaMa (MeTap — 1,
kunorpam (rpam) — kg (g), murap — ) Wiy BUXOBUM JIeTIO-
BuMa. Temmeparypy uspaxxaBatu y crernennma Iensujyca
(°C), xomuMHy cymncraHie y Momuma (mol), a mpurucak
KpBJ Y MIIMMeTpPUMa XUBUHOT cTyba (mm Hg). Cse
pesynTare XeMaTONONIKNX, KTMHWIKNX ¥ OMOXEeMMjCKIX
Mepera HaBOJUTHU Y MeTPUIKOM CUCTeMy npema Meby-
HapoRHOM cucTeMy jepuuuna (SI).

OBVIM PAJTOBA. LlenoxkynHy pyKonuc pafa — Koju 4iHe
HAC/IOBHA CTPaHa, CaXkeTak, TEKCT pajia, CIIMCAK JIuTepa-
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Type, CBU IPIIO3H, OFHOCHO IOTIIVICK 3@ IbVX U JIeTeH/a
(taberne, cnuke, rpadUMKOHN, CXeMe, LIPTEXM), HACTIOBHA
CTpaHa ¥ CayKeTaK Ha CPIICKOM je3UKy — MOpa U3HOCUTH 32

OPUTMHATHU PaJl, TPETXOTHO U KPATKO CAOTIIITEHE, PAJ] U3
MCTOpUje MeguIHe ¥ nperes aureparype 1o 5.000 peyn,
a.3a IprKas 60JIecHMKa, PaJl 3 IIPAKCY, eLYKATVBHY WIAHAK
U paj 3a pyOpuKky ,,Jeauk Megmimae” go 3.000 peun; pago-

BU 32 OCTajle pyOpyKe MOTy MMaTy Hajsuire 1.500 peun.
Bupeo-pagoBu Mory Tpajatu 5-7 MuHyTa 1 6UTH Y dOp-
Maty flv. Y mpBoM Kazipy ¢uaMa Mopa ce HaBeCTH: Y HaJi-
HacoBy CpIICKM apXUB 3a I[eIOKYITHO TeKapCTBO, HAC/IOB
paja, mpesuMeHa ¥ VHUIMjaIu UMeHa I CPEfEbeT CIOBa
CBUX ayTopa pajia (He GuaMa), TofyHa n3page. Y [pyroMm
Kafipy Mopa 6TV YCHUM/bEH TEKCT pajia y BULY alcTpa-
KTa fjo 350 peun. Y mocnenmeM Kafpy GpuaMa MOTy ce
HaBeCTHU MMeHa TeXHUYKOT 0cob/ba (pexuja, CHIMATesb,
CBeTIIO, TOH, poTorpaduja i ci). Y3 Busieo-pajone foc-
TaBUTHU: TOCeOHO TEKCT y BUAY anicTpakTa (o 350 peun),
jemHy ¢ororpadujy Kao mayctpanyjy npukasa, usjaBy
HOTIIMCAHY Off CBET TEXHIIKOT 0cob/ba fla ce Ofpudy ay-
TOPCKUX TIpaBa y KOPUCT ayTopa pajia.

ITPUTIO3M PAJTY cy Taberne, cnuke (dpororpaduje, up-
TeXM, cXeMe, IpadMKOHN) 1 BUEO-IIPUIO3M.

TABEJIE. CBaxka tabena Tpeba a 6yze cama 1o ceOu 1ako
pasympusa. Hacnos Tpeba oTkymatu nsHap Taberne, a
objamrmema uctoy we. Tabeme ce 03HaUaBajy apancKum
6pojeBuMa Ipema pefocieny HaBobema y Tekcry. Taberne
LIPTaTU UCK/bYYMBO y mporpamy Word, kpos menu Table—
Insert-Table, y3 neduHucame TayHor 6poja KOIOHA U pe-
moBa koju he uyiHNTH Mpexy Taberne. [lecHNM KIMKOM Ha
munry — nomohy onuuja Merge Cells u Split Cells — criaja-
TI1, offHOCHO Aenmutu henmuje. Kymatn gponrtom Times New
Roman, BennaunoM coBa 12 pt, ¢ jeAHOCTPYKUM IIpope-
oM u 6e3 yBnadema Tekcta. Kopumthene ckpahenure y
Taberm Tpeba 06jacCHUTH Y JIeTeHAY MCIIOF, Taberte.

