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PTICKM apXWB 32 IETOKYITHO TeKapCTBO je yacomyc CpIICKOT IeKapCKOT

JIpYyUITBa OCHOBaHOT 1872, roguHe, NpBM NyT WITaMnaH 1874. rogune,

y KojeM ce 06jaBibyjy paoBy ywaHoBa CpIICKOT JIeKapCKOT ApYIITBa,
MIPETIIATHMKA YacOTIVCa ¥ 4IAHOBA APYTUX APYIITaBa MEVIMHCKIX ¥ CPOTHIX
crpyka. O6jasbyjy ce: yBOTHMIIM, OPUTVMHATIHY PafOBH, IIPETXO/{HA U KPATKa ca-
OINIITEH:A, IIPUKa3y GO/ECHNKA U CTy4ajeBa, BULeO-WIAHIIN, CTUKe U3 KIMHIIKe
MeJVIVIHE, TIPETJIefHN PafIOBY, aKTye/lHe TeMe, PaJIOBM 3a IIPAKCY, PajloBY U3
MCTOpYje MeUIIMHE Y je3VKa MeMIIMHE, MeIUIIMHCKE eTVKE ¥ PeryIaTOpPHUX
CTaHJAp/ia Y MeAMIMHY, U3BEIITaj) ca KOHIPeca M HayYHMX CKYIIOBa, TIMYHM
CTaBOBMU, HAPYYEHM KOMEHTAPHU, MICMa YPENHUKY, IPUKA3U KIbUTA, CTPYYHE
BeCTU, In memoriam u gpyru Npuao3mu.

CBU PyKOIINCH KOji Ce pa3MaTpajy 3a IiTamiame y ,,CPIICKOM apXuBy 3a
LIe/TOKYITHO IEKapCTBO He MOTY Jia Cce IOfHeCy uin Aa 6yly pasMaTpaHu 3a
my6/mKoBarbe Ha ApyTuM MecTuMa. PayioBy He cMejy fia 6yy IpeTXOfHO ITaM-
[IaHM Ha IPYTUM MeCTUMa (IeMMIIHO M/IH Y IOTIIYHOCTH).

ITpucnenn pykormc Ypehusauku of6op 1abe pelieH3eHTIMa pajit CTPYYHe
nporieHe. YKONMMKO PelleH3eHTH IPefIoyKe M3MeHe VI JIOITyHe, KOTIija pelleH-
3uje ce JOCTaB/ba ayTOPY C MONOOM Jia YHece TpakeHe M3MeHe Y TEKCT pajia M
Jla apryMeHTOBaHO 00Pas/IOKI CBOje Hec/arame ¢ npuMen6amMa pelieHseHTa.
Konauny ofyryKy o mpyuxBaramy pajia 3a IITaMITy JOHOCHU IJTaBHU ¥ OATOBOPHM
YPETHUK.

3a o6jaB/beHe pafiose ce He ucmtahyje XoHopap, a ayTOpcKa Ipasa ce IIpe-
HOCe Ha u3fjaBaya. Pyxomucu u mpunosu ce ve Bpahajy. 3a penpopykuujy umm
MIOHOBHO 06jaB/blBatbe HEKOT CeTMeHTa pajia My6I1MKoBaHor y ,,Cprickom ap-
XVBY HEOIIXOJJHA je CAaIJIACHOCT M37laBayva.

PajioBu ce mTaMmnajy Ha €HITIECKOM j€3UKY Ca KPaTKIM Cafip>KajeM Ha eH-
I7IeCKOM 1 cprickoM jesuky (hupwmia), OTHOCHO Ha CPIICKOM je3MKY, ca KpaT-
KM CafIp)KajeM Ha CPIICKOM ¥ €HITIECKOM je3UKY.

AyTOpyM MpyUXBarajy IIOTIYHY OATOBOPHOCT 3a TAYHOCT Ie/IOKYTTHOT Cajp-
Xaja pykomnuca. Marepujan nmy6nukanyje IpefcTas/ba MAIUbEbE ayTOpa U
HIIje HY)XHO 0oipa3 Muljberba CpPIICKOT IeKapcKor ApyiTsa. C 063upom Ha
6p3 HaIpefaK MeUIMHCKe HayqHe 06/1aCTH, KOPUCHULY Tpeba [1a He3aBICHO
polemyjy nHOPMaLHUjy IIpe Hero LITO je KOPUCTE UK Ce Ha Y OC/Iambajy.
CpIIcKo TeKapCKo APYLITBO, ypeaHuK unn Ypehusauku og6op ,,Cprckor ap-
XUBa 32 L[e/IOKYITHO IEKApCTBO He IPMUXBATajy 6110 KaKBY OATOBOPHOCT 32
HaBOJie y pajioBuMa. PexmaMHy marepuja Tpeba fja 6ysie y CKIafy C e TMIKUM
(MemMLMHCKMM) ¥ TIPAaBHUM CTaHAAapAMUMa. PekTaMHU MaTepujan yK/bydeH y
0Baj 9acOMIIC He TAPAHTYje KBATUTET WM BPEJHOCT OT/IAIIEHOT TPOM3BO/A,
OJJHOCHO TBpJjHbe IPOoM3Bohaya.

ITopHeCeHM PYKOIIVC IIOPAa3yMeBa fia je HheroBo Iy0mKoBame ofo6puo
OJIrOBOPHY Ay TOPUTET YCTAaHOBE Y KOjOj je MCTpaKkuBambe 06aB/beHO. VI3maBay
ce Helie cMaTpaTH MPaBHO OJATOBOPHMM Y C/Ty4ajy HOJZHOLIEHa 611710 KaKBOT
3axTeBa 3a KoMieHsauujy. Tpeba fia ce HaBey CBM M3BOPM (UHAHCUPaKba paja.
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SUMMARY

Introduction/Objective The objective of this paper is to describe the microstructure and mechanical
properties of sintered Co-Cr alloy and to emphasize its advantages and disadvantages with respect to
the microstructure and mechanical properties of cast Co-Cr alloy.

Methods Base Co-Cr alloy, EOSint M EOS Co-Cr SP2 (EOS GmbH, Munch, Germany), was used for the
purpose of this research as the base material for sintering metal structures of metal-ceramic restorations.
Metal sintering was conducted by using EOSint M 280 device of German origin in a stream of neutral
gas - argon. After that, the alloy was heated over a period of 20 minutes at the temperature of 800°C. The
chemical composition of the alloy was determined by energy dispersive spectroscopy. Microstructure
of the tested alloy samples was examined under an optical metallographic and scanning electron
microscope. Physical and mechanical properties were measured in a universal testing machine. The
samples were prepared according to the standard ISO 527-1:1993.

Results Chemical composition of the sintered Co-Cr alloy, determined by applying energy dispersive
spectroscopy, indicated the same qualitative but different quantitative composition compared to cast
Co-Cr alloys. The microstructure of the sintered Co-Cr alloy is lamellar in nature, with two dominant
phases: €-Co and/or &-Cr (fcc - face-centered cubic) and y-Co (hcp — hexagonal close-packed). Mechanical
properties of the Co-Cr alloy obtained by applying selective laser melting technology compared to the
cast Co-Cr alloy are superior or approximately the same.

Conclusion Selective laser melting of the Co-Cr alloy is a good example of new technologies based on
digitization. Together with other digitized procedures, this technology is an introduction to a new era in
dentistry popularly called Dentistry 4.0. The advantages of the selective laser melting technology with
respect to the conventional technology of casting Co-Cr alloy metal structures are precise metal structure
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fitting and eco-friendly technology.
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INTRODUCTION

Dental alloys represent a very dynamic field of
dentistry. Changes that occur in this area, in
fact, reflect the developments of basic scientific
technologies. Mechanical and biological prop-
erties of the same alloy are largely dependent
on the technological processes of forming the
alloy into dental restorations. The process of
alloy melting and casting for dental purposes
has been known for centuries and melting
and casting conditions have been constantly
improved - from primitive alloy melting by
applying naked flame and open-air casting, to
melting by applying induced current in vacuum
or neutral gases. Nevertheless, even the perfect
casts have certain flaws.

A completely new approach to forming
dental restorations appeared with the third,
and soon after, with the fourth industrial revo-
lution. The third industrial revolution, also
known in the field of dentistry as Digital Den-
tistry or Dentistry 3.0, introduced numerous
new procedures based on digital technologies

(3D imaging, intraoral scans, computer-aided
design and computer-aided manufacturing -
CAD-CAM, cone-beam computer tomography
- CBCT, computer-aided implantology). The
transition from the third to the fourth industrial
revolution, i.e. to Dentistry 4.0, was barely no-
ticeable. Dentistry 4.0 is not a completely new
technology. In this case new system solutions
were created on the platform (infrastructure)
originating from the previous digital revolution.
This revolution introduced greater automation
in dental laboratory procedures, i.e. diagnostic
and therapeutic procedures in dental offices.
The selective laser melting (SLM) and compact-
ing (sintering) of metal powder particles is a
step forward in the modern dental practice. This
technology plunged us into the fourth industrial
revolution, i.e. Dentistry 4.0 [1, 2, 3].

The process of making dental restorations by
sintering dental alloys basically includes three
steps: digital impression, designing virtual res-
toration, and 3D printing [4-7].

Digital impression, suitable for further com-
puter processing, can be obtained by direct 3D
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Figure 1. Outline of schematic
functioning principles of selec-
tive laser melting [7]
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digitization in the patient’s mouth (intraoral scanners) and
indirect 3D digitization of the gypsum model (extraoral
scanners) [7, 8]. Nowadays, these scanners, in addition to
precision, ensure great comfort for both the doctor and
the patient.

Designing virtual restoration, i.e. computerized mod-
eling framework of crown, bridge or removable partial
denture, represents the second step in advanced technol-
ogy of making dental restorations. Virtual restorations are
designed by using commercial computer packages, which
are computer tools that facilitate and speed up the design
process [9]. Virtual restoration files (STL files) are sent
directly to the software of the machines designed to make
metal frameworks of dental restorations. At this stage, one
intermediate step is also possible. If the design control is
required in real space, obtained STL files are sent to 3D
printers, which print out a model of the future fixed or
mobile dental prostheses in polymer or, less often, wax.
The detected defects can still be remedied.

The third step is laser melting of the Co-Cr alloy pow-
der and producing the metal framework by sintering. In
the process of selective laser sintering, the object is printed
by successive addition of thin, horizontal layers. Each layer
is printed by applying a thin layer of alloy powder over
previously made object, which is then melted with a laser
beam in the form of the following layer [10, 11, 12].

Upon cooling, the melted metal powder is bonded hori-
zontally (thus forming a new layer) and vertically (bond-
ing with previously made layer). The form of each layer is
determined by a computer, based on a virtual restoration
model (obtained STL files). The process of powder melting
is governed by cross-sections determined in such manner.
The process of sintering only ensures the bond of the laser
melted powder (Figure 1) [7].

The objective of this paper is to describe the microstruc-
ture and mechanical properties of the sintered Co-Cr alloy
and to emphasize its advantages and disadvantages with
respect to the microstructure and mechanical properties
of the cast Co-Cr alloy.

METHODS

Base Co-Cr alloy, EOSint M EOS Co-Cr SP2 (EOS GmbH,
Munch, Germany), was used for the purpose of this re-
search as the base material for sintering metal structures

of metal-ceramic restorations. Metal sintering was con-
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ducted by using EOSint M 280 device of German origin
in a stream of neutral gas — argon. After that, the alloy
was thermally treated over a period of 20 minutes at the
temperature of 800°C.

The chemical composition of the alloy was determined
by energy dispersive spectroscopy (EDS analysis). Micro-
structure of the tested samples was examined under an
optical metallographic microscope (MM) and scanning
electron microscope (SEM) in the Materials Testing Labo-
ratory at the Faculty of Mechanical Engineering in Mari-
bor, Slovenia. Physical and mechanical properties were
measured in a universal testing machine in the Materials
Testing Laboratory at the Faculty of Polymer Technology,
Slovenj Gradec, Slovenia. Six samples were prepared ac-
cording to the ISO standard 527-1:1993.

RESULTS

Chemical composition of the sintered Co-Cr alloy, deter-
mined by applying EDS, indicated the same qualitative
composition as for cast Co-Cr alloys. However, there were
certain differences in the quantitative composition of the
alloy, with the values for W, Si, and O being higher (Figure
2, Table 1).

Figure 2. Results of the energy dispersive spectroscopy of EOS Co-Cr
SP2 alloy after sintering and thermal treating
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Table 1. Numerical values of elements of energy dispersive spectros-
copy of EOS Co-Cr SP2 alloy after sintering and thermal treating

. Intensity Error Atomic
Elt. Line (c/9) 2-sig % Conc.
0y
0 Ka 2240 | 0947 gg7g | 2278wWth
| 2.342 wt%
Si Ka 43.85 1.324 4954 26.932 wt%
Cr Ka 404.78 4.024 27.583 .
58.110
Co Ka 511.87 4.525 54.323
wt%
Mo La 52.34 1.447 2.813 o
1323 1810 | 4892wtk
w Ma 43.78 . . 6,038 Wt%
100.000 100.000 wt%

Table 2. Test results for physical and mechanical properties of the
selective laser melting (SLM) builds

Samples — SLM + thermal

Setinfplizs — treatments
Tensile strength | 800 MPa Tensile strength 900 MPa
0.2% yield strength | 600 MPa | 0.2% yield strength | 700 MPa
Elongation 10% Elongation 2%
Modulus of elasticity | 170 GPa | Modulus of elasticity | 180 GPa

The composition and conditions for compacting particles
(sintering) determine the alloy structure. Sintered Co-Cr
alloy is examined under MM (Figure 3) and SEM (Figure 4).

Microporosity and porosity, i.e. the presence of den-
drites due to contraction, are characteristic for cast Co-Cr
alloys. Microscopic examinations of the sintered Co-Cr alloy
showed slightly more homogeneous and slightly more po-
rous structure compared to the cast Co-Cr alloy. (Figure 5).

Mechanical properties of the sintered Co-Cr alloy, prior
to thermal treating, indicate that the tubes are significantly
more brittle compared to the cast Co-Cr alloy. However,
after thermal treating, physical and mechanical properties
are approximately the same or superior (Figure 6, Table 2).
Figure 7 shows the SEM micrograph of the fractured tube
surface after mechanical testing.

The roughness of the metal surface is significant, both
for the bond between the metal and cement, and for the
bond between the metal and ceramics. The roughness of
the metal surface concerned ensures better strength of both
bonds. SEM micrograph of sintered Co-Cr alloys in this
study shows uniform roughness (Figure 8).

DISCUSSION

The results obtained are in accordance with relevant data
found in the literature referring to the chemical composition

! L e N
= . ™|
£ . - &

Figure 3. Metallographic microscope micro-
graph of the sintered Co-Cr alloy surface
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Figure 4. Scanning electron microscope
micrograph of the sintered and thermally
treated Co-Cr alloy surface

Stamenkovic¢ D. et al.

of EOS Co-Cr SP2 alloy determined based on EDS analysis,
but also based on X-ray diffractometry analysis (XRD) per-
formed by other authors [13, 14]. Chemical compositions
of alloys differ slightly depending on the manufacturer and
the surface that the analysis was performed on.

The microstructure of the sintered Co-Cr alloy is lamel-
lar in nature, with two dominant phases: €-Co and/or €-Cr
(fcc — face-centered cubic) and y-Co (hcp - hexagonal
close-packed). This structure was determined based on
XRD analysis [15, 16, 17]. The microstructure of two types
of samples is observed: a sintered sample and a sintered
and thermally treated sample. The same structure with
slightly lower intensity of peaks is determined with the
thermally treated sample [17].

Microstructure of the sintered Co-Cr alloy does not in-
dicate intermetallic phases, contrary to the cast Co-Cr alloy.
Upon casting, Co-Cr alloys create an intermetallic phase
(Cr,C, and Cr,,C ) [15]. In theory, the structures obtained
by applying SLM technology are not porous. However, this
should be taken with some reserve, since the porosity of
sintered structures depends on the purity of the input com-
ponents (alloy powder) and sintering conditions (environ-
ment, temperature). The alloys without intermetallic phases
and with minimum porosity have better mechanical prop-
erties [13]. A very precise, homogeneous alloy with good
mechanical properties is obtained by laying one layer of the
alloy powder over another, as confirmed by various authors
(Meacock and Vilar [18], Castillo-Oyagiie et al. [19]).

Mechanical properties of the Co-Cr alloy obtained by
applying the SLM technology, which are most commonly
described, are the following: properties determined based
on stress—strain diagram and the metal-ceramic bond
strength. The main purpose of metal sintering is to obtain
the metal with the highest possible density [20]. Metal den-
sity depends on the temperature of the thermally treated
metal and the amount of energy required for melting metal
powder on one side and scanning, laser power, and the
thickness of the powder layer and the thermally treated
region on the other.

Jevremovic et al. [21] and Zhou et al. [22] demonstrated
that sintered and thermally treated Co-Cr alloys show a
significantly higher tensile strength and greater modulus
of elasticity than cast Co-Cr alloys. Unlike these authors,
Lu et al. [23] demonstrated that the density, hardness, and
electrochemical properties of the compensation do not
depend on the technique applied and that both types meet
the requirements of the ISO 22764:2006 standard.

Figure 5. Scanning electron microscope mi-
crograph of the sintered, thermally treated,
and sandblasted Co-Cr alloy surface

Srp Arh Celok Lek. 2019 Nov-Dec;147(11-12):664-669
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Figure 6. Universal testing machine (A) and stress—strain diagrams
for the Co-Cr alloy after sintering (B) and after sintering and thermal
treating at 800°C (C)

Residual stress appears as a result of thermally treated in-
dividual layers of the melted metal powder. Quick heating is
accompanied by quick cooling, which leads to metal expan-
sion, followed by the shrinkage of the metal. This is most

Figure 7. Scanning electron microscope mi-
crograph of a fractured sintered Co-Cr alloy
tube surface after mechanical testing

Srp Arh Celok Lek. 2019 Nov-Dec;147(11-12):664-669

striking immediately after the removal of the alloy from
the machine, and it is remedied by releasing the residual
stress, i.e. by thermal treatment of the alloy. For the pur-
pose of our research, thermal treatment (releasing residual
stress) is conducted in the furnace, first at the temperature
of 450°C (45 minutes) and then at the temperature of 750°C
(60 minutes). After the expiration of the 60-minute period,
the furnace is turned off, and the furnace door is opened
at the temperature of 600°C, only to turn off the stream of
protective gas (argon) at the temperature of 300°C.

Sintered Co-Cr alloy shows higher hardness compared
to the same cast alloy. Relevant data found in the literature
indicate that the hardness of sintered dental Co-Cr alloys
ranges 440-475 HV10, i.e. 382 HV10, whereas the hard-
ness of the cast Co-Cr alloy ranges 325-374 HV10 [24, 25,
26]. Higher hardness and more homogeneous microstruc-
ture result in increased corrosion and wear resistance [24].
Subsequent thermal treating of the sintered alloy during
the process of baking ceramics (in case of metal-ceramic
restorations) does not affect its corrosion resistance [26].

Relevant data found in the literature indicate that the
average surface roughness (the profile roughness param-
eter) immediately after sintering is about 8 um [27]. After
sand-blasting Al O,, the roughness is reduced due to sur-
face homogenization and uniformization. The roughness
of the sintered Co-Cr alloy surfaces is several times greater
than the roughness of the cast alloy surfaces. This may
cause a problem when making mobile restorations (e.g.
removable partial denture framework). On the other hand,
a rough surface increases the wettability and reduces the
contact angle, which enhances the bond between the metal
and the ceramics [28].

The SLM technology for the Co-Cr alloy, as a piece in a
mosaic, perfectly fits into the technological process auto-
mation in smart dental laboratories. This technology uses
cyber-physical systems, the Internet, and cloud computing
as its platform. In combination with diagnostic informa-
tion (3D imaging, intraoral scans, etc.) and treatment plan,
digital impression and simulation in a virtual articulator,
the SLM technology represents a major step towards au-
tomation in patient diagnostics and therapy, a major step
towards the fourth industrial revolution — Dentistry 4.0.
In addition to the already described advantages of sintered
alloys in terms of their microstructure and physical and
mechanical properties, this technology also ensures signifi-
cant time saving (dentist’s time, patient’s time, lab time).

Y S T L)

ATy ]

Figure 8. View of the surface (A) and cross-section (B) through the edge of the selective laser
melting sinter Co-Cr alloy
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Time is money, thereby meaning cheaper diagnostics and
therapy. Another significant advantage of the SLM tech-
nology lies in the fact that it is an eco-friendly technology
(smaller quantities of medical and other waste).

CONCLUSION

Selective laser melting of the Co-Cr alloy is a good example
of new technologies based on digitization. Together with
other digitized procedures (digital impression, designing
virtual restoration, 3D printing), this technology is leading
us towards Dentistry 4.0.

1. The qualitative composition of sintered Co-Cr alloys
is the same as cast Co-Cr alloys. However, there are
certain differences in the quantitative composition
of the alloys (higher values for W, Si, and O in the
sintered Co-Cr alloys).

2. The microstructure of the sintered Co-Cr alloy is
lamellar in nature, with two dominant phases: €-Co
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and/or €-Cr (fcc - face-centered cubic) and y-Co
(hep - hexagonal close-packed).