YKONUKO je PyKOMMC Ha CPIICKOM je3VKY, TPUIOKUTU Ha-
3uBe Tabena U JereHay Ha 00a jesuka. Takobe, y jenny
Tabery, y okBUpY ucte henuje, yHeTi 1 TeKCT Ha CPIICKOM
U TEKCT Ha eHITIECKOM je3UKY (HMKaKO He MIPaBUTHU JBe
Taberte ca gBa jesukal).

CJIMKE. Cnuxe cy cBu 06muiy rpadpuukmux Ipuaora u
Kao ,,cmnke“ y CA ce o6jaBmyjy dpororpaduje, prexu,
cxeMe 1 rpadukonn. Cnyke o3HadaBajy ce apamcKuM
6pojeBuMa mpeMa peffocnenny HaBohema y texcty. [Ipu-
Majy ce MCK/bY4nBO gurnrante ¢pororpaduje (pHo-6erne

wnn y 6oju) pesonyuuje Hajmame 300 dpi u hopmaTa 3a-

nica tiff unm jpg (Mane, MyTHe U ClIMKe JIOLIET KBaUTETa
Hehe ce mpuxBaraTy 3a mrammame!). YKOIMKO ayTOpu He
HOCeMyjy IV HUCY Y MOTYhHOCTH fla loCTaBe IUTHTaTHe
¢dororpaduje, oHIa OpUrMHAIHE CIMKe Tpeba CKeHMpaTy
y pesonynuju 300 dpi M y OpUTMHAIIHO] BEeINYNHINA. YKO-
JIMKO je paji HEeOIXOHO MIYCTPOBATHU Ca BUIIE CIMKA, ¥
pany he ux 6utn o6jaB/peHO HEKOMNKO, a ocTase he 6utn
y e-Bep3uju wiaHka kao PowerPoint npeseHTanuja (cBaka
CMKa MOpa OUTH HyMepyCaHa ¥ IMaTy JIETeH]TY).

‘ doi:

Bupeo-npunosu (mrycrpanuje pajga) Mory Tpajatu 1-3
MyHyTa 1 6utn y dopmary flv. Y3 Bumeo fOCTaBUTH IO-
ce6HO CIMKY Koja 6y 611a MycTpalyja BUeo-IpyuKasa
Y e-u3famy 1 06jaB/beHa y IITaMIIaHOM U3JIambYy.

YKOMMKO je PyKOIINC Ha CPIICKOM je3UKY, IPMIOXKUTY Ha-
3UBe C/IUKa J JIETeH/Ty Ha 00a je3nKa.

Cnuke ce y CBECLIYI MOT'Y INTAMIIATH Y 60'|I/I, AN 1OOAaTHE
TPOIIKOBE IITAMIIE CHOCE Ay TOPIL.

I'PAOVIKOHM. Ipadukonu tpeba ga 6yny ypabenu u

nocrapj/beHy y nporpamy Excel, fa 6u ce Bupene nparehe
BpenHOCTH pacnopehene o henmyjama. Vicre rpadukone

npexonuparyu u'y Word-oB TOKyMeHT, IZie ce TpapVKOHN
O3HaYaBajy apalcKuM OpojeBrMa IpeMa pefociefy Ha-
Bobhema y Tekcty. CBu nofanu Ha rpaduKoHy Kylajy ce
y doury Times New Roman. Kopuirhene ckpahenuie Ha
rpaukoHy Tpeba 06jacCHUTH y JIeTeHAM UCTION rpaduKo-
Ha. Y IITaMIIaHO] BEP3MUj| YIaHKA BEpPOBaTHMjeE je fa rpa-
¢ukoH Hehe 6uTy mTamMmaH y 60ju, Te je 60/be n3berasa-
Ty Kopuithemwe 60ja y rpadKOHMMA, VY IX KOPUCTUTH
PasmIYNTOr MHTEH3NUTETA.