3. Mechanical properties of the sintered Co-Cr alloy,
prior to thermal treatment, indicate that tested speci-
mens are significantly more brittle compared to the
cast Co-Cr alloy. However, after thermal treatments,
physical and mechanical properties are approximately
the same or superior.

4. The SLM technology has the following advantages
over the conventional technology of casting Co-Cr
alloy structures: precise metal framework fitting;
digital impression and designing virtual restoration,
which ensure avoiding mistakes that can occur due to
shrinkage of the impression material, the expansion
of the plaster that the working model is made of, the
expansion of the refractory cast and the shrinkage of
the casting upon cooling; eco-friendly technology.
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CenektusHo NlaCepCKo Ton/bebe U CUHTEPOBAbEe AEHTa/IHe erype KOGaﬂT-XPOM

[JlejaH CrameHkoBuh', KocoBka O6pagoBuh-hHypuumnh', Pebeka Pyaond? Pajko bo6oBHuK?, [iparocnas CtameHKkoBuh®

'YHuBep3utet y beorpagy, Cromatonoluku dakyntet, beorpag, Cpbuja;

?YHueep3uTteT y Mapubopy, MawwmHcku dpakyntet, beorpag, Cpbuja;
3akynTeT 3a TexHonorujy nonumepa, Cnoset Npagew, Cnosexuja;

“Cpncko Nekapcko ApyLwTBo, AKagemuja MequUUHCKNX Hayka, beorpag, Cpbuja

CAMETAK

YBoa/Uum Livsb paga je onvcatyi MUKPOCTPYKTYPY 1 MeXaHUY-
Ke KapaKTepucTuKke cuHTepoBaHe nerype Co-Cr v uctahm toeHe
NpefHOCTN 1 MaHe Y OfHOCY Ha MUKPOCTPYKTYPY 1 MeXaHuuKe
KapakTepucTuke nuseHe nerype Co-Cr.

Mertope Y uctpaxusamy je kopuwheHa 6asHa nerypa Co-Cr,
Eosint M EOS Co-Cr SP2 (EOS GmbH, MutxeH, Hemauka) 3a cuHTe-
poBakbe MeTalIHNX KOHCTPYKLIMja MeTanoKepaMnUKnX HafoK-
Hapa. CuHTepoBatbe MeTana je o6aB/beHO Ha anaparty EOSint
M 280y cTpyju HeyTpanHor raca aproHa. HakoH Tora nierypa je
»apeHa 20 MyHyTa Ha Temnepatypu og 800°C. XeMujcKm cacTaB
nerype ogpehuBaH je eHeprogMcnep3vBHOM CNEKTPOCKOMNMjOM.
MWuKpOoCTpyKTypa NCNUTUBaHMX y30paka ferype nocMatpaHa je
Ha OMTVNYKOM MeTanorpadCckom v eneKTPOHCKOM CKeHmpajyhem
MUKpockomny. DU3NYKO-MeXaHNUKE KapaKTepUCTVKE MepeHe Cy
Ha yH/Bep3asHOj Kuganuuu. Y3opum cy npyunpemaHu npema
cTangapay /SO 527-1:1993.

PesynTati XemmnjcKun cacTaB y3opaka CrHTepoBaHe nerype Co-
Crnokasao je CTU KBanMTaTUBaH anui PasfnunT KBaHTUTAT/BaH
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cactaB y oaHocy Ha nerype Co-Cr3a nuserbe. MUKpoCTpyKTypa
cuHTepoBaHe nerype Co-Cr je namenapHe NpUpoae, y Kojoj Ao-
MUHUpajy ABe dase: E-Co n/wnu E-Cr (fcc - face-centred cubic) n
y-Co (hcp - hexagonal close-packed). Y nopehery ca nuBeHoM
nerypom Co-Cr, MexaHNuKe KapaKTepUCTUKE CYHTEPOBaHe fe-
rype Co-Cr cy 605be unv npubanxHo ucte.

3akrmpy4vak CenekT1BHO nacepcko Torsbetbe nerype Co-Crje
pobap NpuMep HOBMX TEXHOJONMja 3aCHOBaHUX Ha AUrUTann3a-
uujwn. 3ajegHo ca Apyrum OMrnTann3oBaHUM NpoLegypama Koje
NpeTXoAe, OBa TEXHOJIONWja je NpefBopje HOBOj epy Y CTOMATO-
noruju, nonynapHo HaseaHoj Dentistry 4.0. [lpegHOCTW TeXHO-
noruje ceneKTUBHOT IACEPCKOT TOM/bera Y OOHOCY Ha TEXHO-
NOTVjy KOHBEHLIMOHAMHOT NIBEHa METaNIHUX KOHCTPYKLMja Of
nerype Co-Cr cy Npeun3HOCT Hanerara MeTajiHe KOHCTPYKLKje
1 YnCTa TexHosoruja.

KrbyuHe peun: cenekTBHO lacepcko TOM/betbe; CMHTEPOBatkbe
metana; nerypa Co-Cr
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Comparison between Steiner cephalometric

and modified Andrews photometric method for
assessing antero-posterior position of the maxillary
central incisors
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SUMMARY

Introduction/Objective Maxillary incisors, when exposed during smile, are one of the most important
facial features. In an attempt to overcome limitations of standard cephalometric methods, Andrews
described an approach to determine ideal anteroposterior (AP) position of maxillary central incisors
in smiling profile in relation to the forehead. We compared traditional Steiner cephalometric method,
using surrounding skeletal landmarks, to the method proposed by Andrews, with the aim of determining
whether distant but very noticeable craniofacial structures can affect our impression of tooth position.
Methods The study comprised 90 randomly selected lateral cephalograms, divided into three groups
according to maxillary central incisors AP position according to Steiner cephalometric norms. The AP
relationship of the maxillary central incisors was measured as a perpendicular distance from facial axis
point to the nasion A line and to the vertical line through forehead facial axis point respectively. Student’s
t-test and Pearson’s correlation were used to compare tested variables.

Results There was statistically significant difference between two methods (p = 0.01108). According to
the Steiner method 46.67% subjects had retrusive incisors and 53.33% subjects had protrusion. Andrews's
method showed different results; 35.56% subjects had retrusion, while 64.4% had protrusion.
Conclusion The method proposed by Andrews showed consistently more protrusion than the traditional
cephalometric method according to Steiner. Slightly retruded position of maxillary central incisors
according to Steiner analysis does not always imply poor facial esthetics, if they have favorable position
to the forehead. Low levels of correlation indicate that we should never rely on just one set of parameters.
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INTRODUCTION

The smile and facial esthetics are the most im-
portant motivating factors for many patients to
seek orthodontic care. For that reason, most of
them are moved solely by a desire to improve
appearance, without considering other mor-
phological or functional disorders.

On the other hand, most orthodontic pro-
fessionals choose their decisions and plan
treatment by obtaining optimal occlusal re-
lationship. The literature we found contains
numerous studies that have shown significant
improvements of post treatment dentofacial
features and a high ability of different ortho-
dontic treatments in manipulation of facial at-
tractiveness [1-8]. However, there is also clear
evidence that an ideal occlusion often results in
a not-so-desirable appearance and facial esthet-
ics [9]. An orthodontic treatment that adheres
strictly to cephalometric standards, based on
traditional osseous landmarks to define jaw and
teeth positions can often be deceiving, since a
good facial harmony has been shown to exist
within a wide range of cephalometric values.
Recently, there has been a paradigm shift that
emphasizes the importance of considering the

dentition, especially incisors, as a part of the
face and not just some cephalometric value
among other bony structures [10, 11].

When exposed during smile, maxillary inci-
sors are one of the most important facial fea-
tures. Most traditional cephalometric values
estimate incisors anteroposterior (AP) position
relative to surrounding bone structures, like jaw
axis, or anterior point of cranial base. Others
use soft tissue analysis, like nasolabial angle and
E-line that indirectly convey the position of in-
cisors. However, other nearby structures (nose,
chin, and forehead) can sometimes distort our
perception, visually improving or deteriorat-
ing their appearance, thus making traditional
hard tissue cephalometric values unreliable.
Recently, smile esthetics, especially from the
frontal perspective, has frequently been studied
[12-15]. In profile, conversely, the maxillary
incisors are not typically assessed in relation
to other external facial landmarks. In an at-
tempt to overcome aforementioned limitations
of standard cephalometric methods, Andrews
and Andrews [16] in Six Elements of Orofacial
Harmony™, described an approach for deter-
mining the ideal AP position of maxillary cen-
tral incisors in smiling profile, which optimizes
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esthetics of the soft tissue profile. Andrews favors the fore-
head as a stable landmark because, unlike internal osse-
ous radiographic landmarks, it is a part of the face, with
predictable and repeatable relationship to the incisors.
Moreover, both lay people and professionals are sensitive
to the incorrect AP relationship of the maxillary incisors
to the forehead, thus this is a method unconsciously used
in determining profile acceptance [17, 18, 19].

The aim of this study was to evaluate and compare
traditional Steiner cephalometric method for assessing
maxillary central incisors AP position, using surround-
ing skeletal (osseous) landmarks to the method proposed
by Andrews [20], which we modified to use patient radio-
graphs instead of photographs to determine the position
of the incisors relative to the forehead.

METHODS

Ninety randomly selected patients (41 males, 49 females,
mean age 14.1 years) comprised the study sample. All
patients were treated at the Clinic of Dentistry, Faculty
of Medicine, University of Novi Sad. Patients with severe
congenital skeletal malformations were excluded from the
research (clefts, syndromes, etc.). Initial digital cephalo-
metric radiographs were taken, following a standardized
procedure, and the hairline was marked with radiocontrast
material (barium paste), in order to make point Trichion
clearly visible. Radiographs were digitally traced, using
Onyx-Ceph 3D (ONYXCEPH?", Chemnitz, Germany)
cephalometric software, and six skeletal and soft tissue
landmarks identified. Skeletal landmarks were detected
according to Steiner [nasion, A (NA) point, ulFA max-
illary central incisor facial axis (FA) point], while land-
mark points for the forehead were identified as described
by Andrews [Trichion, Superion, Glabella, and the fore-
head facial axis (FFA) point] (Figure 1) [16]. Originally,
Andrews’s method of evaluation of orofacial harmony is
done on lateral photographs, instead, we proposed a ra-
diological evaluation method, on lateral cephalograms,
in order to simplify the procedure and avoid any possible
problems and inaccuracy due to different head positions
and size ratios of photographs and cephalograms.

The entire sample was divided into three groups accord-
ing to the accepted Steiner analysis cephalometric norms for
maxillary central incisors anteroposterior position: group I
(norm position ul-NA 2-4 mm), group II (retruded ul-NA
<2 mm) and group III (protruded ul-NA > 4 mm).

In addition to conventional cephalometric nasion-point
A line, two vertical reference lines were also constructed:
line 1 through the FFA point, line 2 through the maxil-
lary central incisors FA point. The AP relationship of the
maxillary central incisors was measured as a perpendicular
distance from FA point to the NA line and to the vertical
line through forehead’s FFA point respectively (Figure 2).
Accepted cephalometric norm for the distance of ulFA point
to the NA line was 4 mm, as suggested by Steiner, and was
assumed to be “ul-NA A 4 mm = 0” or base value. A posi-
tive value was assigned when ulFA to NA line distance was

Srp Arh Celok Lek. 2019 Nov-Dec;147(11-12):670-675

- Trichion

FFA Point

Glabella

FA Point

Figure 1. Landmarks used by Andrews to assess the anteroposterior
position of the maxillary central incisors relative to forehead [20]

Figure 2. Referent lines on lateral cephalogram used to assess antero-
posterior position of maxillary central incisors according to Steiner
method and Andrews method;

Line 1 - vertical through the forehead facial axis point; line 2 - vertical
through maxillary central incisors facial axis point; line 3 — nasion-point A; (the
anteroposterior relationship of the maxillary central incisors was measured as
a perpendicular distance from facial axis point to the nasion point A line and
to the vertical line through forehead facial axis point, respectively)

more than 4mm and negative when less. Base value (0) for
the incisors position in relation to the forehead was with
ulFA point touching the FFA vertical. A positive value was
assigned when maxillary central incisors were anterior to the
forehead’s FFA point (linel) and negative when posterior.

Reliability

The reliability of the visual assessment of the morpho-
logical characteristics of the forehead was determined by
interobserver evaluations between the authors, showed
very good agreement (k = 0.82) as assessed by the kappa
coefficient [21].
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Duplicate determinations were also carried out for all
variables. The measurements were undertaken two weeks
apart by the same examiner on a random sample of 20
cephalograms. The systemic error between two measure-
ments was calculated using a paired t-test, for p < 0.05,
and no significant differences were found for any of the
hard or soft tissue variables in the two data sets. The error
variance was calculated according to Dahlberg formula.

Data analysis

Descriptive and comparative statistical analyses were per-
formed using IBM SPSS Statistics for Windows, Version
25.0 (IBM Corp., Armonk, NY, USA) computer software.
The means for both tested values were compared using
Student’s t-test. P-value of 0.05 or less indicated significant
differences. Correlation between variables was tested using
Pearson’s correlation.

Ethics

The study was conducted according to the Declaration
of Helsinki. The study has been approved by the Ethics
Committee of the Dentistry Clinic of Vojvodina (Nr: 01-
33/2-2019, 29.01.2019).

RESULTS

There were no significant differences between male and
female subjects, therefore all data was unified. Descriptive
statistics and Student’s t-test results of the maxillary cen-
tral incisors position for the entire sample are shown in
Table 1. Relative to the NA point line, maxillary central
incisor position ranged from -12.5 mm to +5.8 mm, with
an average value of 0 mm and standard deviation of 3.7
mm. Relative to FFA line maxillary central incisors posi-
tion ranged -16-16 mm, with an average value of 1.45 mm
and standard deviation of 6.09 mm. There was statistically
significant difference between two cephalometric measure-
ments for evaluation of maxillary central incisors position
(p =0.01108). Distribution of established incisors posi-
tions according to two different methods are shown in
Figure 3 and Figure 4. According to the Steiner method, 42
(46.67%) subjects had retrusive maxillary central incisors,
positioned behind threshold value line, and 48 (53.33%)
subjects had protrusion. Method proposed by Andrews
showed different results; 32 (35.56%) subjects had maxil-
lary central incisors FFA point positioned posterior to the
forehead’s FFA point indicating retrusive position. Fifty-
eight (64.4%) subject had maxillary incisors FFA point
somewhere at or in front of the FFA line.

Descriptive statistics and difference testing results for
three groups of subjects, according to accepted Steiner
analysis cephalometric norms are shown in Table 2.
Arithmetic mean values for maxillary central incisors po-
sition relative to the NA point line for different groups
are 0 mm, -4.10 mm and +3.10 mm and relative to FFA
line +3.45 mm, -0.30 mm and +1.45 mm, respectively.

Vucini¢ P. et al.

Table 1. Anteroposterior position (mm) of the maxillary central incisors
relative to nasion-point A line and to the forehead facial axis line for
the entire sample

ALL Mean SD Min. Max. | t-test (p-value)
ul-NA A4 mm 0 3.7 -12.5 5.8

0.01108*
ul-FFA 145 6.09 -16 16

NA - nasion A; FFA - forehead facial axis; u1-NA A 4 mm - accepted cepha-
lometric norm for the distance of u1FA point to the NA line was 4 mm, as
suggested by Steiner, and was assumed to be “u1-NA A 4mm = 0" or base
value; u1-FFA - perpendicular distance from facial axis point to the vertical
line through forehead's forehead facial axis point; base value (0) for the inci-
sors position in relation to the forehead was with u1FA point touching the
forehead facial axis vertical;

*p < 0.05;
ul-NAA4mm

20,0

100 1

0,0 %
RN s

-10,0 * > &+
20,0

Figure 3. Distribution of established incisors positions relative to
nasion-point A line;

u1-NA A 4 mm - accepted cephalometric norm for the distance of u1FA point
to the nasion-point line was 4 mm, as suggested by Steiner, and was assumed
to be“u1-NA A 4 mm = 0" or base value

ul-FFA
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& &
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Figure 4. Distribution of established incisors positions relative to the
forehead facial axis;

u1-FFA - perpendicular distance from facial axis point to the vertical line
through forehead facial axis point; base value (0) for the incisors position in
relation to the forehead was with u1FA point touching the forehead facial axis
vertical

Significant difference was established for subjects with
normo position (p = 0.00000) or retruded (p = 0.00132)
maxillary central incisors.

There was no significant correlation between tested
variables overall (r = 0.24844), nor in all three groups
(Table 4).

DISCUSSION

Of all the factors related to a balanced facial expression and
smile esthetics, AP position of the maxillary incisors is one

Srp Arh Celok Lek. 2019 Nov-Dec;147(11-12):670-675
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Table 2. Anteroposterior position (mm) of the maxillary central incisors
relative to nasion-point A line and to the forehead facial axis line for
three groups (normal, retruded and protruded incisors) according to
Steiner cephalometric analyses

Normal (2-4 mm) Mean| SD | Min. | Max. !
(p-value)
ul-NAA4 mm 0 0.96 -1.8 2
0.00000%**
ul-FFA 345 | 3.32 -3.7 8.7
Retruded (< 2mm) | Mean | SD Min. | Max. ttest
(p-value)
ul-NA A4 mm -4.1 272 | -125 | -2.1
0.00132%*
ul-FFA -0.3 6.15 -16 9.7
Protruded (>4 mm) | Mean | SD Min. | Max. ttest
(p-value)
ul-NA A4 mm 3.1 1.09 2.1 5.8
0.49020
ul-FFA 145 | 762 | -126 | 16

NA - nasion A; FFA - forehead facial axis; u1-NA A 4 mm - accepted
cephalometric norm for the distance of u1FA point to the NA line was 4 mm,
as suggested by Steiner, and was assumed to be “u1-NA A 4 mm = 0" or base
value; u1-FFA - perpendicular distance from facial axis point to the vertical
line through forehead's forehead facial axis point; base value (0) for the
incisors position in relation to the forehead was with u1FA point touching the
forehead facial axis vertical;

**p <0.01;

**¥p < 0.001

Table 3. Percentage of patents with protrusive or retrusive maxillary
central incisors relative to nasion-point A line and to the forehead
facial axis line

Protrusion Retrusion
ALL

46.67% <ul-NAA4 mm > 53.33%
35.56% <FFA > 64.4%
Group 1

33.33% <ul-NAA4 mm> 66,66%
13.33% <FFA > 86,67%
Group 2

0% <ul-NAA4 mm > 100%
50% <FFA> 50%
Group 3

100% <ul-NAA4 mm > 0%
43.33% <FFA > 56.67%

FFA - forehead facial axis

Table 4. Correlation between Incisors position relative to nasion-point
A line (u1-NA) and to the forehead facial axis (u1-FFA) line

ul-NA A4 mm ul-FFA
ul-NA A4 mm 1
ul-FFA 0.248447 1

Pearson’s correlation coefficient (r) was calculated, and significant
relationships were marked (*)

that can easily be controlled and influenced by orthodontic
treatment. If we consider maxillary incisors as a part of
the face, then evaluating its position should unavoidably
include other facial landmarks. Some facial features such
as the nose and chin are very variable and can change con-
siderably over time. Moreover, in many cases, several still
widely used cephalometric indices, like nasolabial angle,
lip prominence and esthetic lines, does not reflect true
position of the maxillary incisors and often depend more
on the soft tissue thickness and muscle tonus rather than
incisors AP position [22-25].
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This research showed a significant difference between
maxillary central incisors AP position established by the
widely used method according to Steiner, and method by
Andrews [16] and Andrews [20] suggesting that the max-
illary central incisors should be positioned somewhere
at or between the forehead’s FFA point and glabella.
Average value of ul-NA A 4 mm for the entire sample
was 0 mm, indicating optimal AP position of maxillary
incisors to the NA line, while ul-FFA mean was showing
more protruded appearance, but still quite harmonious.
Andrews’s method showed more subjects with some de-
gree of protrusion, than method according to Steiner.
The differences were statistically significant. According
to these cephalometric variables, we can conclude that
the average patient from tested population is in general
with neutral AP position towards a slight protrusion of
maxillary central incisors.

If we consider only subjects with harmonious position
of maxillary central incisors according to Steiner (group
1) (Table 2), the difference between average values of two
indices is much larger.

That inconsistency is even more pronounced in group 2,
where all subjects had retruded maxillary central incisors
according to the Steiner method, while Andrews’s approach
showed only one-half of subjects with that characteristic.
The average position of maxillary central incisors was far
behind NA line, whereas the mean value of ul-FFA vari-
able indicates very harmonious and esthetically pleasing
position of incisors in relation to the forehead, as suggested
by Andrews that the maxillary central incisors be posi-
tioned somewhere at or between the forehead’s FFA point
and glabella [20]. The established difference was highly
significant. Because of these findings, it is evident that the
Steiner method is significantly biased towards diagnosing
more retrusive maxillary central incisors than photometric
method for assessing facial and smile harmony proposed
by Andrews.

Even though many studies of facial attractiveness indi-
cate very low acceptance for retrusion of upper incisors,
slightly retruded maxillary incisors according to the Steiner
analysis, at the beginning or at the end of the treatment,
does not always imply poor facial esthetics, if they have
a favorable position to the forehead [3, 11, 26, 27]. This
tinding is emphasizing the importance of using extraoral
reference points in evaluating and setting positional treat-
ment goals for upper incisors, since this is the method
that the society unconsciously uses to determine facial at-
tractiveness and profile acceptance, rather than, for them
obscured, skeletal structures [20, 28].

In group 3 (subjects with protruded incisors according
to Steiner method) average value of ul-FFA was showing
less protrusive characteristics of central maxillary incisors,
than Steiner’s method, but the difference was not statisti-
cally significant.

A very low level of correlation between compared vari-
ables point out that we must never only rely on one set of
parameters, and should always incorporate into the as-
sessment more cephalometric, photometric and clinical
indices for evaluating the smile, prior to final decisions.



The finding of this study implies that morphology of the
face and smile esthetics can sometimes be very deceptive
and elusive, and it confirms other authors results that it
is possible to obtain harmonious and attractive facial ap-
pearance even if some skeletal and dentoalveolar features
are deviating from the established norms [27, 29]. Chasing
cephalometric norms, without considering the broader
view, can sometimes have detrimental effect on facial es-
thetics. Holdaway [30] in his article concluded that patients
for whom orthodontic treatment adhered only to cephalo-
metric standards often did not meet the esthetic principles.
Each individual is a unique entity, therefore cephalometric
norms for maxillary central incisors AP position should
be used only as a general guide and a compliment to visual
evaluation of facial attractiveness. As facial esthetics be-
comes more and more important objective in orthodon-
tics, some of traditional cephalometric dentofacial norms
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should be evaluated cautiously, or possibly revised, in order
to obtain optimal and balanced smile for patients.

CONCLUSION

In general, the method proposed by Andrews and Andrews,
for assessing AP position of the maxillary central incisors
in relation to the forehead, showed consistently more pro-
trusion than traditional cephalometric method according
to Steiner.

Slightly retruded position of maxillary central inci-
sors according to Steiner analysis does not always imply
poor facial esthetics, if they have favorable position to the
forehead.
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Comparison between Steiner cephalometric and modified Andrews photometric method

Nopehere CrajHepoBe Kepanometpujcke n moaudukosaHe EHppy3oBe
doTomeTpmjcKe meToAe 3a NPOLLEHY aHTePONOCTEPUOPHOT NONOXKAja MAKCUNAPHUX

LeHTpanHux cekytuha

Mpegpar ByunHuh, Hophe Metposuh, CrojaH MBuh, Carba Byjkos
YHusep3uteT y HoBom Cagy, MegnumHcku dakynteT, KnuHuka 3a ctomatonorujy BojsognHe, Hosu Cag, Cp6uja

CAXETAK

Yeoa/Lumw MakcrnapHu cekytuhiu Koju ce Bue TOKOM
ocMexa NpefcTaBsbajy jefHy of HajBaXKHMjMX KapaKTepuCTrKa
nvua. Y nokywajy fa npeBasuhe orpaHnyera ctTaHaapaHNX
peHareHkedpanomeTpujcknx metopa, EHapy3 npegnaxe
MeToAy 3a ogpehuBare ngeanHor aHTEPONOCTEPUOPHOT
(AI) nonoxaja roprwuUx LeHTpanHnx cekytuha y ogHoCy Ha
yeno. Crora cmo ynopeaunu TpaguumoHanHy CrajHepoBy
peHareHkedanomeTpujcky MeTogy 3a NpoueHy nonoxaja
ropHUX LieHTpanHmx cekyTuha, Koja KopUCTU OKOJHE CKeneTHe
CTPYKTYpe 1 MeToAy Kojy je npeanoxuo EHapys, ca uumwem fa ce
YTBPAWY Aa Ny yAarbeHe anv Beoma yousbuse KpaHuodalujanHe
CTPYKTYpe MOry YTULIAaTV Ha Hall yTMCaK O Monoxajy 3yba.
Metopne Matepujan 3a 0By CTyaujy cactojao ce og 90 HaCyMNYHO
ofabpaHux natepanHux peHareHkedanorpama, nogesbeHnx y
TpW rpyne, y ogHocy Ha ATl no3uLujy MakcMnapHUX LIeHTPanHMX
nHum3mBa npema CrajHepoBUM peHAreHKebanomMmeTpujckum
Hopmama. All oflHOC MaKcunapHUX LieHTpanHux cekytuha je
MepeH Kao neprneHAVKynapHO pacTojakbe Off HajaHTepropHMje
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Tauke KpyHULe roprber LieHTpanHor cekyTrha o HKje Koja
Craja Tauke HAa3uoH 1 cybcnuHase, Kao v [o BEPTUKAHE NHMje
KpO3 cpeauLby Tauky yYena. CrygeHToB t-Tect v MupcoHoBa
Kopenaumja kopuwheHu cy 3a nopeherbe TecTrpaHux Bapujabnu.
PesynTatn YTBpheHa je cTaTncTruky 3HavajHa pasnuka nmehy
ncnutreaHux metoga (p = 0,01108). lNpema CrajHepoBoj meToau,
46,67% ncnuTaHvKa je MMano peTpysujy cekytnha, a 53,33%
NCNUTaHUKa nmano je npoTtpy3njy. EHapy3oBa metoga je
nokasana gpyrauuje pesyntate: 35,56% ncnutaHvka je umano
peTpy3ujy, AOK je 64,40% 1mano NpoTpy3ujy.

3aksbyuak Metopa Kojy npegnaxe EHapy3 nokasana je 3HaTHO
BULUE 0CO6a ca MPOTPY3WjOM ropHUX LEEHTPANHMX ceKyTrha
Hero TpaguLMoHanHa peHareHKedanomeTpujcka Metoga npema
CrajHepy. bnaro peTpyavpaHu Noioxaj ropkux LeHTPanHNX
cekyTrha npema CrajHepoBOj aHaNM3M He 3Hauu yBeK U noLly
eCcTeTuKy NnLa, ako cekyTnhi MMajy MoBOsSbaH NONoXaj npema
yeny. Hi3ak HMBO Kopenauyje ykasyje Ha TO fja Cce HuKafa He
Tpeba ocnamati Ha camo jefHy rpyny rokasaresba.

KmbyuHe peun: cekytuhu; yeno; ectetuka nmua

675



DOI: https://doi.org/10.2298/SARH190710115R

UDC: 616.314-073; 616.24-005-085.273; 615.273

ORIGINAL ARTICLE / OPUTUHAJTHN PA[]

The effect of fibrinolytic therapy on 30-day outcome
in patients with intermediate risk pulmonary
embolism — propensity score-adjusted analysis

Nebojsa Radovanovi¢', Mina Radosavljevi¢-Radovanovic?, Jelena Marinkovi¢?, Nebojsa Antonijevic?,
Milan Dobri¢?, Predrag Mitrovi¢?, Maja Prodanovi¢', Dragan Mati¢', Ratko Lasica’, Lidija Savi¢?
'Clinical Center of Serbia, Emergency Center, Acute Cardiac Care Unit, Belgrade, Serbia;

2University of Belgrade, Faculty of Medicine, Department of Cardiology, Belgrade, Serbia;
3University of Belgrade, Faculty of Medicine, Institute of Biostatistics and Informatics, Belgrade, Serbia

SUMMARY

Introduction/Objective Patients with submassive (intermediate risk) pulmonary embolism (PE) represent
a very heterogeneous group, whose therapeutic strategy still questions whether some groups of patients
would have net clinical benefit from fibrinolytic therapy (FT).

Methods From the institutional pulmonary embolism registry, 116 patients with submassive PE were
identified, and the relation of their outcome to FT was analyzed using the propensity score (PS) adjust-
ment. The primary endpoint was the composite of death, in-hospital cardiopulmonary deterioration,
or recurrence of PE. Safety outcomes were updated TIMI non-CABG related major and minor bleeding.
Results According to Cox regression analysis, the incidence of composite endpoint was significantly
lower in patients treated with FT compared to anticoagulant therapy (AT) only (PS adjusted HR 0.22;
95% C1 0.05-0.89; p = 0.039). But, when patients were stratified into four PS quartiles, only patients in the
highest PS quartile that received fibrinolysis, had significantly lower composite event rate than patients
treated with AT (HR 0.20; 95% Cl 0.01-0.56; p = 0.016). The overall mortality of the study group was 5.2%
and there was no significant difference between the treatment groups. Total bleeding was significantly
more frequent in FT patients (HR 3.07; 95% Cl 1.02-13.29; p = 0.047), but not the major one.
Conclusion The use of FT was associated with a better outcome compared to AT in patients with sub-
massive PE, but the benefit was mainly driven from those with highest values of PS, i.e. with the highest
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baseline risk. The rate of major bleeding was not significantly increased by FT.
Keywords: pulmonary embolism; intermediate risk; fibrinolytic therapy; propensity score

INTRODUCTION

Patients with submassive or intermediate-risk
from pulmonary embolism (PE) represent a
very heterogeneous group with large variations,
both in terms of presentation and prognosis [1,
2]. According to large older registries, Man-
agement Strategy and Prognosis of Pulmonary
Embolism Registry and International Coopera-
tive Pulmonary Embolism Registry (ICOPER),
their mortality ranged 9.6-15.1% [3, 4] and ac-
cording to recent meta-analysis of randomized
trials and newer the Computerized Registry of
Patients with Venous Thromboembolism (RIE-
TE) registry data 2-5% [5, 6, 7]. Despite the fact
that clinical scores do predict adverse outcomes
in acute PE [8, 9] and that hybrid studies dem-
onstrate that combinations of right ventricu-
lar (RV) dysfunction and elevated biomarkers
indicate adverse prognosis [10, 11], still man-
agement of submassive PE crosses the zone of
equipoise [1]. The latest European guidelines
are more precise, in terms of not recommend-
ing routine use of primary systemic throm-
bolysis in patients not suffering from shock
or hypotension, but on the other hand, they
strongly suggest close monitoring in patients

with intermediate-high risk PE to permit early
detection of hemodynamic decompensation
or circulatory collapse, and timely initiation of
rescue reperfusion therapy. In addition, set-up
of multidisciplinary teams for management of
selected cases of intermediate-risk PE should
be considered [2].

Although no study has yet shown clear ben-
efits of fibrinolytic therapy (FT) in terms of
overall survival in patients with intermediate-
risk PE, there are data indicating beneficial ef-
fects on other important short and long-term
outcomes [12, 13, 14]. Randomized, prospec-
tive studies have found beneficial effect of FT
on clinical outcomes, although in the largest
one, at the expense of increased risk of major
and intracranial bleeding [15, 16, 17]. There-
fore, the main unresolved issue remains wheth-
er specific group of patients with intermediate
risk PE would profit from FT, without increas-
ing the risk of serious adverse events.

The ideal design of the study investigating
treatment effects implies random allocation of
patients to different types of therapy. However,
these studies may have limited applicability,
and their conclusions often correspond less
to everyday clinical practice than those from



Fibrinolytic therapy in intermediate risk pulmonary embolism

observational, registry studies. On the other hand, regis-
try data usually have significant baseline between-group
differences in observed covariates, which need to be ad-
justed by adequate statistical methods. Therefore, based
on clinical and echocardiographic criteria, we designed
this observational registry study, in order to investigate the
propensity score-adjusted association of FT and 30-days
outcome in patients with acute submassive/intermediate
risk PE.

METHODS

This is a single center, investigator initiated, observational
cohort study, conducted in a tertiary, academic teaching
hospital, from January 2011 to May 2014. The diagnosis
of acute submassive/intermediate risk PE was made as fol-
lows: typical symptoms and signs of PE lasting no more
than seven days, without systemic hypotension at the ad-
mission (i.e. with systolic blood pressure > 90 mmHg and
absence of a drop of systolic blood pressure by > 40 mmHg
compared to standard values, lasting > 15 minutes), but
with RV dysfunction confirmed by echocardiography. The
criteria for RV dysfunction were [18]:

1. RV end-diastolic diameter > 3 cm in parasternal long
axis and right/left ventricular end-diastolic diameter ratio
> 0.6 (both in the absence of RV hypertrophy);

2. hypokinesia of RV-free wall in any view and/or
Mc Connell sign;

3. tricuspid regurgitant jet velocity 2.5-3.5 m/s in the
absence of inferior vena cava collapse on inspiration and/or
estimated RV systolic pressure 40-60 mmHg. Patients had
to fulfill at least one from each of three above-mentioned
criteria. The diagnosis of PE was confirmed either by mul-
tidetector computed tomography scan, when available
(n = 68), or by ventilation/perfusion mismatch on lung
scintigraphy scan (n = 48). Contraindications to fibrinoly-
sis were any prior intracranial hemorrhage, known struc-
tural or malignant intracranial disease, ischemic stroke
within six months, gastrointestinal bleeding within the last
month, uncontrolled hypertension (systolic blood pressure
> 180 mmHg), any active bleeding, or known bleeding
diathesis, recent major trauma/surgery/head injury in the
preceding three weeks.

The study protocol was approved by the University
of Belgrade, Faculty of Medicine Ethical Committee and
done in accordance with the legal standards. Since we used
routine data registry, written informed consent was not
required, but all patients gave an oral informed consent
for the use of their unidentified data and follow-up par-
ticipation.

Study protocol

All patients included in the study received an intravenous
bolus of unfractionated heparin (80 U/kg) and underwent
immediate clinical, ECG, echocardiographic, arterial blood
gas and D-dimer evaluation, in addition to standard labo-
ratory analysis. Cardiac troponin I (when available) was
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measured using micro particle enzyme immunoassay —
MEIA kit (Abbott Laboratories) and the reference value
was < 0.04 ng/mL. Since at the study time, no prognostic
score was officially recommended, all further decisions
concerning the treatment were made at the discretion of
the clinician caring for each patient. If the decision was
made for FT, Food and Drug Administration approved
protocol for alteplase was applied (10-mg iv bolus, followed
by a 90-mg intravenous infusion over a period of two
hours), followed by an intravenous infusion of unfraction-
ated heparin after getting an activated partial-thrombo-
plastin time (aPTT) < 70 sec. If the decision was made for
anticoagulant therapy only, the infusion of unfractionated
heparin was started at a rate of 18 U/kg/h, and the rate was
subsequently adjusted to maintain the aPTT at 1.5-2 times
the control. Measurements of the aPTT were performed
at six-hour intervals on day one and two and at 12-hour
intervals thereafter. Overlapping with oral anticoagulant
therapy started on hospital day three and was maintained
until a therapeutic range of the international normalized
ratio (INR 2.5-3) was stable for two days. Patients were ex-
amined for symptoms, blood pressure, and heart rate every
six hours for the first 48 hours, then every 12 hours until
clinical stabilization, and daily up to discharge; Sat O, was
continuously monitored for the first 48 hours. All patients
had complete blood count and fibrinogen concentration
measured at enrollment and daily until discharge. On each
day, every patient was examined for the occurrence of any
bleeding episodes. During hospitalization, color-Doppler
scan of the inferior limbs’ deep veins was also performed
in all the patients.

Outcomes

Primary outcome of the study was the composite of death,
cardiopulmonary deterioration, or recurrence of PE (non-
fatal) within 30 days of presentation. Cardiopulmonary
deterioration was defined as:

1. the need for cardiopulmonary resuscitation or any
spontaneous episode of hypotension (drop of sys-
tolic blood pressure below 20 mmHg compared to
the admission value) with signs of end-organ hypo-
perfusion;

2. respiratory failure (worsening dyspnea with drop of
arterial oxyhemoglobin saturation level below 90%).

Confirmation of recurrent PE was done by appearance

of a new perfusion defect by lung scan or multidetector
computed tomography in patients having symptoms and
signs of recurrent PE attack. Safety outcomes were updated
TIMI non-CABG related major and minor bleeding [19].

Statistical analysis

Continuous variables were expressed as means + standard
deviation or medians with interquartile ranges, depending
on their type of distribution, examined by Kolmogorov-
Smirnov test. Logistic regression analysis was used for un-
adjusted (univariate) comparisons of baseline demograph-
ic, clinical, electrocardiographic, echocardiographic, and
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biochemical characteristics between two groups (patients
receiving FT vs. patients with anticoagulant therapy only).
To control for baseline differences in observed covariates
between groups, a propensity score-based approach was
applied [20, 21]. We estimated the odds ratios (ORs) of
receiving thrombolysis by fitting separate invariable lo-
gistic regression models, with each individual covariate
as the independent variable. Variables with p-value < 0.1
were selected, and further tested for mutual correlation
(Pearson or Spearman correlation, depending on their type
of distribution). For those variables with significant and
high (> 0.7) correlation, only one was used for building a
multiple logistic regression model, that finally gave pre-
dicted probabilities (propensity scores) for each patient to
receive FT. In order to evaluate the association of FT and
30-days outcomes, propensity score-adjusted Cox regres-
sion analysis was performed. Finally, predefined sub-group
analysis of patients stratified into four risk groups, accord-
ing to their PS values (PS quartiles) was done (highest PS
quartile — highest risk). For each group, Cox regression
analysis was performed, in order to assess the potential
heterogeneity of fibrinolytic treatment impact on primary
endpoint. Kaplan—-Meier method was used to present dif-
ference in event-free survival curves of treatment groups in
PS quartiles. For all analyses, p-value < 0.05 was considered
statistically significant. Statistical analysis was performed
with SPSS software Version 15.0 for Windows (SPSS, Inc.,
Chicago, IL, USA).

RESULTS
Study population

From the institutional PE registry, 314 patients with acute PE
were identified. Sixty-two of them (19.7%) had massive/high
risk PE; 120 (38.3%) patients had submassive/intermediate
risk PE (in 116 of them, being the first episode of PE), and
132 (42%) patients had non-massive/low risk PE. In all 116
patients included in the study, the post-hoc calculation of
simplified PESI score was > 1. Baseline characteristics of
the study patients, according to treatment groups, are pre-
sented in Table 1. At the beginning of the study, troponin
was not routinely measured, so values for the first 35 patients
are not available. Analysis of the rest 81 patients showed
that patients in the highest PS quartile had significantly
higher values of cardiac troponin I compared to those in
lower quartiles (quartile IV (1.64 + 1.10 ng/mL) vs. quartiles
1(0.15+0.08 ng/mL) and IT (0.17 + 0.10 ng/mL) - p < 0.01;
quartile IV vs. quartile III (1.02 + 0.91 ng/mL), p = 0.08).

Treatment

Fibrinolytic therapy was given to 25/116 (21.5%) patients
with intermediate risk PE, and only anticoagulant therapy
to 91/116 (78.5%) patients. Patients who received throm-
bolysis had higher incidence of cyanosis at the admission,
as well as higher respiration rate, greater end-diastolic di-
ameter of the right ventricle, higher D-dimer values and
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lower Sat O, level. Propensity score was constructed as
previously described, and included following variables in
multiple logistic regression model: respiration rate, cyano-
sis, D-dimer value, and Sat O, level. After PS-adjustment,
treatment groups did not differ in observed covariates
(Table 1).

Outcomes

During the first 30 days after admission, primary com-
posite clinical endpoint occurred in 18/116 (15.5%) pa-
tients; in 3/25 patients (12%) treated with thrombolysis,
and in 15/91 patients (16.5%) treated with heparin only.
According to PS-adjusted Cox regression analysis, the rate
of primary composite endpoint was significantly lower in
patients treated with FT compared to those treated with
heparin only (PS-adjusted HR 0.22; 95% CI, 0.05-0.89;
p = 0.039) (Table 2). After risk stratification of patients
into quartiles according to their PS values, predefined sub-
group Cox analysis showed that only patients in the highest
PS quartile that received thrombolysis, had significantly
lower primary composite event rate compared to patients
treated with heparin only (13.3% vs. 50%; HR 0.20; 95%
CI 0.01-0.56; p = 0.016) (Table 3). Figure 1 shows Kaplan-
Meier analysis of event free survival between two treatment
groups in the highest risk (PS) quartile. The overall mortal-
ity was 5.2%. Individual events did not differ significantly
between treatment groups (Table 2).

Total bleeding rate was higher in patients who re-
ceived thrombolysis (12%, vs. 5.5% in the anticoagulant
therapy group; PS-adjusted HR 3.07; 95% CI 1.02-13.29;
p = 0.047). Major bleeding rate was similar in both groups
(4% vs. 2.3%, p = 0.643) (Table 2); one patient (in the fi-
brinolytic group) had non-fatal intracranial bleeding, and
no patient had fatal bleeding.