YKOMMKO je PyKOIINC Ha CPIICKOM je3UKY, IPUIOXKUTY Ha-
3uBe rpadUKOHa U JIeTeH/y Ha 00a jesnKa.

CXEME (LIPTEXKMN). Llprexxu u cxeMe ce JOCTaB/bajy y
jpg wim tiff bopmary. CxeMe ce MOTY I[PTAaTH 1 Y IPOTpa-
my CorelDraw unu Adobe Illustrator (mporpamu 3a pap
ca BeKTOpuMa, KpuBaMa). CBY IOfjaliy Ha CXeMM KYIIajy
ce y poutry Times New Roman, BenudnHa ciosa 10 pt.
Kopumrhene ckpahenuiie Ha cxemu Tpe6a ob6jacHUTY Y
JTIeTeH/IV VICTIOL CXeMe.

YKOMMKO je PyKOIIMC Ha CPIICKOM je3UKY, IPMIOXKUTY Ha-
3UBe CXeMa I JIeTeH/ly Ha 00a je3nKa.

3AXBAJIHUITA. HaBecTy cBe capaiHKe KOjy Cy JOIIPH-
HeJV CTBapamy pajia a He UCIYHaBajy Mepuia 3a ayTop-
CTBO, Kao0 LITO cy ocobe koje 06e36ehyjy TeXxHMUKY 10-
Moh, ToMoh y micamy pajia M pyKoBOJie Ofie/beheM Koje
06e36ebhyje omury nopgpuky. GuHaHCKjCKa U MaTepyjanHa
noMoh, y 06/I1Ky CITOH30pPCTBa, CTUIIEH/Mja, TOK/IOHA, OII-
peMe, 1ekoBa 1 Ipyro, Tpeba Takobe fja Oyne HaBeseHa.

JIMTEPATYPA. Criincak pedepeHIn je oAroBOPHOCT ay-
TOpa, a UUTUPAaHU WIAHIM Tpeba fa O6yay maKko NpUCTy-
IaYHY YuTaoLuMa yaconuca. Crora y3 cBaky pedepeHiry
o6aBe3Ho Tpeba HaBecTyt DOI 6poj YiaHKa (jeIMHCTBEHY
HIICKY KapakTepa Koja My je gonerbeHa) u PMID 6poj yko-
JIMKO je YraHaK MHReKcupaH y 6asu PubMed/MEDLINE.

Pedepenie HymepucaT pefHUM apancKuM 6pojeBrMa
IpeMa pefociefly HaBohema y TekcTy. bpoj pedepenmu
He 611 Tpebano fa Oyne Behu ox 30, ocuM y mperieny mu-
Teparype, Y KOjeM je 103BO/beHO Ja ux Oyze 1o 50, a y Me-
TaaHamsu jo 100. bpoj nuTupaHux opUrMHaIHUX PafoBa
Mopa 6uTn Hajmame 80% of yKyImHOT 6poja pedepeHny,
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OJIHOCHO 6P0j IUTYPAHNX KIBJTa, IIOI7IaB/ba Y KIbMTaMa I
IperefHNX YWIaHaka Mamy of 20%. Ykonuko ce gomahe

MoHorpadcke myOIuKanuje y WiaHIU MOTY YBPCTUTHU Y
pedepeHIie, ayTopu ¢y IY)KHU Ia UX 1utupajy. Behuna
LUUTYPAHUX HAYYHMX YIaHAKa He Ou Tpebano ga Oynme
crapuja o ner roguHa. Huje 103Bo/beHO LuTrparbe amn-
CTpakara. YKOIMKO je OMTHO KOMEHTapMUCcaTy pesyirare

KOjJ1 Cy My6IMKOBaHM CaMO Y BUJTY alICTPAKTa, HEOTIXO/JHO
je To HaBeCTM y CaMOM TeKCTy pafa. Pedepeniie uranaka
Koju cy mpuxBaheHn 3a IITaMILy, a1 jOLI HUCY 00jaBbe-
HU, Tpeba O3HAUNTH Ca in press VI IPUTOXKNTH JOKa3 O
IpUXBaTaby paja 3a 06jaBbuBambe.