DISCUSSION

The main findings of our study are:

1. Fibrinolytic therapy was associated with lower 30-
days PS-adjusted rate of primary composite endpoint
(death, cardiopulmonary deterioration, or PE recur-
rence) in patients with intermediate-risk PE;

2. The observed reduction in primary composite end-
point rate was largely driven by reduction of events in
patients with the highest baseline risk (i.e. in patients
within the highest PS quartile);

3. Bleeding was more frequent in patients receiving
thrombolysis, but not a major or a fatal one.

Our study population was homogenous in terms of the
uniform definition of intermediate-risk PE at admission,
which was further confirmed by Simplified Pulmonary
Embolism Severity Index score > 1 for all patients. Nev-
ertheless, we observed a large heterogeneity in terms of a
wide range of important parameters like respiration rate,
incidence of cyanosis, D-dimer values, and Sat O, level
(Table 1), which eventually influenced therapy decision.
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Table 1. Baseline characteristics and their unadjusted and propensity score (PS) adjusted comparison between treatment groups

Variable Heparin | Thrombolysis Unadjusted Unadjusted PS-adjusted PS-adjusted
(n=91) (n=25) OR (95% Cl) p OR (95% Cl) p
Demographics
Age (years), X = SD 6111 50+17 1.01 (0.98-1.04) 0.576 1.01 (0.97-1.05) 0.613
Sex (male) % 41.7 39.1 1.07 (0.43-2.70) 0.881 1.31(0.43-3.97) 0.630
Previous or concomitant disease
Previous surgery, % 29.7 26.1 0.84 (0.29-2.35) 0.735 0.78 (0.25-2.57) 0.704
Previous immobilization, % 10.1 17.4 1.71 (0.48-6.03) 0.407 3.26 (0.76-13.88) 0.110
ggre‘;’;g ardiopulmonary 219 26.1 125(0.44-359) | 0675 | 1.82(052-636) | 0349
History of cancer, % 12.1 13 0.90 (0.23-3.46) 0.878 0.66 (0.11-3.85) 0.642
Symptoms
Dyspnea, % 90.1 95.6 2.41 (0.29-20.09) 0.415 0.70 (0.07-6.55) 0.758
Pleural pain, % 29.5 27.8 0.94 (0.37-2.34) 0.889 1.28 (0.43-3.79) 0.661
Syncope, % 17.3 19.7 1.53(0.49-4.79) 0.467 1.67 (0.45-6.21) 0.447
Palpitations, % 219 26.1 1.25 (0.44-3.59) 0.675 1.51 (0.44-5.14) 0.510
Signs
Cyanosis, % 7.7 30.4 3.62(1.12-11.02) 0.031 0.44 (0.08-2.47) 0.349
SAP (mm Hg), X + SD 126.1 £ 21 127.5+234 | 0.99(0.97-1.02) 0.847 1.01 (0.99-1.04) 0.391
DAP (mm Hg), X + SD 80.4+£12.1 85.5+19.8 1(0.97-1.04) 0.865 1.02 (0.98-1.06) 0.319
Heart rate, X = SD 103.1+£20.5| 107.1+224 | 1.01(0.98-1.03) 0.340 0.98 (0.95-1.01) 0.184
Respiration rate, med (IQR) | 21 (15, 26) 30 (24, 32) 1.14 (1.04-1.24) 0.004 1.03 (0.92-1.14) 0.629
Right S3, % 23.1 43.5 2.56 (0.98-6.68) 0.054 0.64 (0.17-2.43) 0.510
Signs of DVT, % 71.6 78.2 1.22(0.45-3.33) 0.796 1.11(0.33-3.71) 0.869
Electrocardiographic
S1Q3T3, % 58.2 52.2 0.78 (0.31-1.96) 0.600 0.39(0.12-1.24) 0.111
New RBBB, % 13.1 13 0.99 (0.25-3.83) 0.986 0.84 (0.18-3.96) 0.830
Negative Tin V1-V3, % 25.2 39.1 1.90 (0.73-4.97) 0.191 2.27 (0.73-7.05) 0.155
Echocardiographic
EDDRV (cm), X £ SD 3.2+045 35105 3.01(1.09-8.29) 0.033 1.69 (0.53-5.38) 0.376
EDRV/EDLV, X = SD 0.8+0.2 0.9+0.2 0.88 (0.03-28.38) 0.578 0.18 (0.01-12.08) 0.427
RVSP (mmHg), X + SD 454 +18.5 50.2+155 1.01 (0.98-1.05) 0.488 0.99 (0.96-1.04) 0.881
Mc Connell sign, % 76.9 91.3 1.56 (0.32-7.59) 0.581 0.90 (0.18-5.01) 0.904
Laboratory
D-dimer (ng/mL), X £ SD 1647 £ 1524 | 2690+ 2152 | 1.69(1.11-2.57) 0.014 1.18(0.72-1.71) 0514
pO, (kPa), X + SD 83+19 8+3.8 1.11(0.82-1.51) 0.505 1.22(0.83-1.79) 0.311
Sat O, (%), X+ SD 89.1+5 83.1+7 0.87 (0.80-0.95) 0.002 0.98 (0.88-1.09) 0.708

SAP - systolic arterial pressure; DAP - diastolic arterial pressure; DVT — deep vein thrombosis; RBBB - right bundle branch block; EDDRV - end-diastolic dimen-

sion of the right ventricle; EDDLV - end-diastolic dimension of the left ventricle; RVSP - right ventricular systolic pressure; Sat O2 - arterial oxyhemoglobin

saturation level

Table 2. Propensity score-adjusted comparison of 30-days clinical outcomes in the two treatment groups

Parameters i) Tas | Cotorromboles | PSeciusted
Primary composite endpoint 15 (16.5%) 3(12%) 0.22 (0.05-0.89) 0.039
Death 5(5.5%) 1 (4%) 0.32(0.03-3.58) 0.352

CP deterioration** 6 (6.6%) 1 (4%) 0.25 (0.01-1.66) 0.123
Pulmonary embolism recurrence* 4 (4.4%) 1 (4%) 0.71 (0.06-9.06) 0.795
Bleeding (total) 5 (5.5%) 3(12%) 3.07 (1.02-13.29) 0.047
Major 2 (2.2%) 1 (4%) 1.93 (0.46-26.37) 0.643
Minor 3(3.3%) 2 (8%) 3.54(1.41-16.34) 0.049
*Non fatal;

not related to pulmonary embolism recurrence
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Table 3. Distribution of primary composite events in treatment groups across propensity score quartiles

PS quartiles Thera Number of Number of events PS-adjusted PS-adjusted
a Py patients (%) HR (95% Cl) for thrombolysis p
| Heparin 28 0
Thrombolysis 1 0 NA NA
(<0030 Overall 29 0
I Heparin 26 4(15.4)
Thrombolysis 3 0 NA NA
(0.031-0.089) Overall 29 4(138)
i Heparin 23 4(17.4)
Thrombolysis 6 1(16.7) 1.03(0.11-9.22) 0.982
0.090-0.227) Overall 29 5(17.2)
v Heparin 14 7 (50)
(>0.227) Thrombolysis 15 2(13.3) 0.20 (0.01-0.56) 0.016
: Overall 29 9(31)

PS - propensity score

Highest PS quartile

o

[

Thromboly:

Log Rank p=0.020
Heparin

Cum Survival Without Composite Endpoint

]

0 10 20 30

Time (days)

Figure 1. Kaplan-Meier curves of event-free survival in patients in the
highest propensity score quartile, according to therapy

Obviously, patients who received FT were “sicker;,” accord-
ing to significantly higher values of previously mentioned
variables, as well as larger end-diastolic diameter of the
right ventricle. Propensity score values were calculated as
a chance of receiving thrombolysis for every patient, there-
fore representing their baseline risk of adverse outcome
(highest quartile — highest risk). This was confirmed by
the incidence of primary endpoint in different PS quar-
tiles, being 0% in the first, 13.8% in the second, 17.2% in
the third, and 31% in the fourth quartile. Similar rate of
an adverse 30-days outcome (29.2%) for patients in the
highest-risk stratum was found by Bova et al. [22], using
a new prognostic model on the basis of four simple vari-
ables, in order to ameliorate stratification of patients with
intermediate-risk PE.

The benefit of FT in our study was mainly driven by the
reduction of events in patients within the highest PS quar-
tile, i.e. with the highest baseline risk, depicted in variables
that constituted PS (respiration rate, cyanosis, D-dimer
value, and Sat O, level). In addition, patients in the high-
est PS quartile had significantly higher values of cardiac
troponin I compared to quartiles I and II, which further
supports their higher risk. In such subset of patients, wait-

ing for hemodynamic deterioration to occur could be dan-
gerous, since it can abruptly progress to shock or need
for cardiopulmonary resuscitation, which puts them in a
significantly higher risk of death and probably less effective
“rescue thrombolysis” [23, 24, 25]. Therefore, Kearon et al.
[26], in the CHEST guidelines, propose that in patients
without hypotension, deterioration in markers such as in-
creased heart rate, a decrease in systolic BP (which remains
> 90 mmHg), worsening gas exchange, progressive right
heart dysfunction on echocardiography, or an increase in
cardiac biomarkers, may also prompt the use of FT. In the
remaining three PS quartiles of patients in our study, 11.5%
of patients received FT, without any clinical benefit. This
confirms the statement that FT should not be considered
for less severe forms of intermediate-risk PE.

As expected, total bleeding was more frequent in pa-
tients who received thrombolysis; but no major bleeding
occurred. Several meta-analyses have evaluated the bleed-
ing risk of FT in intermediate risk PE, most of them show-
ing significant association with major or intracranial bleed-
ing [5, 6, 27, 28]. However, the subgroup analysis based on
the type of fibrinolytic agent, by Marti et al. [6], suggested a
higher risk for both major and fatal or intracranial hemor-
rhage in patients treated by tenecteplase compared to those
treated with alteplase. The absence of significant difference
in major bleeding in our study could probably be a result
of the following facts:

1. the mean age of the thrombolysed patients was 59
years (of note, only two patients in that group were
over 70 and one of them had non-fatal intracranial
bleeding);

2. we used alteplase;

3. heparin was withheld during the alteplase infusion
and started after optimal aPTT was obtained;

4. before the initiation of FT meticulous bleeding risk
evaluation was done.

Still, the safety issue should be interpreted cautiously,
because of the limited sample size, as well as the fact that
major bleeding rate in patients with fibrinolysis was almost
twice of that with anticoagulant therapy only (though not
reaching statistical significance).

Although not designed to evaluate risk stratification,
our results support the statement that current risk stratifi-
cation scheme needs further improvement for intermediate
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risk group of patients, in order to optimize better identi-
fication of candidates for reperfusion treatment [2, 29].
Further potential benefit could eventually be accomplished
by development and incorporation of a new major/intra-
cranial bleeding risk score in PE, like the PE-CH score,
proposed by Chatterjee et al. [30].

Study limitations

First, since our study was performed in a single-center
acute cardiac care unit, on a relatively small number of
patients, selection bias may exist. Second, due to non-ran-
domized allocation of FT, in spite of using PS-adjustment,
we could not control for non-observed covariates. Third,
patients in our study (especially those who received FT)
were younger than in other cohort/registry studies, which
makes the extrapolation of the results uncertain. Therefore,
our results should prospectively be validated in a larger,
randomized trial.
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CONCLUSION

We demonstrated that the use of FT was associated with
better outcome compared to anticoagulant therapy in pa-
tients with the highest baseline risk among submassive/
intermediate risk PE patients. Although FT increased
the incidence of total bleeding events, the rate of major
bleeding in our study was not significantly higher in these
patients; still, one patient who received fibrinolysis had
non-fatal intracranial bleeding.
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Ytuuaj pubpuHonutuuke tepanuje Ha 30-gHeBHU ncxopn 6onecHUKa ca
cpeatbepusnyHom nayhHom embonunjom — aHanusa npunaroheHa ,NPoONEH3UTH

CKopom*

Hebojwa PagoBaHoBuh', MuHa PagocaerbeBuh-PagoBaHoBuh?, JeneHa MapuHkosuh?, He6ojwa AHTOHMjeBMNA?,
MunaH Jo6puh? Mpegpar Mutposuh?, Maja MpogaHosuh', Oparan Matuh', Patko Jlacuua’, inamnja Cauh?
'KnuHnykn uentap Cpbuje, YpreHTHU LieHTap, KopoHapHa jeanHuua, beorpag, Cpbuja;

2Ynusep3utet y beorpapy, MeguunHcku pakyntet, Kategpa 3a kapauonorujy, beorpag, Cpbuja;

3YHuBep3uTeT y beorpagy, MeanunHckn dakynteT, IHCTUTYT 3a 61ocTaTUCTVKY 1 MHdOpMaTUKY, beorpaa, Cpbuja

CAXETAK

YBoa/LUnm bonecHuum ca cybmacrBHOM (cpefepr3vyHoMm)
nnyhHom embonujom (ME) npeacTaB/bajy BEOMa XeTepOreHy
Trpyny 1 KOZ HlIX jOLU YBEK MOCTOj1 AUeMa y Be31 ca YKYNHOM
Tepanujckom Kopuctu of prbpuHonutuuke Tepanuje (OT) y
OJHOCY Ha Nleyetbe XenapuHoM, Kog oapeheHunx 6onecHuKa.
Mertopge /13 nHcTuTyumoHanHor permuctpa nnyhHux embonuja
nAeHTUPMKoBaHo je 116 bonecHuKa ca cybmacHom [ME v aHa-
NNU3MPaH je ncxopd Tmx 6onecHnKa y ogHocy Ha npumeHy OT
Kopuwherem nponeH3uTty ckopa (MC), Koju je npeacTaB/bao
LIaHcy cBakor 6onecHuka fa fobuje OT. MprmapHu L je 6uo
KOMMO3UTHU forahaj — CMPT, UHTPaXOCnMTanHO KapAUomyIMo-
HanHo noropuuare 1 peuuams MNE. be3begHocHU ncxog cy buna
peBugmnpaHa TIMI non-CABG related Benuka 1 mana KpBapetba.
Pe3ynrtatn KokcoBom perpecrioHom aHann3om gobujeHa je
3HaYajHO HIKa YYecTaiocT KOMMO3MTHOT Unba Kog 6onec-
HyKa neyeHnx OT y ofgHOCY Ha OHe neyeHe xenapviHom (MC

npunaroheH HR 0,22; 95% CI 0,5-0,89; p = 0,039). Anu, Kapa cy
6onecHVLM cTPaTMGUKOBAHN y YeTUPK Fpyne, Ha ocHosy MC
KBapTuna, camo 6onecHuL u3 Hajsuwwer MNC KBapTyia NeyeHn
OT vmanu cy 3HayajHo pehr KOMMO3UTHM Li/b Y OFHOCY Ha
OHe nleyeHe xenapuHom (HR 0,20; 95% C10,01-0,56; p = 0,016).
YKyNHU MOpTanuTeT NocMaTtpaHe rpyne je 61o 5,2% v Huje 6uno
3HayajHe pa3nuke mehy rpynama. YKynHa KpBapeta cy 6una
yewha y ¢nbpuHonutnukoj rpynu (HR 3,07;95% CI 1,02-13,29;
p = 0,047), anu He 1 BENMKa KpBapekba.

3aksbyyak [NpumeHa OT 6una je yapy»keHa ca 60sbYIM UCXOAOM
Y OHOCY Ha JIeUYeHe XenapuHOM, anu je KOpPUCT JOMUHAHTHO
AobmjeHa Ko OHYX ca HajBuLwMM BpegHocTuma MG, Tj. ca HajTe-
YKOM KNMHWNYKOM CJIMKOM MPKW NpujemMy. YYecTanocTt BeIMKUX
KpBapetba Huje 6una 3HavajHo noBehaHa npumeHom OT.

KmbyuHe peun: cpefrepranyHa ninyhHa embonuja; pubpuHo-
JIMTWYKa Tepanuja; NPOMNeH3nT CKop
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SUMMARY

Introduction/Objective The classic type of celiac disease (CD) is most common in children under two
years of age.

The aim of this study was to investigate whether breastfeeding, particularly breastfeeding during gluten
introduction, and timing of gluten introduction, influence the onset of CD at this age.

Methods We retrospectively analyzed medical records of 93 children, 40 in the first and 53 in the second
year, with a classic CD diagnosed at the University Children’s Hospital, Belgrade between 2000 and 2010.
The diagnosis of CD was based on the criteria of the European Society for Pediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) from 1989.

Results Duration of breastfeeding reduced the onset of the CD in the first year p = 0.039 (OR = 1.43 95%
C11.019-1.899). Also, breastfeeding at the time of gluten introduction significantly delayed the age at
diagnosis (F = 1.671, t = 2.39, p = 0.029). The timing of gluten introduction did not affect the age of oc-
currence of CD in these group of children.

Conclusion Longer breastfeeding, and breastfeeding at the time of gluten introduction, postponed the
onset of classic CD in patients up to two years. The association between the occurrence of CD and the

time of introduction of gluten in this age group of patients has not been established.
Keywords: classic celiac disease; children up to 2 years; breastfeeding; age of gluten introduction

INTRODUCTION

Celiac disease (CD) is an immune-mediated
systematic disease caused by the ingestion of
gluten that appears in genetically predisposed
individuals. The most important genetic factor
is the human leukocyte antigen (HLA) locus
DQ2 and HLA-DQ8 haplotypes, while the
gluten, most important environmental factor,
is required to trigger the disease [1, 2]. Other
factors may contribute to the pathogenesis and
expression of CD, namely additional genetic
loci, sex, breastfeeding, timing of gluten intro-
duction, gut microbiota, mode of delivery, met-
abolic profile of patients, etc. [3]. The disease
may be symptomatic, with the occurrence of
gastrointestinal and non-gastrointestinal symp-
toms. In addition, the course of the disease may
be asymptomatic. Symptomatic form includes
classic and atypical presentation. The classic
form of the disease, which primarily occurs in
children aged 9-24 months, is characterized by
chronic diarrhea, vomiting, abdominal disten-
tion, and malnutrition [4].

Some recent randomized controlled trails
concluded that there is no influence of timing

of gluten introduction on the risk of developing
CD [5, 6]. New observational studies showed
that breastfeeding, never during gluten intro-
duction, influenced the risk of developing CD
[5, 6]. Obviously, there is a need to further
clarify the role of environmental factors in
pathogenesis of CD.

The aim of this study was to investigate
whether breastfeeding, particularly breastfeed-
ing during gluten introduction, and timing of
gluten introduction, influenced the onset of CD
in infants.

METHODS

We retrospectively analyzed medical records of
93 infants (children up to two years of age; 61
girls and 32 boys), diagnosed with classic form
of CD at the University Children’s Hospital in
Belgrade, between 2000 and 2010. The study
protocol was approved by the hospital Ethics
Committee. Of the 93 infants, 40 were diag-
nosed in the first year and 53 in the second, and
all of them had severe gastrointestinal symp-
toms, characterized by a chronic diarrhea, poor
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appetite, and failure to thrive. The diagnosis of CD was
based on the criteria of the European Society for Pediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN)
[7]. In all the participants, the enteropathy was destructive,
in 90% it was total or subtotal, and in 10% partial.

In medical records, we analyzed duration of breastfeed-
ing before the diagnosis, timing of gluten introduction, the
duration of symptoms, and the age at diagnosis. Having the
retrospective study, we did not insist on exclusively breast-
feeding, we assumed that the infant had been breastfed if
mother had produced enough milk for a minimum of three
complete nursing per day.

Participant descriptive statistics are shown in Table 1.

Table 1. Descriptive statistics of 93 infants with classic celiac disease

Age (months) at celiac diagnosis 14.28 +4.78
Duration (months) of symptoms 2.08+1.84
Duration (months) of breastfeeding 3.33+3.77
Age (months) at gluten introduction 464 +1.23

The participants were divided into two groups based
on breastfeeding status at the time of gluten introduction.
Twenty-four participants were breastfeed at the time of
gluten introduction, and 69 were not. In addition, accord-
ing to new ESPGHAN position paper [8], we divided par-
ticipants regarding timing of gluten introduction: before
the fourth month (n = 12) and after (n = 81).

Binary logistic regression was conducted to estimate
whether duration of breastfeeding and timing of gluten
introduction influenced the risk of disease occurrence in
the first year of life. Differences regarding age at diagnosis
between the groups of infants formed based on timing
of gluten introduction and breastfeeding during gluten
introduction were determined using x* test. For all statis-
tical analyses OpenStat (Bill Miller, Iowa, USA) software
for Windows, version 11.9.08 (http://openstat.en.softonic.
com/) was used.

RESULTS

Binary logistic regression showed that duration of breast-
feeding and timing of gluten introduction influenced the
risk of CD occurrence in the first year of life. The model
with statistical significance influenced the risk (x* = 16.14;
df = 4; p=0.001), and explained 24.3-32.4% variance. The
only variable with significant prediction was duration of
breastfeeding, which reduced the onset of the disease in
the first year p = 0.039 (OR = 1.43 95%, CI = 1.019-1.899)
(Table 2).

Table 2. Binary logistic regression for the analysis of association be-
tween duration of breastfeeding and occurrence of celiac disease after
the first year in 93 infants diagnosed with classic form of celiac disease

) Exp (B) 95% Cl
Variable B SE p or OR for OR
Durationof 1434310141 | 0010| 1439 | 1.019-1899
breastfeeding

Constant 2369 | 1467 | 0.106 | 0.094

OR - odds ratio; CI - confidence interval; SE - standard error
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Figure 1. Duration of breastfeeding in infants with classic celiac dis-
ease diagnosed in the first and in the second year
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Figure 2. Occurrence of the celiac disease in two groups of infants
based on breastfeeding status during gluten introduction

Since the regression model suggested that timing of glu-
ten introduction was not associated with the postponing
the diagnosis, we compared the two groups of infants based
on the timing of gluten introduction. Although in the first
group (gluten introduced prior to the fourth month) the
onset of the disease was earlier (12.75 *+ 4.15months)
compared with the second group (14.69 + 4.9 months),
there was no significant difference (F = 1.036; p = 0.197)
between them.