Pedepeniie ce nuTnpajy npemMa BaHKkyBepckoM cTumy
(yHudopMMcaHNM 3aXTeBUMa 3a PYKOIICE KOj Ce TIpe-
Iajy OMOMeVIIIMHCKIM YacOIMCHMa), KOjU je YCIIOCTaBIO
MebhyHapogHu KOMMUTET ypeJHNKA MEIUIIMHCKIX 9aco-
mca (http://www.icmje.org), anju popmar xopucre U.S.
National Library of Medicine n 6a3e Hay4HUX 1y0IuKa-

nuja. [Ipumepe HaBohera nybnukanuja (WiaHaka, Kibyura
U Ipyrux MoHorpaduja, elleKTPOHCKOT, Heo6jaB/beHOr U
pyror 06jaB/beHor MaTepujaaa) Mory ce mpoHahy Ha uH-
TepHeT-CcTpaHuIy http.//www.nlm.nih.gov/bsd/uniform

requirements.html. TIpunukoM HaBohema nmureparype
BEOMa je BaXXHO NPy p>KaBaTll ce IOMEHYTOr CTaH/apa,
jep je To jemaH off HajOUTHMjUX PaKTOpa 3a MHEKCUPaIbe
IPUIYKOM KTacuyKaIyje HayYHIUX 4acOMca.

ITPOITPATHO ITMCMO (SUBMISSION LETTER). ¥3
pyKonyc 06aBe3HO MPUIOKUTY 06pasall KOju CY II0TI1-
CaJIM CBU ayTODPY, @ KOjU Caip>ku: 1) u3jaBy fa paj mper-
XOJIHO HUje MyOIMKOBaH U Jja HUje UICTOBPEMEHO IOTHET
3a 00jaB/pMBaIbe Y HEKOM JIPYIOM YacoIINCY, 2) U3jaBy fa
CY PYKOIIC IIPOYUTAIN ¥ OFOOPIIN CBU Ay TOPY KOjH WC-

ITybaBajy Mepiuia ayTOpCTBA, U 3) KOHTAKT IOJATKe CBUX

ayTopa a azpece, uMejn aapece, TenedoHe UTH.).

Branko o6pasall Tpe6a npeyseTy ca UHTEPHET-CTPAHNIIE
vaconuca (http://www.srpskiarhiv.rs).

Takobe je morpe6HO HOCTaBUTH KONUje CBUX HO3BOTIA
3a: perpoyKoBabe IPeTX0fHO 006jaB/beHOT MaTepujaa,
ynorpeby wiycrpanyja 1 ob6jaBbuBame nHPoOpMaja o
HO3HATHM JbYAMMA VI UMEHOBabe /by KOjI CY ZOLPH-
HeJIM M3pajiu paja.

YITAHAPVIHA U IIPETIIIATA. [Ja 61 pag 61o obja-
BIbeH Y qaconucy Cprcku apxue 3a uenokynHo 1exapcmeo,
CBM ayTOpu Mopajy 61ty wiaHoBy CpIICKOT IeKapCKOT
ppymwrsa (y ckmnagy ca wiaHoM 6. Craryra JIpymTsa) u
CBU ayTOPY U KOAYTOPU MOpajy OUTHU IPeTIVIATHUI Ha