Longer breastfeeding was associated with delayed di-
agnosis of CD. Infants with the diagnosis made in second
year were breastfed for 5.27 + 4.68 months, while those
diagnosed in the first year had shorter duration of breast-
feeding (1.63 + 3.99 months) and the difference between
groups was significant (F =5 6.57, t = -4.15; p < 0.01)
(Figure 1).

In the group of infants that were not breastfed at the
time of gluten introduction, the mean age at diagnosis was
13.20 £ 5.01, and in the other group it was 16.31 * 3.99
months, and the age at diagnosis was significantly delayed
into second group (F = 1.671,t=2.39, DF =91, p = 0.029)
(Figure 2).

Also, we found that there was twice as much girls than
boys diagnosed with classic form of CD, but sex did not
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significantly affect age at diagnosis (t = 0.87, DF = 91,
p = 0.39) nor the duration of symptoms (t = -1.33, DF = 91,
p =0.18).

DISCUSSION

CD is one of the most common diseases worldwide with
the prevalence of 1% among Caucasians [8, 9]. Some epi-
demiological studies showed that the prevalence has in-
creased over past decade, with no significant change in
human genome [10]. It points out to the environmental
factors and renews their role in the onset of the disease.

In our study, we found that breastfeeding delayed onset
of CD in infants. Particularly, breastfeeding during gluten
introduction postponed the onset of the disease. According
to our study, timing of gluten introduction did not influ-
ence the occurrence of CD.

A protective effect of breastfeeding on CD has long been
assumed and it occurs through various mechanisms, in-
cluding presence of numerous nonnutritive factors, like
lysozyme lactoferrin, s IgA and others [11, 12]. In addition,
breastfeeding is excellent protection from gastrointestinal
infections and repeated gastrointestinal infections have
been reported to increase the risk of CD [13]. That is why
breastfeeding may confer indirect protection from CD [12,
13]. Some studies point to the importance of continuing
breastfeeding at the time of gluten introduction [11, 14].
Previous retrospective studies suggested a ‘window of op-
portunity’ for primary prevention by introducing gluten be-
tween four and six months of age during which breastfeed-
ing provided a protective effect [14, 15, 16]. Small amount
of gluten in breast milk helps induce oral tolerance, as is the
case with other food allergens [17, 18]. In one recent study,
no protective effect of breastfeeding on the development of
CD was observed, while in another there was no significant
difference in the percentage of children that developed CD
among children that were introduced gluten during breast-
feeding and in those that were not breastfed at the time of
gluten introduction [19, 20, 21].

In our study, the duration of breastfeeding was generally
short, and we cannot be positive about its exclusiveness,
but it obviously delayed the onset of the disease. Today we
know that the type of milk, as well as the mode of the deliv-
ery, antibiotics, and stress of any kind, strongly influences
gastrointestinal microbiota [22, 23]. We did not investigate
the gut microbiota in our participants, but we speculate
that breastfeeding can promote and sustain healthy mi-
crobiome [24, 25]. This healthy pattern, along with other
protective factors in human milk, can promote gluten tol-
erance, and delay occurrence of the disease, even in pa-
tients with strong genetic predisposition [22, 23]. Although
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we are aware that there are studies that claim breastfeed-
ing at the time of gluten introduction is not protective,
in our study we showed that breastfeeding during gluten
introduction postponed the disease, which is important,
because in our group of patients duration of symptoms for
only a few months at the early age was critical for growth,
especially for weight gain.

On contrary to old ESPGHAN recommendation that
gluten should not be introduced before 17 weeks and not
later than at 26 weeks, preferably concurrent with the
period of breastfeeding, new ESPGHAN position claims
that gluten can be introduced to the infant’s diet between
the ages of four and 12 months [15, 16, 25]. The age of
gluten introduction in infants of this age does not seem
to influence the absolute risk of developing CD during
childhood. Those recommendations were based on some
new prospective, randomized trials [19, 21]. We also did
not find the difference in the onset of CD regarding timing
of gluten introduction. In our study, only small number of
participants consumed gluten prior to the fourth months,
and possible in small quantities. Another possible factor,
which we did not take into account, was the amount of
gluten consumed by the infants.

Additionally, in our study, we found that girls were twice
as often affected than boys were which is in accordance to
the fact that CD is autoimmune disease, and shares some
important features with other autoimmune diseases that
are being more prevalent in females than in males [26]. In
addition, in our study, sex did not significantly affect the
age at diagnosis or the duration of symptoms.

It is well known that genetic predisposition, which all
our participants clearly possess, and exposure to gluten
are the two most important factors necessary for CD to
develop [19, 20, 21]. Early nutrition practices have been
studied long and hard, but new studies pointed to other
environmental factors to contribute the CD risk [22, 27].

CONCLUSION

In this study, we found that the duration of breastfeeding,
and breastfeeding at the time of gluten introduction, post-
poned the onset of CD in genetically predisposed children
up to two years old. We did not confirm the timing of
gluten introduction influenced the age of occurrence of
CD in this group of children. Our research is a contribu-
tion to a very complex nature of CD that requires more
investigations not only in the field of genetic predisposi-
tion, but also regarding influence of various nutritive and
nonnutritive environmental factors on its expression.

Conflict of interest: None declared.
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YTuuaj aojerba M BpeMeHa yBoherba rnyTeHa Ha nojasy LeaunjauHe 6onectn Koa

Aeue y3pacTa A0 ABe roauHe

Mapwuja MnageHosuh', Hegerbko Pagnosuh? 3opaH JlekoBuh®#, busbana Bynetnh®s, Bnagummp Pagnosuh?, Cuimwa Jyunh®4,
3opaH lonybosuh’#, JeneHa Pagnosuh’, Mexo MaxmyTtosuhé, JacHa MeTpoBuh!

'3ppaBcTBEHN LieHTap ,BambeBo’, Basbeso, Cpbuja;

2Cpncko neKapcKo ApyLITBO, AKagemuja MeanLMHCKIX HayKa, beorpag, Cp6uja;

3YHuBep3uTeTCKa Aevja knuHuKa, beorpag, Cpbuja;
*YHuBep3uTeT y beorpagy, MeguumHcku dpakyntet, beorpag, Cpbuja;
SKnuHuukm yeHTap KparyjeBal, KnuHuka 3a negujatpujy, Cpbuja;

YHuBep3uTeT y KparyjesLy, GakynTeT MesnLMHCKMX HayKa, KparyjeBal, Cpbuja;
’3aBog 3a 3APaBCTBEHY 3alITUTY pagHuKa KenesHuue Cpbuje”, beorpag, Cpbuja;

80nwra 6onHMLa Hoeu Ma3ap, Hoeu Ma3ap, Cp6uja

CAXETAK

YBoa/Lumn KnacruHu Tvn uenmnjaute 6onectu (L|B) Hajuewhe
Ce jaB/ba KOp AeLie y3pacTa Ao Ase roavHe. Lk oBe ctyanje
je 6vo fa ce ucnuta ga nu pojerbe, NocebHoO Jojere TOKOM
yBohetrba rnyTeHa, u Bpeme yBohetrba rnyTeHa yTuuy Ha nove-
Tak LIB y oBom f06y.

Mertop PeTpocnekTMBHO CMO aHann3npanu MeauLHCKY AOKY-
MeHTauujy 93 aeue, 40 y npBoj 1 53 y Apyroj roanHu, ca Knacmy-
Hom dopmom LB aujarHocTrKoBaHoj y YHMBEP3UTETCKOj A€Yj0j
KnuHuuy y beorpagy namehy 2000. 1 2010. roguHe. [lnjarHosa
LIb 3acHoBaHa je Ha KpuTepujymnuma EBponckor yapyxetba
3a [ievjy raCTpoeHTePOIOrnjy, XenaTonornjy n HyTpuunjy
(ESPGHAN) 13 1989. roguHe.
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Pesynrtatu Tpajarbe NprpogHe NCXpaHe 3HayajHO peaykyje
nojasy LIb y npBoj rognHu xusota (p = 0,039, OR = 1,43, 95%
C1=1,019-1,899). Takohe, npupogHa ncxpaHa y Bpeme yBohera
rnyTeHa 3HaTHO oanaxke nojasy 6onectu (F = 1,671, t = 2,39,
p = 0,029). Bpeme yBohema rnyTeHa Huje yTuuano Ha y3pact
nojase LIb y oBoj rpynu geue.

3aksbyyak pripogHa 1cxpaHa, a nocebHo NprpopHa ncxpaHa
y Bpeme yBohema rnyTeHa, oanaxe nojaBy knacuyHe LIb koa
Jeue y3pacTa o fBe rogvHe. [ose3aHocT nojase Lb n Bpeme-
Ha yBohetba rnyTeHa y 0BOj y3pacHoj rpynu 6onecHuKa Huje
[OKa3aHa.

KmbyuHe peun: KnacmyHa LenujayHa 6onect; feua Ao ABe ro-
OVHe; fojetbe; y3pacT yBohera ryTeHa
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SUMMARY

Introduction/Objective Cesarean section birth rate has been constantly increasing worldwide over the last
decades. The complications of cesarean section that require relaparotomy are rather serious and relatively rare.
The aim of this paper is to present the incidence of surgical complications after Cesarean section at
the Clinic of Gynecology and Obstetrics, Clinical Center of Serbia, Belgrade, Serbia, during a three-year
period (2013-2015).

Methods This is a retrospective study. Data obtained from the medical records/histories were used and
processed according to descriptive statistical methods.

Results During the observed period, relaparotomy was necessary in 29 (0.44%) women who had a CS.
Relaparotomy was performed due to clinically and ultrasonographically evidenced hematoma of the
anterior abdominal wall, retroperitoneal hematoma, hemoperitoneum, and development of hemorrhagic
shock, complete wound dehiscence or diffuse peritonitis. There were no lethal outcomes after CS followed
by these complications at the Clinic of Gynecology and Obstetrics, Clinical Center of Serbia in Belgrade.
Conclusion The incidence of relaparotomy in our study is similar to other tertiary institutions, as well as
the indications for relaparotomy. While generally observed mortality rate after post-cesarean relaparotomy
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in developed countries is 2.7%, in our study there were no lethal outcomes.
Keywords: surgical complications; caesarean section; relaparotomy

INTRODUCTION

Cesarean section (CS) birth rate has been con-
stantly increasing worldwide over the last de-
cades [1]. At the Clinic of Gynecology and Ob-
stetrics, Clinical Center of Serbia in Belgrade,
this rate has increased over the last years from
30% to 37% in 2015. The increase is attributed
to maternal and fetal risk factors, pathological
course of pregnancy, and the obstetricians’ ex-
perience and attitude [2]. More recently, previ-
ous delivery by CS frequently imposes the need
for every subsequent pregnancy to be delivered
in the same way. Maternal morbidity associated
with emergency CS is higher compared to elec-
tive CS, and maternal complications are more
frequent in repeated CS [3].

CS complications requiring relaparotomy
are rather serious and relatively rare. The most
commonly encountered complications of CS are
bleeding and infection [4, 5]. Prolonged labor,
longer time period after rupture of the mem-
branes and greater number of vaginal examina-
tions favor postoperative infections, while some
risk factors for hemorrhage at CS are uterine
atony, placenta previa, placenta accreta, and the
history of previous postpartum hemorrhage [4].

The paper is aimed at presenting incidence
of surgical complications after CS at the Clinic
of Gynecology and Obstetrics, Clinical Center
of Serbia in Belgrade, Serbia, during a three-
year period (2013-2015).

METHODS

The retrospective case study included patients
who underwent relaparotomy during a three-
year period (2013-2015) aimed at management
of complications associated with CS performed
due to relevant indications at the Clinic of Gy-
necology and Obstetrics, Clinical Center of Ser-
bia. Over the aforementioned period, relaparot-
omy was necessary in 29 patients delivered by
CS. Twenty-four women had CS at the Clinic
of Gynecology and Obstetrics, Clinical Center
of Serbia, while five patients were transferred
to our Clinic after CS was performed at some
other maternity hospital in Serbia. Therapeutic
relaparotomy was necessary in all of the afore-
mentioned women due to immediate postop-
erative complications and vital threats.

Indications for relaparotomy, time of onset
of complications, intraoperative findings, and
the type of reintervention were determined.
Postoperative period in the intensive care
unit, blood and blood derivative transfusions,
choice of antibiotic therapy, total duration of
stay in the intensive care unit, total duration
of recovery period, and outcome of treatment
were followed-up.

The obtained data were processed according
to descriptive statistic methods using MS Excel
(Microsoft Corporation, Redmond, WA, USA)
and SPSS Version 10 (SPSS Inc., Chicago, IL,
USA). The investigations were done in accord
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with standards of the institutional committee on ethics.
The data were obtained from the patients’ medical records/
histories. The anonymity of the patients was respected. No
intervention was conducted apart from standard clinical
procedures, in the best interest of patients.

RESULTS

During the 2013-2015 period, 19,511 deliveries were car-
ried out at the Clinic of Gynecology and Obstetrics. CS
was performed in 6,589 women. CS rate was 34%. It was
determined that relaparotomy was necessary in 29 patients
after CS (0.44%). Out of that number, CS was performed
in 24 patients (0.36%) at the Clinic of Gynecology and Ob-
stetrics, Clinical Center of Serbia, while five patients were
transferred to our clinic after CS performed elsewhere in
Serbia. In all the women, CS was performed under general
anesthesia. Patients who had CS at our Clinic were prophy-
lactically treated with nadroparin (2850 IU) starting 10-12
hours after CS and with antibiotics immediately after the
umbilical cord clamping.

The most common indications for CS included previous
CS (in most of the patients it was second CS, while in one
patient is was fifth CS) and twin pregnancy resulting from
in vitro fertilization. In 55% of women, emergency CS was
performed, while in 45% it was an elective CS.

In 12 women who underwent CS, relaparotomy was
performed due to ultrasonographically evidenced hemato-
ma of the anterior abdominal wall. In two of these patients,
postoperative course was complicated by the subfebrile
condition. Relaparotomy was indicated due to retroperi-
toneal hematoma in two patients. In four patients urgent
relaparotomy was performed due to hemoperitoneum and
the development of hemorrhagic shock. Reintervention
was necessitated due to complete wound dehiscence in
seven patients. In one patient, relaparotomy was required
due to the development of diffuse peritonitis, and in one
due to the application of Mikulicz tamponade for the cor-
rection of hemostasis (Figure 1).

The average time between CS and relaparotomy was 143
hours - i.e. approximately 5.9 days. In the case of wound
dehiscence, time to reintervention was approximately 13.2
days, 3.9 days in the case of hematoma. In cases of hemo-
peritoneum and hemorrhagic shock, the average time before
relaparotomy was seven hours, while in the case of diffuse
peritonitis it was 158 hours - i.e. approximately 6.5 days.

In all the cases where hematoma was present, its evacu-
ation, complete abdominal cavity exploration, revision of
hemostasis, and resuture of the anterior abdominal wall
were performed. In two cases, evacuation of hematoma
and resuture of the uterus were sufficient for the correc-
tion of hemostasis. Ligature of the uterine artery was more
frequently needed (in three patients), i.e. ligature of the
hypogastric artery (in two patients). Postpartal hysterec-
tomy with adnexal conservation was required in two cases,
out of which in one case it was accompanied by Mikulicz
tamponade due to iatrogenic injury of the common iliac
artery (Table 1).
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Figure 1. Indications for relaparotomy

Table 1. Type of intervention

Type of intervention n
Debridement and resuture 9

Evacuation of hematoma, exploration of abdominal
cavity, revision of hemostasis and resuture

Suture of the uterus 2
Ligature of the uterine artery
Ligature of the hypogastric artery
Postpartal hysterectomy

Mikulicz tamponade

12(29)

= |hINW

Reintervention was necessary in all five patients admit-
ted to our clinic after CS performed in other institutions.
Indications were the following: wound dehiscence (two
cases), anterior abdominal wall hematoma (two cases),
and diffuse peritonitis associated with the development
of sepsis (two cases). Wound dehiscence with or without
hematoma was resolved by wound debridement and resu-
ture — evacuation of hematoma that was always accompa-
nied by exploration of the abdominal cavity and revision
of the anterior abdominal wall hemostasis. Resuture of the
uterus was performed in one case and in two patients who
developed peritonitis and sepsis, postpartal hysterectomy
with adnexal conservation was mandatory.

In women who underwent relaparotomy due to hemato-
peritoneum or retroperitoneal hematoma, the intraopera-
tive blood salvage / cell saver procedure was followed. This
method is associated with fewer adverse effects compared
to allogeneic blood transfusion. Autologous salvaged blood
provides better quality red blood cells that have not been
subjected to the detrimental effects of blood storage.

In all the patients with massive hemorrhage, the follow-
ing procedures were conducted:

- preservation of intravascular volume, either by in-
traoperative blood salvage, or by using plasma ex-
panders;

- use of antifibrinolytics (tranexamic acid);

— use of tissue adhesives and fibrin glues;

- administration of desmopressin;

- if necessary, inotropic drugs.

Perioperatively, as a relevant method of assessing coagu-

lation, rotational thromboelastometry was used.

In the course of reintervention, the patients received
875 mL of blood and 425 mL of plasma on average, as
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well as 4.6 doses of cryoprecipitate on average. During the
immediate postoperative course, all the patients were on
intensive care units, with their stay averagely lasting 3.2
days, and received over the period additional 405 mL of
blood and 315 mL of plasma on average as well as four
average doses of cryoprecipitates. They were most com-
monly treated with triple antibiotic therapy. All the patients
responded well to the applied measures and all were dis-
charged to outpatient treatment in good general condition.
There were no lethal outcomes.

DISCUSSION

Based on the literature data, relaparotomy rate after CS
ranges 0.2-0.9% [4, 6, 7, 8]. In our study, relaparotomy
was indicated in 0.44% of the patients, which falls within
the range observed in other countries. The difference in
relaparotomy rates in different settings may be explained by
conditions offered by the medical institutions of higher level,
possibilities of appropriate diagnostic measures and moni-
toring in intensive care units, technical and staff potentials
and experience related to the treatment of these patients.
As arule, the rate is lower in tertiary level institutions [5].

Hemodynamic instability as a consequence of suspected
intraabdominal and/or vaginal bleeding is reported to be
the most common indication for relaparotomy after CS,
accounting for approximately 66-68% of the cases [9, 10,
11]. For these reasons, relaparotomy is most commonly
performed within the first five hours of CS, which corre-
sponds to clinical picture of hemodynamic instability [6].
In our study, hemoperitoneum and hemorrhagic shock
were not so common. They were recorded in 15.38% of
all surgically corrected complications of CS, and they were
resolved within 10 hours of CS. Somewhat longer period
of approximately two weeks before treatment is reported
in cases of infected hematomas. In all our studied patients
with wound dehiscence, time to reintervention was ap-
proximately 13 days, while in cases with hematomas it was
approximately four days.

In a large study that included 28,799 patients, relapa-
rotomy was performed after CS in 35 patients for the fol-
lowing indications: intraabdominal bleeding (34.2%), in-
traabdominal hematoma (22.8%), and atony (8.6%) [11].
In a study by Ragab et al. [7], the most common indication
for post-cesarean relaparotomy was internal hemorrhage
(hemoperitoneum) (66.6%), while maternal mortality oc-
curred in 16.6% of the patients. Also, in a study by Huras et
al. [8], hematoperitoneum was the main indication for post-
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CS relaparotomy. On the other hand, the most predomi-
nant indications in our study were hematoma (46.15%)
and wound dehiscence (26.92%), followed by hemorrhagic
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is consistent with our findings. If hysterectomy is necessary
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accompanied by severe bleeding with placenta accreta also
being a significant risk factor [13].

In women who underwent relaparotomy due to hemato-
peritoneum or retroperitoneal hematoma, the intraopera-
tive blood salvage / cell saver procedure was conducted.
This is now standard procedure even for routine cesarean
delivery in tertiary centers [14]. However, current guide-
lines do not support the routine use of cell salvage dur-
ing caesarean section, but its use is considered rational
in women at high risk of hemorrhage or if unanticipated
bleeding develops during CS [15].

Assumption that the duration of CS may be associated
with the higher risk of relaparotomy was not confirmed
in our study [5]. The incidence of maternal mortality af-
ter CS in developed countries (USA) is 13.3 per 100,000
inhabitants, while in vaginal delivery the incidence is 3.6
per 100,000. General incidence of severe complications
associated with CS is 9.2%, with total maternal mortality
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(2013-2015) there were no lethal outcomes after CS at the
Clinic of Gynecology and Obstetrics, Clinical Center of
Serbia in Belgrade.

CONCLUSION

The incidence of relaparotomy in our study is similar to
other tertiary institutions, as well as the indications for
relaparotomy. While generally observed mortality rate after
post-cesarean relaparotomy in developed countries is 2.7%,
there were no lethal outcomes in our study.
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AHppeja Mnuwunh', HeseHa ueau?, TatjaHa Mnuh-MocTtuh', JoBaH buna', BpaHucnas Munowesuh', Munow bacannosuh?