JaCOIINC 33 TOAMHY y KOjOj ce pajj Ipefaje YpeqHUIITBY.
Ycranose (IpaBHa aMIla) He MOTY IPEKO CBOje IIPEeTI/IaTe
[1a MCITYHe 0Baj yc/oB ayTopa (Pusuykor mmma). ¥3 pyko-

muc paga Tpeba [OCTaBUTU KOMNje YITATHNUIA 3a 4/la-
HAapUHY U TIPeTIIATY, Kao 0Ka3 O yIaTaMa, YKOIMKO
u3flaBay HeMa eBUJIeHIjy O ToMe. AYTOPM 13 MHOCTPaH-
CTBa HUCY OY>KHU J1a 6yny wiaHoBy CPIICKOT JTeKapcKor
IPYIITBA, 8 MOpajy OMTHU MPETIIATHNUIY Ha JACOIINC 32
rekyhy roguny (oHOCHK ce Ha e-Bepsujy yacomuca). [lo-

maTHe nHbOpMaIMje O WIAHAPUHY M IPETIUIATH MOTY
ce fobutn Ha tenedone 011/3245-149 u 011/3346-963,
OIHOCHO uMejnoM (srparhiv@bvcom.net) v Ha MHTEpHET-
crpanuuy yacomvca (http://www.srpskiarhiv.rs).

CITAILE PYKOIIMCA. Pykonuc paga u cBU IpUIO3N
Y3 paji MOTy ce JOCTaBUTHU uMejinoM (srparhiv@bvcom.
net), eeKTPOHCKM MPEKO CUCTEMA 3a ITpUjaB/bUBambe Ha
MHTepHeT-CcTpaHuum vaconuca (http://www.srpskiarhiv.
7s), TIPEOPYIEHOM IIOLIN/BKOM V/IN JIMYHO, JOTACKOM Y
YpemHnIITBO. YKONMKO Ce paj ajbe MONITOM UM JOHOCH
Y YpemHUIITBO, PYKOIINC Ce IOCTAaB/ba OFIITAMIIaH Y TPU
mpyMepKa 11 HapesaH Ha CD (cHMM/beHU MaTepujai Tpeba
7la je NICTOBETaH OHOM Ha ITamupy).

HAIIOMEHA. Paj xoju He ncnymaBa yc1oBe OBOT yIIyT-
cTBa He Moxe 6uTy ynyheH Ha penensujy u 6uhe Bpahen
ayTopuMa fia Ta NONyHe U ucnpase. IIpugpxaBameM
YITYTCTBa 3a IPUITPeMy pajia 3HaTHO he ce ckpatuTy Bpe-
Me IIeJTIOKYITHOT IpoIieca o 06jaBrbMBama pajia y qaco-
IVICY, IITO he IMO3UTUBHO yTUIIATY Ha KBAIUTET WIaHAKa
U PEOBHOCT M3/IaXKeHha JacoIca.

3a cBe fopaTHe MHpOPMaIMje, MOTIMMO Jia ce obparture
Ha JloJIeHaBefleHe afpece 1 6poj TenedoHa.
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Before submitting their paper to the Editorial Office of
the Serbian Archives of Medicine, authors should read
the Instructions for Authors, where they will find all
the necessary information on writing their manuscript
in accordance with the journal’s standards. It is essen-
tial that authors prepare their manuscript according to
established specifications, as failure to do so will result
in paper being delayed or rejected. Serbian Archives of
Medicine provides no fee for published articles. By sub-
mitting a paper for publishing consideration, authors of
a paper accepted for publication in the Serbian Archives
of Medicine grant and assign all copyrights to the pub-
lisher - the Serbian Medical Society.

GENERAL INSTRUCTIONS. Serbian Archives of Medi-
cine publishes papers that have not been, either in their
entirety or partially, previously published, and that have
not been accepted for publication elsewhere. Serbian Ar-
chives of Medicine publishes papers in English and Serbian.
For better availability and citation, authors are encour-
aged to submit articles of all types in English. The journal
publishes the following article types: editorials, original

papers, meta-analyses, review articles, preliminary and
short communications, case reports, images in clinical
medicine, video-articles, articles for practitioners, current

topics, history of medicine articles, language of medicine
articles, opinion essays, solicited comments, letters to the

editor, book reviews and other articles. Original papers,

preliminary and short communications and case reports
are published in English only, while other article types may
be published in Serbian if the Editorial Office reaches such
decision. The papers are always submitted with Summary

in both English and Serbian, included in the manuscript
file. The text of the manuscript should be typed in MS

Word using the Times New Roman typeface, and font size
12 pt. The text should be prepared with margins set to
25 mm and onto A4 paper size, with double line spacing,
aligned left and the initial lines of all paragraphs indented
10 mm, without hyphenation. Tabs and successive blank
spaces are not to be used for text alignment; instead, ruler
alignment control tool and Toolbars are suggested. In or-
der to start a new page within the document, Page Break
option should be used instead of consecutive enters. Only
one space follows after any punctuation mark. If special
signs (symbols) are used in the text, use the Symbol font.
References cited in the text are numbered with Arabic nu-
merals within parenthesis (for example: [1, 2]), in order of
appearance in the text. Pages are numbered consecutively
in the right bottom corner, beginning from the title page.

When writing text in English, linguistic standard Ameri-
can English should be observed. Write short and clear
sentences. Generic names should be exclusively used for
the names of drugs. Devices (apparatuses, instruments)
are termed by trade names, while their name and place
of production should be indicated in the brackets. If a let-
ter-number combination is used, the number should be
precisely designated in superscript or subscript (i.e., *Tc,

IL-6, O,, B,,, CD8). If something is commonly written in
italics, such as genes (e.g. BRCA1), it should be written in
this manner in the paper as well.

If a paper is a part of a master’s or doctoral thesis, or a re-
search project, that should be designated in a separate note
at the end of the text. Also, if the article was previously
presented at any scientific meeting, the name, venue and
time of the meeting should be stated, as well as the man-
ner in which the paper had been published (e.g. changed
title or abstract).

CLINICAL TRIALS. Clinical trial is defined as any re-
search related to one or more health related interventions
in order to evaluate the effects on health outcomes. The
trial registration number should be included as the last
line of the Summary.

ETHICAL APPROVAL. Manuscripts with human medi-
cal research should contain a statement that the subjects’
written consent was obtained, according to the Declaration
of Helsinki, the study has been approved by competent
ethics committee, and conforms to the legal standards.
Experimental studies with human material and animal
studies should contain statement of the institutional eth-
ics committee and meet legal standards.

CONFLICT OF INTEREST STATEMENT. The manu-
script must be accompanied by a disclosure statement
from all authors (contained within the Submission Letter)

declaring any potential interest or stating that the authors
have no conflict of interest. For additional information

on different types of conflict of interest, please see World
Association of Medical Editors (WAME, www.wame.org)
policy statement on conflict of interest.

AUTHORSHIP. All individuals listed as authors should
be qualified for authorship. Every author should have par-
ticipated sufficiently in writing the article in order to take
responsibility for the whole article and results presented in
the text. Authorship is based only on: crucial contribution
to the article conception, obtaining of results or analysis
and interpretation of results; design of manuscript or its
critical review of significant intellectual value; final revi-
sion of the manuscript being prepared for publication.

The authors should enclose the description of contribution

to the article of every co-author individually (within the
Submission Letter). Funding, collection of data or general

supervision of the research group alone cannot justify au-
thorship. All other individuals having contributed to the
preparation of the article should be mentioned in the Ac-
knowledgment section, with description of their contribu-
tion to the paper, with their written consent.

TITLE PAGE. The first page of the manuscript (cover
sheet) should include the following: title of the paper
without any abbreviations; suggested running title; each
author’s full names and family names (no titles), indexed
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by numbers; official name, place and country of the in-
stitution in which authors work (in order corresponding
to the indexed numbers of the authors); at the bottom of
the page: name and family name, address, phone and fax
number, and e-mail address of a corresponding author.

SUMMARY. Along with the original article, preliminary
and short communication, meta-analysis, review article,
case report, article on history of medicine, current topic ar-
ticle, article for language of medicine and article for practi-
tioners, the summary not exceeding 100-250 words should
be typed on the second page of the manuscript. In original

articles, the summary should have the following structure:

Introduction/Objective, Methods, Results, Conclusion.
Each segment should be typed in a separate paragraph us-

ing boldface. The most significant results (numerical val-
ues), statistical analysis and level of significance are to be
included. The conclusion must not be generalized, it needs
to point directly to the results of the study. In case reports,

the summary should consist of the following: Introduction
(final sentence is to state the objective), Case Outline (Out-
line of Cases), Conclusion. Each segment should be typed
in a separate paragraph using boldface. In other types of
papers, the summary has no special outline.