'YHuBep3uteT y beorpagy, MeauumHckn dakyntet, KnuHuuku LeHTtap Cpbuje, KnuHuka 3a ruHekonorujy 1 akylepctso, beorpag, Cpbuja;
2Ynuep3urteT y beorpagy, MeguumHckn dakyntet, UHCTUTYT 3a dapmakonorujy, KMMHUYKY Gapmakonorujy n Tokcukonorujy, beorpag, Cpbuja

CAMETAK

YBoa/Linm bpoj nopohaja nytem Lapckor pesa (LIP) ctanHo ce
noeehaBa LIMPOM CBETa TOKOM NMOC/eAHUX AeLieHuja. Komnau-
KaLmje LLapCKOr pe3a Koje 3axTeBajy pesnianapoToMujy penaTus-
HO Cy peTKe anu nNpuanyHo o36usbHe. Liumb oBor papa je ga ce
noKaxy NHUMAEHLMje XNPYPLLKNX KOMMMKaLmMja HakoH LIP Ha
KnuHuum 3a ruHekonorujy n akylepctso KnmHnykor ueHTpa
Cpbuje y beorpaay Tokom TporoguLirber nepropa (2013-2015).
MeTope Cryavja je an3ajHNpaHa No peTpoCcreKTUBHOM TUMY.
KopuwheHun nopaum aobujeHun cy n3 MeanLMHCKe JOKYMEH-
Taumje n obpaheHn npema fLeCKPUNTUBHUM CTaTUCTUYKIM
meTofama.

Pe3syntatn Tokom mocMaTpaHoOr nepriofa pesnanapoTomuja
je 6una HeonxoaHa Ko 29 (0,44%) xeHa Kop Kojux je paheH
Lapcku pes. PenanapotomMuja je usBpLueHa 360r KIMHUYKM 1
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yNTpacoHorpadCckm foKasaHor xemaTomMa npeaer TpoyLwHor
313, PETPONEePUTOHEANTHOT XeMaToOMa, MHTPaabaoOMUHANHOT
KpBapeta ¥ pa3Boja XeMOParnyHor WoKa, NOoTryHe feXnCLieH-
umje paHe unu andysHor neputoHuTuca. Ha KnuHuum 3a rute-
Konorujy n akylepcrso KnuHuukor LeHTpa Cpbuje y beorpagy
y NpoyyaBaHOM Neproay Huje 61Uno CMpPTHYX UCXOAa YCTeq
Komnnvkaumja LIP.

3aksbyyak VIHUaeHUmja penanapoTomuje y 0BOj CTYAWjU CINY-
Ha je Kao y ApYrMMm TepLujapHIUM YCTaHOBaMa, Kao 1 HAMKaLmje
3a penanapotomujy. leHepanHo rnefajyhin, crona moptanuTeta
nocsne penanapotomuje 36or komnavkauwja LIP y passujeHnm
3em/bama U3HocH 2,7%, AOK Y OBOj CTYAWjY HUje 61no cMpTo-
HOCHMX ncxopa.

KmbyuHe peun: xvpypluke KOMNIVKauuje; Lapcku pes; pena-
napoTomuja
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women

Sada Andrijasevic!, Jelena Dotli¢'? Nebojsa Arsenovic®, Milan Terzi¢*>¢

'Clinical Center of Serbia, Clinic of Obstetrics and Gynecology, Belgrade, Serbia;

2University of Belgrade, Faculty of Medicine, Belgrade, Serbia;

3Lincoln County Hospital, PathLinks Pathology Services, Department of Cellular Pathology, Lincoln, UK;
*Nazarbayev University, School of Medicine, Department of Medicine, Astana, Kazakhstan;

*University Medical Center, National Research Center of Mother and Child Health, Department of
Obstetrics and Gynecology, Astana, Kazakhstan;

University of Pittsburgh, School of Medicine, Department of Obstetrics, Gynecology and Reproductive
Sciences, Pittsburgh, PA, USA

SUMMARY

Introduction/Objective As of recently, an increasing number of premenopausal women is being diag-
nosed with endometrial carcinomas.

The objective of our study was to determine if routinely collected clinical and imaging parameters, imply-
ing on tumor characteristics, are different in pre- and postmenopausal endometrial carcinoma patients,
enabling their appropriate preoperative evaluation.

Methods The study included all patients (n = 209) operated on due to endometrial carcinoma over a
period of three years. The diagnosis was based on histopathological findings of exploratory curettage.
Medical history was taken for all the patients and they were divided regarding menopausal status. On
preoperative ultrasound scan, the endometrial echo pattern was established. The existence of myomas,
adnexal masses, free fluid in the abdomen or uterine cavity was noted. Magnetic resonance imaging
detected the presence of pelvic metastases and tumor spreading into the uterine cavity, myometrium,
cervix, and lymph nodes. Postoperatively, histopathological findings, the tumor stage and grade were
established.

Results The majority of women were postmenopausal and secundiparous. Significantly more patients
were obese, especially the postmenopausal ones (p = 0.001). Most tumors were endometrioid adenocar-
cinomas regardless of menopausal status. Irregular/abnormal bleeding (p = 0.037), presence of ascites
(p = 0.010), obesity (p = 0.046), and lower parity (p = 0.016) correlated with postmenopausal status.
Large exophytic endometrial carcinomas were predominant in younger patients (p = 0.026). Endometrial
carcinomas were significantly more often diagnosed in the Il FIGO stage in premenopausal patients.
There were no other significant differences (endometrial thickness, uterine homogeneity, echogenicity,
tumor infiltration and spreading, histopathological type and grade) between pre- and postmenopausal
endometrial carcinoma patients.

Conclusions Few differences between pre- and postmenopausal endometrial carcinoma patients existed
and the most prominent ones were obesity, parity, irregular/abnormal bleeding, and tumor growth into
the cavity.

Keywords: endometrial carcinoma; menopausal status; BMI; irregular abnormal bleeding; preoperative
evaluation; ultrasound scan and MRI
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mon malignant tumors of the female genital
system. It accounts for about 4% of all ma-
lignancies in women worldwide [1]. Typical
symptoms are irregular/abnormal bleeding and
pelvic pain [2]. So far established risk factors,
such as obesity, impaired lipid and carbohy-
drate metabolism, infertility and low parity, late
onset of menopause and anovulatory cycles, are
related to hyperestrogenism [3, 4].
Occurrence of endometrial carcinoma in-
creases with age and it usually arises in post-
menopausal women. However, as of recently, an
increasing number of younger premenopausal

[1,5].

The differential diagnosis of different path-
ological conditions on the base of secretory
endometrium can be difficult [5]. Good pre-
operative discrimination between benignant
and malignant endometrial proliferations is es-
sential for appropriate therapeutic approach.
In postmenopausal women, vaginal bleeding
and/or endometrial thickness measured by
transvaginal ultrasonography above 5 mm are
considered to be very suspicious of endome-
trial carcinoma and present an indication for
exploratory curettage [6]. However, currently
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there are no algorithms based on clinical, laboratory, and
imaging parameters for the assessment of premenopausal
women that may have endometrial carcinoma.

Moreover, ultrasonographic examination sometimes
has low diagnostic reliability with numerous false positive
findings [7]. Although the exact diagnosis is achieved by
examination of endometrial tissue samples obtained on
fractionated exploratory curettage or hysteroscopy with
endometrial biopsy, detection of malignant invasion of
the myometrium is usually diagnosed by histopathological
analysis only after hysterectomy [8].

The objective of the study was to determine if routinely
collected clinical and imaging parameters, implying on
tumor characteristics [histopathological findings (HP),
grade, stage], are different in pre- and postmenopausal
women, enabling appropriate preoperative evaluation of
different age group patients with endometrial carcinoma.

METHODS

The study included all patients who were operated at
the Clinic of Obstetrics and Gynecology, Clinical Center
of Serbia, over a three-year period (January 1, 2011 to
December 31, 2013) due to endometrial carcinoma. The
initial diagnosis and the decision for operative treatment
were based on HP of exploratory curettage that all patients
had either due to irregular/abnormal bleeding or endome-
trial thickening registered by ultrasound on a regular gy-
necological check-up. Upon admission for operation, the
standard medical history [irregular/abnormal bleeding,
age, parity, menopausal status and the age of menopause,
the use of hormone replacement therapy or tamoxifen,
comorbidities like breast carcinoma, hypertension, diabe-
tes mellitus, etc.] was taken for all patients and their body
mass index (BMI) was calculated. Preoperatively, all the
patients had a detailed trans-vaginal ultrasound (TVUS)
scan with the measurement of endometrial thickness. The
homogeneity and echogenicity of the uterine tissue were
evaluated. The existence of myomas and adnexal masses
were noted. The presence of free fluid in the abdomen
(ascites) as well as in the uterine cavity was also regis-
tered. Furthermore, the patients underwent the magnetic
resonance imaging (MRI) of the pelvis. By analyzing the
MRI images, we determined tumor spreading into the
uterine cavity, the myometrium, the cervix, and the lymph
nodes, as well as the presence of pelvic metastases. Post-
operatively, HP of the tumor (type, grade, and stage) were
analyzed. Staging was performed according to the new
International Federation of Gynecologist and Obstetri-
cians (FIGO) classification. All the women were divided
regarding their menopausal status and the obtained data
was analyzed accordingly.

Upon admission to hospital, all the women gave in-
formed consent to all the diagnostic and therapeutic proce-
dures required for this study, as well as to their enrolment
in the study sample. Study procedure was performed in
accordance with the ethical standards and it was approved
by the Clinic Ethics Committee.
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For the statistical analysis, we used methods of descrip-
tive and analytical statistics (percentages, x> test, Kruskal-
Wallis nonparametric ANOVA, Spearman correlation, bi-
nary linear regression) and IBM SPSS Statistics, Version
20.0 (IBM Corp., Armonk, NY, USA).

RESULTS

The study involved 209 women who were operated on due
to endometrial carcinoma at the Clinic for Obstetrics and
Gynecology, Clinical Center of Serbia, throughout a period
of three years (2011-2013).

In the examined population we registered signifi-
cantly more postmenopausal (168; 80.4%) than pre-
menopausal (41; 19.6%) women with endometrial carci-
nomas (x> = 77.172; p = 0.001). The majority of patients
(n = 83; 39.71%) were in their 60s, with an average age of
63.41 + 9.92 years (min. = 36; max. = 85). The mean
BMI of investigated patients was 28.70 + 5.42 (min. = 17;
max. = 40.9; premenopausal BMI 28.97 + 6.66; postmeno-
pausal BMI 28.63 + 5.1). Significantly more women were
obese (BMI > 25 kg/m?), especially in the postmenopausal
group. The majority of women of both groups had two
births and no abortions (Table 1).

Significantly more patients neither had previously di-
agnosed breast carcinoma nor administered therapy for it.
Only nine women had ever used hormonal replacement
therapy. Investigated patients mostly did not have other co-
morbidities, but hypertension was very frequent. The major-
ity of patients had irregular/abnormal bleeding. This was
especially prominent for postmenopausal women (Table 1).

The mean endometrial thickness on preoperative TVUS
scan was 12.21 + 8.46 mm (min. = 3 mm; max. = 39 mm;
premenopausal 13.45 + 10.8; postmenopausal 11.91 + 7.79).
Significantly more women had pathologically increased en-
dometrial thickness regardless of their menopausal status
(Table 2). Most tumors had exophytic growth filling the
uterine cavity. On TVUS scan, significantly more both pre-
and postmenopausal women had homogenous but hyper-
echogenic endometrial presentation (Table 2). Significantly
more women, regardless of their menopausal status, neither
had TVUS findings of fluid in the uterus or abdomen, nor
pelvic metastases, myomas or adnexal tumors on MRI. Myo-
metrium was usually infiltrated less than one-third of its
thickness in both investigated groups (Table 2).

Four different histopathological diagnoses of endome-
trial carcinomas were registered. The majority of tumors
were endometrioid adenocarcinomas regardless of meno-
pausal status. Nevertheless, there were no cases of carcino-
sarcoma and clear cell carcinomas in the premenopausal
group. The majority of carcinomas in postmenopausal
women were in FIGO stage I with grade G1, NG1, while
in the premenopausal group endometrial carcinomas were
mostly registered in stage II and their predominant grade
was G2, NG2 (Table 3).

Having irregular/abnormal bleeding, obesity and
lower parity were significantly positively correlated with
postmenopausal status. Ascites registered by MRI was
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Table 1. Frequency of assessed characteristics in pre- and postmenopausal women and the significance of differences between tested parameter

categories in the group

Premenopausal women

Postmenopausal women

Total population

Parameter Category Number % Number % Number %

appropriate 15 36.6 37 22 52 24.9

Body mass index obesity 26 63.4 131 78 157 75.1
p 0.086 0.001 0.001

no 14 34.1 32 19 46 22

g{:gé’i'sg abnormal yes 27 659 136 81 163 78
p 0.042 0.001 0.001

0 6 14.6 29 17.3 35 16.8

1 15 36.6 40 23.8 55 26.3

Parity 2 13 31.7 87 51.8 100 47.8

3 and more 7 17.1 12 7.1 19 9.1
p 0.125 0.001 0.001

no 38 92.7 157 935 195 933

Breast carcinoma yes 3 7.3 11 6.5 14 6.7
p 0.001 0.001 0.001

no 40 97.6 157 93.5 197 94.3

Tamoxifen use yes 1 24 11 6.5 12 5.7
p 0.001 0.001 0.001

no 36 87.8 164 97.6 200 95.7

Hormonal substitution yes 5 12.2 4 24 9 43
p 0.001 0.001 0.001

no 25 61 59 35.1 84 40.2

HT 8 19.5 73 435 81 38.8

Comorbidities diabetes mellitus 1 24 6 3.6 7 33

both HT / DM or other 7 17.1 30 17.9 37 17.7
p 0.001 0.001 0.001

p - difference between categories of tested parameter in the group; HT - hypertension; DM - diabetes mellitus

Table 2. Examined parameters of tumors in pre- and postmenopausal women and the significance of differences between tested parameter

categories in the group

Premenopausal women Postmenopausal women Total population
Parameter Category
Number % Number % Number %
no 13 31.7 75 44.6 88 42.1
Homogeneity on TVUS yes 28 68.3 93 55.4 121 57.9
p 0.019 0.165 0.001
normal 16 39 74 44 90 431
Echogenicity on TVUS hyper 25 61 94 56 119 56.9
p 0.160 0.123 0.001
<5mm 9 22 36 21.4 45 21.5
Endometrium on TVUS >5mm 32 78 132 78.6 164 78.5
p 0.001 0.001 0.001
. no 29 70.7 137 81.5 166 79.4
IOL:]f.:.li/ISS yes 12 29.3 31 18.5 43 20.6
p 0.008 0.001 0.001
no 31 75.6 129 76.8 160 76.6
2":%'}‘55 yes 10 244 39 232 49 234
p 0.001 0.001 0.001
no 36 87.8 150 89.3 186 89
TA\‘/’G‘;XZ’" tumoron yes 5 12.2 18 10.7 23 11
p 0.001 0.001 0.001
. no 33 80.5 157 93.5 190 90.9
ﬁrﬂt\?ﬁs yes 8 195 1 6.5 19 9.1
p 0.001 0.001 0.001
without tumor 10 244 73 435 83 39.7
Uterine cavity MRI filled with tumor 31 75.6 95 56.5 126 60.3
p 0.001 0.001 0.001
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Premenopausal women Postmenopausal women Total population
Parameter Category
Number % Number % Number %
benignant 28 68.3 115 68.5 143 68.4
Cervix on MRI malignant cells 13 31.7 53 315 66 316
p 0.019 0.001 0.001
benignant 35 85.4 150 89.3 185 88.5
Lymph nodes on MRI malignant cells 6 14.6 18 10.7 24 1.5
p 0.001 0.001 0.001
no 35 85.4 155 92.3 190 90.9
MRI pelvic metastases yes 6 14.6 13 7.7 19 9.1
p 0.001 0.001 0.001
unaffected 4 9.8 13 7.7 17 8.1
) <1/3 23 56.1 105 62.5 128 61.2
mzi’tgzg'n“;“n VR 1/3-2/3 13 31.7 45 26.8 58 27.8
whole 1 24 5 3 6 29
p 0.001 0.001 0.001

TVUS - transvaginal ultrasound; MRI - magnetic resonance imaging; IU - intrauterine

Table 3. Postoperative diagnoses of tumors in pre- and postmenopausal women and the significance of differences between tested parameter

categories in the group

Premenopausal women Postmenopausal women Total population
Parameter | Category
Number Number % Number %
G1,NG1 17 41.5 75 44.6 92 44
G1,NG2 21 51.2 63 37.5 84 40.2
Tumor G2, NG1 2 49 17 10.1 19 9.1
grade G2,NG2 1 24 10 6 1 53
G2,NG3 0 3 1.8 3 1.4
P 0.001 0.001 0.001
la 1 26.8 38 226 49 234
Ib 4 9.8 36 214 40 19.1
Ic 1 24 21 125 22 10.5
lla 14 34.1 30 17.9 44 21.1
FIGO stage |llb 7 171 19 1.3 26 124
Illa 1 24 14 83 15 7.2
b 2 49 3 1.8 5 24
llic 1 24 4.2 8 3.8
p 0.001 0.001 0.001
Endometrioid adenocarcinoma 39 95.1 150 89.3 189 90.4
Carcinosarcoma 5 3 5 24
HP DG Adenosquamous carcinoma 2 4.9 4.8 10 4.8
Clear cell carcinoma 3 5 24
p 0.001 0.001 0.001

HP DG - histopathological diagnosis; p - difference between categories of tested parameter in the group

significantly more frequent in postmenopausal women,
while exophytic growth of endometrial carcinoma that
filled out the uterine cavity was usually seen in younger
patients. Moreover, FIGO stage was more advanced in
premenopausal women. There were no other significant
correlations or differences in examined parameters be-
tween pre- and postmenopausal endometrial carcinoma
patients (Table 4).

A significant equation was constructed that shows
which clinical, TVUS, and MRI parameters assessed to-
gether can be used for differentiation between pre- and
postmenopausal women with endometrial carcinoma
(B =1.410; Wald = 65.558; Exp (B) = 4.098; R? Nagelker-
ke = 0.252; total classification = 67.3%; x* = 36.015;
p =0.011). According to the obtained model, the strongest
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differences are in irregular/abnormal bleeding (p = 0.023),
parity (p = 0.004), and tumor growth into the cavity
(p = 0.035).

DISCUSSION

Endometrial carcinoma is usually registered in women
older than 60 years [9]. This finding is consistent with our
study, in which the average age of patients was 63 years.
Still, the youngest patient was only 36 years old.

In some reports, older age, tumor grade, involvement of
the lower uterine segment and lymphovascular infiltration
were proven as significant predictive factors of endome-
trial malignancy, influencing also the patient’s survival [9].
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Table 4. Correlations and differences between investigated parameters
regarding the menopausal status (pre- and postmenopausal) of
women with endometrial carcinoma

Correlations Differences
Parameters
Spearmanp| p KW x? p

Body mass index 0.111 0.046 | 0.026 | 0.871
Irregular/abnormal bleeding 0.145 0.037 | 4.356 | 0.037
Breast carcinoma -0.012 0.861 | 0.031 | 0.860
Tamoxifen use 0.070 0.313 | 1.023 | 0.312
Comorbidities 0.158 0.023 | 5.165 | 0.023
Parity -0.166 0.016 | 5730 | 0.017
Endometrium mm TVUS -0.026 0.704 | 0.145 | 0.703
Homogeneity on TVUS -0.104 0.134 | 2.251 | 0.133
Echogenicity on TVUS -0.040 0.563 | 0.338 | 0.561
1U fluid on TVUS -0.106 0.126 | 2.348 | 0.125
Myoma on TVUS -0.011 0.874 | 0.025 | 0.874
Adnexal tumor on TVUS -0.019 0.787 | 0.073 | 0.786
Pelvic metastases -0.095 0.170 | 1.887 | 0.170
Ascites on TVUS 0.179 0.009 | 6.671 | 0.010
Growth in uterine cavity -0.155 | 0025 | 4978 | 0026
Cervix spreading on MRI -0.001 0.984 | 0.000 | 0.984
Lymph nodes on MRI -0.049 0.483 | 0.496 | 0.481
Myometrium on MRI -0.019 0.789 | 0.072 | 0.789
Tumor grade 0.025 0.715 | 0.134 | 0.715
FIGO stages (I, I, I1) -0.038 0.581 | 6.607 | 0.037
HP DG 0.079 0.258 | 1.287 | 0.257

HP DG - histopathological diagnosis; TVUS - transvaginal ultrasound;
MRI - magnetic resonance imaging; IU - intrauterine; HRT - hormone
replacement therapy; KW - Kruskal-Wallis

Studies also confirmed that myometrial invasion, tumor
diameter, cervical stromal invasion, and lymphovascular
space invasion were the most important parameters for
preoperative evaluation and therapy type determination
in patients with endometrial malignancies [10].

According to the literature data, only a few studies have
evaluated the influence of risk factors for endometrial car-
cinoma in women of different ages (younger — premeno-
pausal, and older - postmenopausal). Early menarche and
nulliparity were correlated with increased endometrial
carcinoma risk in premenopausal, but not in postmeno-
pausal women in some investigations. Late menopause
showed a stronger association with endometrial carcinoma
in older (over 65 years) than in premenopausal patients
[11, 12]. Parity in the population we tested was found to
be a significant predictive factor for malignancy only in
postmenopausal women.