KEYWORDS. Below the summary, 3 to 6 keywords or fra-
ses should be typed. The keywords need not repeat words
in the title and should be relevant or descriptive. Medical
Subject Headings — MeSH (http://www.nlm.nih.gov/mesh)

are to be used for selection of the keywords.

TRANSLATION INTO SERBIAN. The third page of the
manuscript should include: title of the paper in the Serbian
language; each author’s full name and family name (no
titles), indexed by numbers; official name, place and coun-
try of the institution in which authors work. On the fourth
page of the manuscript the summary (100-250 words) and
keywords (3-6) should be typed, but this refers only to
papers in which a summary and keywords are compul-

sory. The terms taken from foreign literature should be
translated into comprehensible Serbian. All foreign words
or syntagms that have a corresponding term in Serbian
should be replaced by that term.

If an article is entirely in Serbian (e.g. article on history of
medicine, article for “Language of medicine’, etc.), cap-
tions and legends of all enclosures (tables, graphs, pho-
tographs, schemes) - if any - should be translated into
English as well.

STRUCTURE OF THE MANUSCRIPT. All section head-
ings should be in capital letters using boldface. Original
articles, meta-analyses and preliminary and short com-
munications should have the following section headings:
Introduction (objective is to be stated in the final para-
graph of the Introduction), Methods, Results, Discussion,
Conclusion, References. A review article includes: Intro-
duction, corresponding section headings, Conclusion, Ref-

erences. The firstly named author of a meta-analysis or a

review article should cite at least five auto-citations (as the
author or co-author of the paper) of papers published in
peer-reviewed journals. Co-authors, if any, should cite at
least one auto-citation of papers also published in peer-re-
viewed journals. A case report should consist of: Introduc-
tion (objective is to be stated in the final paragraph of the
Introduction), Case Report, Discussion, References. No
names of patients, initials or numbers of medical records,
particularly in illustrations, should be mentioned. Case
reports cannot have more than five authors. Letters to the
editor need to refer to papers published in the Serbian Ar-
chives of Medicine within previous six months; their form
is to be comment, critique, or stating own experiences.
Publication of articles unrelated to previously published
papers will be permitted only when the journal’s Editorial
Office finds it beneficial.

All enclosures (tables, graphs, photographs, etc.) should be

placed at the end of the manuscript, while in the body of
the text a particular enclosure should only be mentioned
and its preferred place indicated. The final arrangement
(position) of the enclosures will depend on page layout.

ABBREVIATIONS. To be used only if appropriate, for
very long names of chemical compounds, or as well-known
abbreviations (standard abbreviations such as DNA, AIDS,
HIV, ATP, etc.). Full meaning of each abbreviation should
be indicated when it is first mentioned in the text unless
it is a standard unit of measure. No abbreviations are al-
lowed in the title. Abbreviations in the summary should be
avoided, but if they have to be used, each of them should
be explained when first mentioned in the text of the paper.

DECIMAL NUMBERS. In papers written in English, in-
cluding text of the manuscript and all enclosures, a decimal
point should be used in decimal numbers (e.g. 12.5 + 3.8),
while in Serbian papers a decimal comma should be used

(e.g. 12,5 + 3,8). Wherever applicable, a number should be
rounded up to one decimal place.

UNITS OF MEASURE. Length, height, weight and vol-
ume should be expressed in metric units (meter - m, ki-
logram - kg, gram - g, liter - 1) or subunits. Temperature
should be in Celsius degrees (°C), quantity of substance in
moles (mol), and blood pressure in millimeters of mercury
column (mm Hg). All results of hematological, clinical
and biochemical measurements should be expressed in
the metric system according to the International System
of Units (SI units).