Women with elevated endogenous estrogen levels have
an increased risk of endometrial carcinoma. The diagno-
sis of polycystic ovarian syndrome has been made in up
to 30% of cases with endometrial carcinoma in selected
groups of premenopausal women [12]. Obesity was con-
tirmed through numerous studies as the main risk factor
for endometrial carcinoma [11, 12]. Some authors suggest
that this association is consistent only for postmenopausal
women, while others confirmed correlation in premeno-
pausal women as well [12]. In obesity, there is an increased
level of free estrogen due to increased conversion of fatty
tissues from androstenedione. Estrogen leads to chronic
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proliferation of endometrial cells, increasing the risk of
carcinoma occurrence [13, 14]. In our population, 75% of
the patients were obese (BMI > 25), indicating that being
overweight raises the risk of endometrial malignancy. Still,
the obesity was proven as endometrial carcinoma risk fac-
tor only for postmenopausal patients.

Although the histopathological assessment of the en-
dometrial biopsy remains the gold standard, TVUS is
considered to be the first step in any woman presenting
with abnormal uterine bleeding [15]. A thin and regular
endometrial line clearly visualized throughout the uterus
is associated with a very low risk of endometrial carci-
noma. Some authors believe that if endometrium is thinner
than 5 mm measured by TVUS even with postmenopausal
bleeding, the risk for carcinoma is low but not ruled out,
especially in cases of persistent bleeding [16]. The value of
TVUS in symptomatic premenopausal women and those
using hormone substitution therapy is lower because the
endometrial thickness regularly varies with changes of hor-
mones during cycle. The data we obtained confirm previ-
ous findings which have shown that endometrial thickness
above 5 mm in women with postmenopausal bleeding can
be considered an accurate diagnostic parameter of endo-
metrial malignancy [6]. However, there were no significant
differences in endometrial thickness of pre- and postmeno-
pausal women with endometrial carcinoma.

MRI is an important imaging modality in the preopera-
tive assessment of endometrial carcinoma patients provid-
ing valuable data regarding lesion location and qualitative
information for preoperative staging [17, 18]. MRI is able
to accurately predict (sensitivity and specificity above
85%) cervical involvement in endometrial carcinoma
patients and allows an adequate treatment decision [17,
19]. Some authors believe that reliability of MRI is better
in the postmenopausal than in premenopausal women
[18]. MRI findings in our population were mostly similar
(echogenicity, homogeneity, endometrial thickness, level of
cervical and myometrial invasion at the time of diagnosis,
etc.) between pre- and postmenopausal women.

According to some available literature data, tumor vol-
ume influences the rate of endometrial carcinoma progres-
sion [20]. Based on our results, the size of tumor within the
uterine cavity measured by MRI (filling the whole cavity)
was confirmed to be a relevant parameter in premeno-
pausal patients.

Some researchers have shown that positive peritoneal
fluid cytology represents a marker for shorter time to
recurrence of the disease and decreased survival rate of
patients with endometrial carcinoma [21]. In the study
population, only a few patients had ascites and enlarge-
ment of lymph nodes. Nevertheless, free fluid in the ab-
dominal cavity seen by MRI was registered more often in
the postmenopausal women.

Even though in the overall tested population the major-
ity of carcinomas were diagnosed in early stages, numer-
ous carcinomas in premenopausal patients were at FIGO
stage II at the time of diagnosis. This might be due to the
fact that irregular/abnormal bleeding in younger women
is occasionally misdiagnosed and inappropriately treated.
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CONCLUSION

We confirmed that endometrial carcinoma is significantly
more frequent in postmenopausal than in premenopausal
women, while endometrioid adenocarcinoma is the most
frequent histopathological diagnosis regardless of the
menopausal status. There are few differences in endo-
metrial carcinoma presentation/characteristics between
pre- and postmenopausal patients. The presence of ascites
was more frequent in postmenopausal women, while large
exophytic endometrial carcinomas were predominant in
younger patients. Endometrial thickness, uterine homoge-
neity, echogenicity, tumor infiltration and spreading at the
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Pasnuke Yy I1pe3EHTaLI,MjM N KapaKTepucTtukama KapuuHoma er,omeTpijma KoA

KEHa y npemeHonay3u 1 NoCTMeHonay3u

Cawa AHgpvjawesuh’, JeneHa Jotinh'? Hebojwa ApceHosuh?, MunaH Tepauh*>6
'KnuHnukmn ueHtap Cpbuje, Knhnka 3a ruHekonorujy v akywepctso, beorpag, Cpbuja;

2Ynueepautet y beorpagy, MeanunHcku pakyntet, beorpag, Cpbuja;

30Okpy»Ha 6onHuLa, Operberbe LenynapHe natonoruje, Cnyx6a natonoruje Path Links, JluHkonH, Benuka bputanuja;
*YHnBep3uTeT,Hazapbajes’, MeauumHckn dakyntet, Ofemerbe MeauumHe, ActaHa, KasakxcraH;
YHVBEP3UTETCKI MEAULIMHCKI LieHTap, HaLMOHanHM MCTpaXuBauKy LEHTap Majke 1 aeTeTa, KnnHrKa 3a r’MHEKONOr1jy 1 akyLLepCTBo,

AcTaHa, Ka3akxcTaH;

SYHuBep3uTeT y Mutcypry, MeanumHcki dakynteTt, KnnHuKa 3a rHEKONOT W]y, aKyLepCTBO U PeNpodyKTHBHE Hayke, Mutcbypr,

MeHcunsanuja, CAZL

CAXETAK

Yeoa/Llum Y nocneatbe Bpeme KapLMHOM eHAOMETPUjyMa ce
IUjarHoCTUKyje kop cBe Beher 6poja xeHa y npemeHomnay3u.
Linmb cTyauje je 6uo aa ce yTBpAYM fa v Cy PYTUHCKM NPUKYT/be-
HW KIIMHWYKIW 11 imaging napameTpy, Koju MOTy fia yKaxKy Ha Ka-
paKTepUCTNKe TYMOPA, Pa3nnunTy KoA 6onecH1La ca KapLyHo-
MOM EHLIOMeTpUjyMa y MpeMeHonay3u 1 NoCTMeHoMay3u, LUTO
611 oMoryhino kIUXoBY NPaBUITHY NPEOMNEPATUBHY NPOLIEHY.
MeTtope Cryauja je obyxBaTtuna ce 6onecHuue (n = 209) one-
pucaHe 360r KapyMHOMa EHLOMETPUjyMa TOKOM TPW FrOAVHe.
[njarHo3a je 3acHOBaHa Ha XV1CTOMATONOLWIKIM Hana3nma eKc-
nnopaTmMBHe KupeTaxe. 3a cBe 6oecHuLe y3eTa je AeTambHa
aHaMHe3a 1 OHe Cy NoferbeHe Npema CBOM MeHOMay3HOM CTa-
Tycy. Ha npeonepaTtviBHOM ynTpa3By4YHoM npernegy ogpeheH
je,,exo obpasau” eHgomeTpujyma. PernctpoBaHo je noctojare
MVOMa, afHEKCaNHMX Maca, cIobofHe TeUHOCTUN Yy abaomeHy
Un y KaBymy yTepyca. MarHeTHOM pe3oHaHL oM AeTEKTOBAHO
je MprcycTBO MeTacTasa y Manoj Kap/vum v Wrpere Tymopa
Ha KaByM yTepyca, MruomeTpujym, rpavh n numeHe usopose.
MocTonepaTnBHO cy oapeheH XMCTONATONOLLKY TUT, CTagW]yM
1 rpagyc Tymopa.

Pe3syntatu BehuHa 6onecHuua cy bune y noctmeHonaysm u
ceKkyHamnape. 3HauajHo BuLe 6onecHuLa cy 6une rojasHe, Ha-

pouuTo y noctmeHonaysu (p = 0,001). BehiiHa Tymopa cy 6unu
€HOOMEeTPVOMAHN afeHoKapLHomMy 6e3 063rpa Ha MeHonMa-
y3HU cTaTyc. HepepoBHo/abHopMmanHo KpBapeme (p = 0,037),
npucycTBo acyuteca (p = 0,010), rojasHocT (p = 0,046) 1 HUXK
naputer (p = 0,016) 6unu cy noBe3aHn ca NOCTMEHOMNAY3HUM
CTaTycoMm. Benukm ersoputnyHn KapumHoMn eHaoMeTpujyma
61Ny cy JOMVHaHTaH Hana3 kog mnahux 6onecHuua (p = 0,026).
KapumHom eHfomeTpumjyma je 3HauajHO Yelwhie fnjarHOCTUKO-
BaH y FIGO ctapmjymy Il kog 6onecHuua y npemeHonaysu. Huje
61no Apyrux 3HauyajHUX pasnuka (DebsbrHa eHgoMeTpUjyma,
XOMOTeHOCT 1 eXOreHOCT MaTepuLie, TyMopcka MHuntpauuja
W LUMPEHE, XMCTOMATOSOLKM TUR 1 Fpaayc) namehy 6onecHnua
Ca KapLVHOMOM eHAMeTpurjyMa y mpemeHonaysu 1 noctme-
Homay3u.

3akmyuak Mane pasnvke cy noctojane nsmehy 6onecHuua
Ca eHAOMeTpYjaiHUM KapLHOMOM Yy NMpemMeHomnay3u 1 nocT-
MeHoMnay3Wu, a HajaHauajHuje cy 6une rojasHocCT, napuTeT, Hepe-
BOBHO/abHOPMANHO KpPBapeHe 1 PacT TYMOpa Ka MaTeprYHOj
LWYM/BbUHU.

KrbyuHe peun: KapLyiHOM EHAOMETPYjyMa; MEHONMAy3HW CTa-

TyC; UTM; nperynapHo KpBapete; npeonepaTtnBHa NpoLieHa;
YATPa3BYyYHW Npernes N MarHeTHa pe3oHaHua
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SUMMARY

Introduction/Objective To present and compare maternal and neonatal effects of two remifentanil
dosing regimens, used during induction-delivery period of elective caesarean section in attempt to at-
tenuate maternal cardiovascular response to surgical stress.

Methods Seventy-seven ASA I-Il parturients were randomly divided into three groups and received the
following: A - 1 pg/kg remifentanil immediately before the induction to anesthesia followed by 0.15 pg/
kg/min infusion, interrupted after skin incision; B - 1 pg/kg remifentanil bolus immediately before the
induction; C - no remifentanil until delivery. Hemodynamic (blood pressure, heart rate) and bispectral
index changes after endotracheal intubation, skin incision, peritoneal incision and delivery, intraoperative
anesthetics consumption and neonatal outcome have been compared between the groups.

Results Hemodynamic response to intubation was significantly attenuated (p < 0.001) in groups A and B
compared to C. Hemodynamic response to skin incision, peritoneal incision and delivery was significantly
attenuated in group A compared to B and C. Thiopentone dose in groups A and B was lower than in
group C (p < 0.001); sevoflurane and remifentanil consumption was less in group A compared to B and C
(p < 0.001). Apgar scores at 1st minute were > 8 in all neonates, with no differences in neonatal heart
rate, oxygen saturation and umbilical blood gas values (all within normal range).

Conclusion 1 ug/kg remifentanil bolus followed by 0.15 ug/kg/min stopped after skin incision, successfully
blunted maternal hemodynamic stress response throughout whole induction-delivery period, reduced
anesthetic consumption, without affecting neonatal outcome, so it can be considered effective as well

as safe to use during induction-delivery period of caesarean section.

Keywords: anesthesia; obstetrical; remifentanil

INTRODUCTION

When performing general anesthesia for cae-
sarean delivery, anesthetists can experience
conflicting situation called “the dilemma of
obstetrics anesthesia.” It is important to ensure
an appropriate maternal level of anesthesia,
while avoiding neonatal respiratory depres-
sion caused by the medications that parturient
receives [1, 2]. Resolving the problem of neona-
tal well-being by reducing as much as possible
doses of anesthetics given to the mother and
omission of opioids during induction to deliv-
ery period (I-D), result in light anesthesia with
increased risk of intraoperative awareness and
exaggerated neuroendocrine stress response to
surgical stress, possibly leading to severe car-
dio- and cerebrovascular complications [1-5].
Remifentanil, ultra-short acting synthetic opi-
oid, could be the appropriate drug to use for
the attenuation of maternal stress response dur-
ing the I-D interval, where a brief but intense
analgesia without prolonged effect is desirable
[2, 4, 6-9]. Remifentanil has rapid onset of ac-
tion (1-1.5 min.), rapid redistribution and me-
tabolism dependent on nonspecific tissue and
plasma esterases; its context sensitive half time

is three min; it crosses the placenta, but appears
to be rapidly metabolized and redistributed in
the fetus, leaving the small possibility of neo-
natal adverse effects [2, 4, 7, 9, 10].

In studies reporting the use of remifentanil
during the I-D period dosing regimens were
different; hemodynamic stability was often
achieved at the expense of neonatal respira-
tory depression [2, 4, 6-9, 11-16]. In the pres-
ent study, we investigated the effects of two
remifentanil dosing regimens, used during the
I-D period, on maternal hemodynamics and
neonatal outcome in attempt to find the best
compromise between the attenuation of mater-
nal stress response and avoidance of neonatal
adverse effects.

METHODS

The study was institutionally approved and
has Medical faculty of Ni§ Research Ethics
Committee approval No 12-2466-1. Seventy-
seven ASA physical status I-II women with
singleton term pregnancy, who were scheduled
for elective caesarean section and have given
written informed consent, were enrolled in this
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prospective, randomized controlled study, per-

il d DAP
formed at Clinic of Gynecology and Obstetrics = Y = e . =
Ni§, from April 2015 until July 2017. Exclusion o] F N
criteria were maternal morbidity and signs of ™ kY
fetal compromise. All patients refused or had i'” — “"\
absolute/relative medical contraindications to s

regional anesthesia.
In the operating room, patients were placed
supine with left uterine displacement, standard

o]

Bl

monitoring — non-invasive blood pressure, elec-
trocardiography, pulse oxymetry, capnography

(using bed side monitor, model BSM-2301Kk, Ni-
hon Kohden Corporation, Tokyo, Japan) and
bispectral index (BIS) electroencephalogram
(BIS-Vista monitoring system Norwood, Mas-
sachusetts, USA) was initiated and two intrave-
nous lines established, one for remifentanil in-
fusion (using Perfusor fm B/Brown, Melsungen
AG, Germany), the other for the administration
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of other medications and fluids.

Patients were randomly allocated (using en-
velope method) to one of the following groups:
1. A - 31 patients received 1 pg/kg remifen-
tanil bolus over 30 seconds immediately
before the induction, followed by 0.15 pg/
kg/min infusion that was stopped after the

skin incision.

2. B - 27 patients received 1 pg/kg remifen-
tanil bolus over 30 seconds immediately before the
induction

3. C (control) — 19 patients did not receive remifentanil
until delivery of the baby.

Anesthesia was induced with thiopentone, starting with

3 mg/kg, followed by additional 25 mg boluses until ad-
equate depth of anesthesia had been reached (BIS values
under 60, but not below 40); succinylcholine was admin-
istered in a dose of 1.5 mg/kg. Anesthesia was maintained
with 1-1.5% end-tidal sevoflurane and 50% nitrous oxide
in oxygen. Further muscle relaxation has been provided
with rocuronium 0.6 mg/kg. The lungs were mechanically
ventilated to maintain end-tidal PCO, of 28-32 mmHg,
with fresh gas flow of 6 [/min.

SAP, DAP, MAP (systolic, diastolic, main arterial pres-
sure, respectively), HR (heart rate) and BIS were measured
and recorded at basal time (T0) and 30 seconds after in-
duction to anesthesia (T1), endotracheal intubation (T2),
skin incision (T3), peritoneal incision (T4), delivery (T5)
and also in two-minute intervals from the delivery until
the end of operation.

After delivery, neonatologist blinded to group assign-
ment assessed neonates and recorded the time to sustained
respiration, Apgar score at 1st and 5th minute, HR, SpO,
and, if required, resuscitative measures (tactile stimulation,
beg-mask ventilation, endotracheal intubation or naloxone
administration). We took arterial and venous blood samples
(in heparinized syringes) from a double-clamped umbilical
cord, for blood gas analysis (using Gem Premier 3000 Blood
Gas/ Electrolyte Analyzer, Model 5700, Instrumentation
Laboratory Company, Bedford, Massachusetts, USA).

Figure 1. Serial systolic, diastolic, main arterial pressure and heart rate measure-
ments — from TO to T5; SAP — systolic arterial pressure; DAP - diastolic arterial pres-
sure; MAP - main arterial pressure; HR - heart rate; TO - basal values; T1 - induc-
tion of anesthesia; T2 — intubation; T3 - skin incision; T4 — peritoneal incision; T5
- delivery; group A - remifentanil bolus + infusion; group B — remifentanil bolus;
group C - control

In the later course of the operation, sevoflurane and
remifentanil were titrated according to BIS values and
presence/absence of signs of intraoperative surgical stress
(autonomic, somatic, hemodynamic). Sevoflurane and
nitrous oxide were discontinued at the moment of skin
closure, residual neuromuscular block antagonized using
neostigmine and atropine, and remifentanil infusion rate
reduced to 0.07 pug/kg/min. The trachea was extubated
when spontaneous respiratory rate reached > 10 breaths/
min., end-tidal CO, < 45 mmHg and the patient became
responsive to verbal commands. Remifentanil infusion was
then stopped. The presence of intraoperative awareness
was checked two and 24 hours after the operation by using
Brisce questionnaire: What is the last thing you remember
before you slept? What is the first thing you remember
when you woke up? Do you remember anything between
sleeping and waking up? Did you dream of anything dur-
ing the sleep period of your operation? [5].

Our main goal was to compare between groups the
remifentanil effect on changes of maternal hemodynamic
values during I-D period and on neonatal outcome.

Our second goal was to study the influence of remifen-
tanil on anesthetics consumption

Statistical analyses

The calculation of sample size showed that 15 patients per
group would have 90% power with p < 0.01 to detect a
difference in SAP of 15 mmHg in response to intubation.

Statistical analysis was performed using SSPS statistic
package, version 13 (SPSS Inc., Chicago, IL, USA). Normal
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Table 1. Parturients’ characteristics and surgical details

Group A Group B Group C
Parameters n=31 n=27 n=19 F p
Age (years) 31744446 | 31,22+522 | 30.89+1.04 | 0.202 | 0.818
mean * SD
Gestation (weeks) 3894+072 | 39.04+1.09 | 3947+09 |2.1620.122
mean * SD
Weight (kg) 771941327 | 8237+9.52 |79.26+11.84 | 2216 | 0.918
mean + SD
I-D interval (minutes)
11.22+1.67 | 10.04+1.81 1037+ 1.71 | 3.639 | 0.131
mean + SD
U-Dinterval (seconds) | 5 39, 1803 | 58+14.92 |6042:+2225 | 0.165 | 0.848
mean + SD
F — ANOVA; I-D interval induction - delivery interval; U-D interval — uterine incision
delivery interval; SD - standard deviation
Table 2. Hemodynamic variables at TO (basal)
Group A Group B Group C
Parameters n=31 n=27 n=19 E p
SAP 13242 +£15.05 | 132.19+£10.53 | 131.74 + 10.08 0.018 0.982
mean + SD
DAP
8390+11.61 | 83.81+9.78 | 77.63+12.07 2.246 0.113
mean +SD
MAP
100.48 +14.08 | 100.11 £9.28 | 96.47 +11.58 0.818 0.445
mean + SD
HR 101.48 £ 16.01 | 98.18 £ 13.49 | 98.84 + 14.62 0.397 0.674
mean + SD

F — ANOVA; SAP - systolic arterial pressure (mmHg); DAP - diastolic arterial pressure (mmHg); MAP
- main arterial pressure (mmHg); HR - heart rate (beats per minute); SD - standard deviation

Table 3. Hemodynamic variables at T1 (after induction)

Group A Group B Group C Post
RIS n=31 n=27 n=19 3 P hoc
SAP 110.03+14.16 | 107.14+£12.59 | 116.89+9.93 [3.364|0.004| ¢
mean = SD
DAP
67.93+10.99 | 71.28+10.51 75311146 |2313|0.106
mean + SD
MAP
85.8+13.21 84.22+13.01 | 91.05+13.17 | 1.59 | 0.211
mean + SD
HR 97.06 +9.88 94.7 £9.96 103.15+11.64 |3.819|0.026 | ¢
mean + SD
F — ANOVA; c - B vs. C; SAP - systolic arterial pressure (mmHg); DAP - diastolic arterial
pressure (mmHg); MAP — main arterial pressure (mmHg); HR - heart rate (beats per minute);
SD - standard deviation
Table 4. Hemodynamic variables at T2 (after intubation)
Group A Group B Group C Post
GEELEEE n=31 n=27 n=19 3 P hoc
SAP 119.61+£13.95(121.89+13.82| 149+14.5 |29.302|<0.001| b.c
mean = SD
DAP
75.71+£12.93 | 81.56+10.65 | 98.21+15.01 | 18.75 | <0.001 | b.c
mean + SD
MAP
91.06+12.6 | 96.7+1249 |116.68+14.76|23.292 |<0.001 | b.c
mean + SD
HR 100.68 +8.92 [102.41+£11.02| 109.68+9.61 | 5.165 | 0.008 | b.c
mean + SD

F - ANOVA; a-Avs.B; b - Avs.C; c-Bvs.C; SAP - systolic arterial pressure (mmHg);
DAP - diastolic arterial pressure (mmHg); MAP — main arterial pressure (mmHg);
HR - heart rate (beats per minute); SD - standard deviation

distribution was evaluated with Kolmogorov-Smirnov
test. Analysis of variance (ANOVA) was used for param-
eters comparison between three groups, with subsequent
post hoc analysis. In cases of irregular data distribution,
Kruskal-Wallis test was utilized, with subsequent post

hoc analysis with Mann-Whitney U-test. The x? test was
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used to verify the relation between categori-
cal variables. The statistic hypothesis was
tested on the significance level for risk of
a = 0.05; the difference between samples
was considered significant if p < 0.05.