LENGTH OF PAPER. The entire text of the manuscript
- title page, summary, the whole text, list of references,
all enclosures including captions and legends (tables,
photographs, graphs, schemes, sketches), title page and
summary in Serbian — must not exceed 5,000 words for

original articles, preliminary and short communications,
review articles and articles on history of medicine, and
3,000 words for case reports, articles for practitioners, edu-
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cational articles and articles for “Language of medicine”;
for any other section maximum is 1,500 words.

Video-articles are to last 5-7 minutes and need to be sub-
mitted in the flv video format. The first shot of the video
must contain the following: title of the journal in the head-
ing (Serbian Archives of Medicine), title of the work, last
names and initials of first and middle names of the paper’s
authors (not those of the creators of the video), year of
creation. The second shot must show summary of the pa-
per, up to 350 words long. The final shot of the video may
list technical staff (director, cameraman, lighting, sound,
photography, etc.). Video-articles need to be submitted
along with a separate summary (up to 350 words), a single
still/photograph as an illustration of the video, and a state-
ment signed by the technical staff renouncing copyrights
in favor of the paper’s authors.

To check the required number of words in the manuscript,
please use the menu Tools-Word Count, or File-Proper-
ties—Statistics.

ARTICLE ENCLOSURES are tables, figures (photo-
graphs, schemes, sketches, graphs) and video-enclosures.

TABLES. Each table, with its legend, should be self-ex-
planatory. The title should be typed above the table and
any explanatory information under the table. Tables should
be numbered in Arabic numerals in order of citation in the
text. Use MS Word, the menu Table—Insert-Table, inserting
the adequate number of rows and columns. By the right
click of the mouse, use the options Merge Cells and Split
Cells. Use Times New Roman, font size 12 pt, with single
line spacing and no indent to draw the tables. Abbrevia-
tions used in tables should be explained in the legend be-
low the respective table.

If the manuscript is entirely in the Serbian language, tables
and corresponding legend should be both in Serbian and
English. Also, the table cells should contain text in both
languages (do not create two separate tables with a single
language!).

FIGURES. Figures are all types of visual enclosures, and
photographs, schemes, sketches and graphs are published
as ‘figures’ in the Serbian Archives of Medicine. Figures
should be numbered in Arabic numerals in order of cita-
tion in the text. Only original digital photographs (black-

and-white or color), of minimum 300 dpi, and jpg or tiff
format, are acceptable (small, blurry and photographs
of poor quality will not be accepted for publishing!). If

authors do not possess or are not able to provide digital
photographs, then the original photos should be scanned
in 300 dpi, and saved in original size. If a paper needs to be
illustrated with a considerable number of figures, several
figures will be published within the paper, and the rest will
be available in the electronic version of the paper as a Pow-
erPoint presentation (every figure needs to be numbered
and be accompanied by legend). Video-enclosures (illus-
trations of a paper) can last 1-3 minutes and are submitted

in the flv format. Along with the video, a still/photograph
representative of the video is also needed, as it will be used
as a placeholder in the electronic version of the paper, and
as an illustration in the printed version.

If the manuscript is entirely in the Serbian language, pho-
tographs and corresponding legend should be both in
Serbian and English.

Photographs may be printed and published in color, but

possible additional expenses are to be covered by the au-
thors.

GRAPHS. Graphs should be plotted in Excel in order to
see the respective values distributed in the cells. The same
graphs should be copied and pasted to the Word document,
numbered in Arabic numerals by order of citation in the
text. The text in the graphs should be typed in Times New
Roman. Abbreviations used in graphs should be explained in
the legend below the respective graph. In the printed versions
of papers, graphs are generally published in black-and-white;
therefore, it is suggested to avoid the use of colors in graphs,
or to utilize colors of significant difference in brightness.

If the manuscript is entirely in the Serbian language,
graphs and corresponding legend should be both in Ser-
bian and English.

SCHEMES (SKETCHES). Schemes and sketches are to be
submitted in jpg or tiff format. Schemes should be drawn
in CorelDraw or Adobe Illustrator (programs for drawing
vectors, curves, etc.). The text in the schemes should be
typed in Times New Roman, font size 10 pt. Abbreviations
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