RESULTS

The patients’ characteristics and surgical
details are summarized in Table 1; no dif-
ferences between the groups have been
observed.

Tables 2-7 and Figure 1 represent serial
hemodynamic values measured at TO to
T5. Baseline (Table 2) and post-induction
values (Table 3) did not differ between the
groups except for SAP and HR (B vs. C),
but without clinical significance. After the
intubation SAP, DAP, MAP, and HR rose
significantly in group C compared to A and
B (Table 4).

After skin incision, hemodynamic vari-
ables were still significantly higher in group
C compared to A, but not compared to B
- values in group B began to rise (Table 5).

After peritoneal incision significant
difference in SAP, MAP and HR between
groups A and C persisted. Significant dif-
ference in SAP, DAP and MAP between
groups A and B appeared (Table 6).

After delivery, SAP and HR were still
significantly higher in group C than in A
and SAP and MAP significantly higher in
B than in A (Table 7).

BIS values rose significantly after the
intubation in all groups compared to pre-
intubation values (46-66). In subsequent
measurements, BIS values were 58—-67 and
did not differ between the groups.

Thiopentone dose used for induction
in groups A and B was significantly lower
than in C (Table 8). Sevoflurane consump-
tion (Table 8) during I-D interval was sig-
nificantly lower in group A compared to B
and C, and lower in B compared to C. After
the delivery until the end of the operation
sevoflurane, as well as remifentanil con-
sumption was significantly lower in group
A compared to B and C (Table 8).

During the operation there were no
episodes of hypotension and bradycar-
dia; blood loss and oxytocin consumption

where in the average range, with no difference between
groups. Maintenance of low remifentanil infusion after the
end of surgery allowed smooth emergence from anesthesia
without a delay in recovery - patients were extubated with-
in 2-3 minutes after surgery. None of them complained of
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Table 5. Hemodynamic variables at T3 (skin incision)

Kutlesi¢ S. M. et al.

endotracheal intubation and surgical inci-
sion. Van de Velde et al. [9], using 0.5 pg/

Parameters Group A Group B Group C F Post
n=31 n=27 n=19 P hoc kg remifentanil bolus followed by 0.2 pg/
rs:e:n Lop|11906£1312|12493£1309 | 13212817 | 7.948 | 0.001 | b kg/min infusion until delivery, managed
= to attenuate maternal stress response, but
mzn Lsp| 75381174 | 84.18+10.97 | 86.84+12.67 | 6894 | 0002 | a.b brief respiratory depression was present
MAP in half of the newborns. Ngan Kee et al.
tean +Sp | 92831221 | 991941081 |106.63+10.12| 8951 | <0001 | b [7], using 1 pg/kg remifentanil bolus, pro-
i i f 1 BP H
HR 98.81+1432 | 10244+1.89 | 1101041189 | 4520 | 0014 | b vided attenuation of maternal BP and HR
mean + 5D response, but 10% neonates needed nalox-
F - ANOVA; a - Avs.B;b - Avs.C; ¢ - B vs. C; SAP - systolic arterial pressure (mmHg); one. Behdad et al. [11] accomplished re-
DAP - diastolic arterial pressure (mmHg); MAP — main arterial pressure (mmHg); . .
HR - heart rate (beat per minute); SD - standard deviation duction of SAP and DAP, but not HR, with
a remifentanil bolus of 0.5 pg/kg, without
Table 6. Hemodynamic variables at T4 (peritoneal incision) neonatal respiratory depression. Draisci et
SR Gro_u;:]A Gro_u5)7B Gro_u;)gC F 0 I;ost al. [6]., usmg.O.S pg/.kg bol.us pl.us 0.15 ug/
= = = e kg/min. remifentanil infusion, interrupted
SmAe:n Lop 118391428 12018+ 152912894+ 1138 | 5401 | 0.006 | a.b at the moment of peritoneal incision, ob-
DAP - served partially obtunded neuroendocrine
a4 S| 74651158 | 8481+12.56 | 80.05+13.54 | 4855 | 0010 | a response to surgery, with lower Apgar
MAP scores at 1st minute, respiratory depres-
91.93+12.84 |101.52+14.12| 101.05+9.89 | 5.087 | 0.009 | a.b . . . .
mean + SD sion or required endotracheal intubation
MR op| 9661%1276 | 100961276 1058941063 | 3410 0038 | b | in14% of neonates. It seems that initial 0.5
- ug/kg bolus might have been insufficient
F - ANOVA; a - Avs.B; b - Avs.C; c-Bvs.C; SAP - systolic arterial pressure (mmHg); : :
DAP - diastolic arterial pressure (mm Hg); MAP — main arterial pressure (mmHg); to accomphsh the attenuation of maternal
HR - heart rate (beats per minute); SD - standard deviation stress response and, on the other hand, that
remifentanil infusion, prolonged until peri-
Table 7. Hemodynamic variables at T5 (delivery) toneal incision, caused neonatal respiratory
Parameters GVO_UP A GfO_Up B GVO_UP C F p Post depression (the time interval between peri-
n=31 n=27 n=19 hoc S .
AP toneal incision and delivery was only 2.8
mean + SD 116.06 £13.93 | 125.52+9.08 | 124.31£9.26 | 5.843 | 0.004 a.b min') [6] Noskova et al. [12], using 1 pg/kg
DAP remifentanil, observed higher incidence in
mean + SD 68.55+9.99 | 76.29+12.82 | 73.05%16.55 | 2.663 | 0.076 lower Apgar scores at 1st minute Compared
M p| 865241193 | 97374122 | 9453%1353 | 5906 0004 | a to control, possibly because of short I-D in-
= terval (4 min.). Yoo et al. [13] administered
:Zan Lop| 91611159 | 93.11+£11.59 | 100.95+1088|3.619| 0032 | b 1 pg/kg remifentanil and effectively attenu-

F - ANOVA; a - Avs.B;b - Avs.C; c-Bvs.C; SAP - systolic arterial pressure (mmHg);

DAP - diastolic arterial pressure (mm Hg); MAP — main arterial pressure (mmHg);
HR - heart rate (beats per minute); SD - standard deviation

intraoperative awareness in an interview performed two
and again 24 hours after the operation.

Neonatal outcome is presented in Table 9, with no dif-
ferences between groups in any of estimated variables:
77.4% of neonates in group A, 81.5% in group B and
73.7% in group C started breathing immediately after de-
livery. The rest of them needed only brief tactile stimula-
tion (12.9%, 7.4%, 15.8%, respectively) or bag mask ven-
tilation (9.7%, 11.1%, 10.5%, respectively) (x,,’ = 4.365;
p = 0.359%). Umbilical blood gas values were within nor-
mal range and did not demonstrate significant differences
between groups (Table 10).

DISCUSSION

During the past two decades, numerous authors reported
the use of remifentanil during I-D period of caesarean
section in order to attenuate maternal stress response to

ated hemodynamic response to intubation,
but at the expense of maternal hypotension
and greater need for neonatal resuscitative
measures in the first minutes after delivery.
Reduced catecholamine response compared
to control was noted at the intubation, but not at delivery,
so a single remifentanil dose did not manage to prevent
catecholamine rise during the whole period. Hu et al. [10]
measured umbilical arterial and venous remifentanil con-
centration at delivery and proved rapid remifentanil me-
tabolism in fetal circulation, but emphasized that it can be
affected by the differences in dosing regimens.

Based on reported data, we created a dosing regimen of
1 pg/kg remifentanil bolus given immediately before the
induction, followed by 0.15 pg/kg infusion stopped after
skin incision, in attempt to establish both safe and effec-
tive regimen that can be used in obstetric clinical practice
during I-D period of caesarean section, and compared its
maternal and neonatal effects with regimens of sole 1 ug/
kg remifentanil bolus and with remifentanil-free control
(traditionally performed anesthesia during I-D period). We
hypothesized that remifentanil infusion would provide he-
modynamic stability during both endotracheal intubation
and surgical incision. Earlier infusion interruption than in

Srp Arh Celok Lek. 2019 Nov-Dec;147(11-12):699-705



Remifentanil use during caesarean section

Table 8. Consumption of anesthetics

Parameters Gr:o:ug 1A G:DZU%B Gr:o:uﬁ) 9C X’i:viz/ p Post hoc
Thiopentone (mg/kg) at induction mean + SD 474 £0.64 472 +0.62 5.63+0.72 13.495% | < 0.001 b.c
Remifentanil consumption: D-end (ug/kg/min) mean + SD 0.14 +0.02 0.17 £0.03 0.17 £ 0.05 15.662 | < 0.001 a.b
Sevo consumption I-D (vol%)mean + SD 1.29+0.24 1.5 1.59+0.17 27.890 | <0.001| a.b.c
Sevo consumption D-end (vol%) mean + SD 0.89 £ 0.1 0.97 £ 0.1 1.01£0.15 11.148 | 0.004 a.b

F -~ ANOVA; x,,,” - Kruskal-Wallis test; a — A vs. B; b — A vs. C; c - B vs. C; Remifentanil consumption: D-end (ug/kg/min) - remifentanil consumption from the
delivery of baby until the end of operation in ug/kg/min; Sevo consumption I-D (vol%) — consumption of sevoflurane during induction delivery period in
vol%,; Sevo consumption D-end (vol%) — consumption of sevoflurane from the delivery of baby to the end of the operation in vol%; SD - standard deviation

Table 9. Newborns characteristics

bolus (group B), was not effective enough

Parameter Group A Group B Group C X /F* p to provide hemodynamic stability in a pe-
n=31 n=27 n=19 riod following intubation.

Ap' 8814055 | 881048 | 863+049 | 2969 | 0227 Synergism between remifentanil and
mean * SD . . .

pyc anesthetics has been described in numer-
mpean +5D 9.03£0.31 8.93+£0.26 8.89 £0.32 2972 0.226 ous studies [17, 18, 19]. Our results are in
SpO. (%) agreement with those data. Thiopentone

2

mean + SD 95.07 +3.37 95.72 £2.21 94.61 +3.33 3.953 0.307 dose was significantly lower in remifen-
HR (prS)D 141484993 |138.13+1435 | 140.5+1251 | 3423% | 0098 tanil groups than in control. Prolonged
mean + remifentanil infusion in group A provided

F -~ ANOVA; x,,,” - Kruskal-Wallis test; Ap' -~ Apgar score in 1st minute; Ap® — Apgar score in 5th
minute; SpO, (%) — hemoglobin oxygen saturation (%); HR (bpm) - heart rate (beats per minute);

SD - standard deviation

Table 10. Umbilical blood gas values

significantly diminished sevoflurane re-
quirements during I-D period, and also
during the rest of operation. We believe
that adequate analgesia, achieved in group

GroupA | GroupB | GroupC | x,*/F*| p A before the start of noxious stimulation
Parameters n=31 n=27 n=19
= = = and kept during surgical incision (preemp-
‘;f::n“fr‘;HD 73+002 | 7.32£003 | 7.32+£003 | 3879 |0.144| tive approach), caused lower remifentanil
consumption in a period from delivery un-
venous BD mmol/I
mean + SD 5.06+2 407 +£1.61 | 5.08+1.38 | 2.757* | 0.070 til the end of the operation.
venous lactate (mmol/l) | 4 554 554 | 131025 | 1214021 | 0.836* | 0438 In our research, remifentanil adminis-
mean + 5D tration did not affect BIS values, which is in
ﬂl?fl‘;% 7274002 | 7284002 | 7.28+008 | 2162 |0339| agreement with other reports [5, 6, 13]. BIS
wori I_BD pE— values are the reflection of hypnotic drugs
arteria mmo . .« s
mean + SD 419422 | 427+1.66 | 441£1.14 | 0.082% | 0.921 action on cerebral cortex, whereas opioids
arterial lactate (mmol/l) N act primarily on subcortical level, and their
mean + SD 13+033 | 132036 11392027 | 08367 | 0438 sedative effects cannot be detected by BIS

F - ANOVA; x,,,” - Kruskal-Wallis test; SD - standard deviation

previous studies (after skin incision instead of at peritoneal
incision or even at delivery) should leave enough time for
remifentanil redistribution and metabolism in fetal circula-
tion, thus diminishing the probability of neonatal respira-
tory depression.

Hemodynamic variables measured after the intubation
in groups A and B were significantly lower than in group
C. Therefore, both regimens attenuated cardiovascular re-
sponse to endotracheal intubation, which is in accordance
with previous reports [4, 9, 12-16]. The next measurement,
performed after skin incision, already showed the differ-
ence: the significant difference in SAP, DAP, MAP, and
HR between groups B and C disappeared, but persisted
in A compared to C. At the time of peritoneal incision
and at the delivery measured hemodynamic variables were
significantly lower in group A compared to both C and
B group. It appears that remifentanil bolus plus infusion
regimen (group A) effectively blunted cardiovascular re-
sponse during entire I-D period whereas sole remifentanil
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monitoring. When appropriate BIS level
during remifentanil/sevoflurane based an-
esthesia is considered, it is emphasized that
attempts to maintain the target BIS of 40-60 would lead
to an excessively deep level of anesthesia and 50-150%
higher end-tidal sevoflurane concentration than actually
needed [20]. BIS values in our research remained 58-68
throughout the whole operation. Nevertheless, even with
reduced anesthetic consumption in remifentanil groups
(especially in group A), the achieved hypnotic state was
adequate, estimated by the absence of somatic, autonomic
and hemodynamic responses to noxious stimuli, but also
by the absence of explicit memory of operation period.
Our results did not demonstrate negative remifentanil
effects on neonatal outcome. Opposite to the results from
mentioned studies all neonatal Apgar scores at 1st minute
were > 8; oxygen saturation and HR were within normal
range and without differences between groups [6, 7, 9, 12,
13]. Majority of neonates started breathing within a few
seconds after delivery; the rest of them needed only brief
(up to one minute) tactile stimulation or bag mask ventila-
tion. Similarly to other studies, we did not find differences
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in umbilical blood gas analysis, and all values were within
normal range [6, 7, 12, 13, 21, 22].

CONCLUSION

Our dosing regimen of remifentanil bolus given at the in-
duction, followed by infusion interrupted after skin inci-
sion, effectively prevented significant rise in BP and HR
during entire I-D period without compromising neonatal
wellbeing and significantly diminished anesthetics con-
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Edekar npumeHe peMudeHTaHUA TOKOM LLapCKOr pe3a Ha XeMOAUHAMUKY
NOPOAU/bE U HEOHAaTa/HU UcXod — nopeherbe ABa peXkumMa Ao3upara

Mapuija C. Kytnewwuh'? CeetnaHa Masnosuh'?, Panko M. Kytnewwnh??

'KnuHnukn ueHTap Huw, KnuHuka 3a aHectesuonorujy, Haw, Cpbuja;

2KnuHnukm yeHTap Huw, KnuHuka 3a ruHekonorujy 1 akywepctso, Huw, Cpbuja;

3YHneepautet y Huwy, Meguuunckm dakyntet, Huw, Cpbuja

CAXETAK

YBoa/Uum L papa je npukasatu edekTe iBa pexuma go3u-
patba pem1peHTaHUa Ha MOPOANIbY 1 HEOHATYC MPUMEHEHOT
TOKOM LiapCKOr pe3a y nepunogy oA yBofa y aHecTesujy Ao no-
pobaja, y unrby cynpummparba MaTepHaIHOr KaparoBackynap-
HOT OAroBOPa Ha XVPYPLLKM CTpec.

Metope Cegampecet cefam nopoausba ASA I-ll ctatyca je me-
TOAOM CJTyyajHOr M36opa nogerbeHo Ha Tpy rpyne: A - 31 no-
poawsba Koja je HenoCpeaHo Npe yBoAa y aHecTesujy npummina
1 ug/kg 6onyc pemudeHTaHUNa, KOjU je HacTaB/beH UHPY3U1jom
og 0,15 ug/kg/min. NPeKMHYTOM MO HaUYMHEHOM PE3Y KOXE;
B - 27 nopoawsba Koje cy HemocpeHo npe yBofa y aHecTesunjy
npumune 6onyc pemnderTanuna og 1 ug/kg; C - 19 nopogua
Koje Hucy npumune pemmdeHTaHun npe paharba HeoHaTyca.
YnopehusaHe cy npomeHe XeMOANHAMVKE 1 BUCMEKTPaNHOT UH-
[eKca y nepuopy of yBofa A0 eKCTpaKLmje, UHTpaonepaTyBHa
MOTPOLLHba aHECTETVIKA U1 PEMUPEHTAHMMA N HEOHATAITHN UCXOR,
Pe3yntaTn XeMoaviHaMcKy ofroBop Ha UHTybauujy je cynpu-
mupaH (p < 0,001) y rpynama A n By ogHocy Ha C. XemoguHam-
CKVM OATOBOP Ha UHLM3Mjy KOXe, MHLM3W]y NepUTOHeyMa 1 Ha
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€KCTPaKLWjy je 3HauyajHO cynpumMmpaH y rpynmn Ay nopeherby
ca rpynama B n C. lNoTpolutba TYOMNeHTOHa je cMakbeHa (p <
0,001) y rpynama A n By nopehemy ca rpynom C. Motpouwra
ceBodypaHa n pemrdpeHTaHmuna je buna mara y rpynu Ay no-
pehemy ca rpynama B u C (p < 0,001). Anrap ckoposu y NpBomM
MVHYTY Cy KO CBUX HEOHaTyca 6unu > 8; Huje 6uno pasnuka
y dpekBeHLM pafa cpua, caTypaLmju XeMornobrHa KnceoHu-
KOM 1 BPeAHOCTVMA racHUX aHanv3a ymbunmkanHe Kpsu (ce
y pedepeHTHUM rpaHrLama).

3akmyuak bonyc pemudeHtaHuna 1 ug/kg annmkoBaH Ha
yBOAY y aHecTe3ujy 1 HacTaBsbeH uHoy3ujom op 0,15 ugrkg/
min. 8O VHUKM3Mje KOXe YCMELIHO je CynpUM1pao MaTepHasiHu
XeMOJVHAMCKW CTPECHN OATOBOP Ha XUPYPLLKN CTPEC TOKOM
Liefior neproAa o4 yBoAa A0 eKCTpaKLyje, CMarbio MOTPOLLHY
aHeCTeTVKa 1 aHaNITeTUKA, MPU TOMe 6e3 LITETHKX edeKaTa Nno
HeoHaTyce, Na ce MoXe cMaTpaTh 1 edUKaCHUM 1 CUFYPHUM
pexvmom 3a kopuwhere of yBofa y aHecTe3ujy fo paharba
HeoHartyca.

KrbyuHe peun: aHecTesuja; akyllepcka; pemudeHTaHun
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thiobarbituric acid reactive substances and total
sulfhydryl groups with retinal blood vessels’ caliber
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SUMMARY

Introduction/Objective Intensive oxidative stress is proven in patients with diabetes mellitus and im-
portant in the development of a microvascular complication of type 2 diabetes mellitus.

The aim of the study was to investigate the relationship between morphometric parameters of retinal
blood vessels in patients with diabetic retinopathy (DR) and the levels of parameters of oxidative stress:
advanced oxidation protein product (AOPP), thiobarbituric acid reactive substances (TBARS), and total
sulfhydryl (SH) groups in blood samples.

Methods The patients (the group with DR and controls) were sex- and age-matched. Glycaemia, hemo-
globin A1CHbA1C, total cholesterol and its fractions, and triglycerides were measured in blood samples.
AOPP and total SH groups were determined in the plasma by specific methods. Modification of the
thiobarbituric acid method was used for the determination of TBARS.

The number and diameter of retinal blood vessels, as morphometric parameters on digital retinal photog-
raphy, was determined by using the ImageJ software. Student’s t-test was used as the statistical method
for the evaluation of differences between the morphometric and blood test parameters. The significance
of differences in morphometric parameters of retinal blood was establish by one-way ANOVA.

Results Significantly higher levels of parameters of oxidative stress (AOPP and TBARS) were in the group
of patients with DR than in the controls. This difference was also present among the patients with mild
and severe forms of DR (AOPP F 77.03, p < 0.001) (TBARS F 63.28, p < 0.001).

The diameter of retinal blood vessels correlated with levels of AOPP, but only in patients with mild DR.
Conclusion Parameters of oxidative stress, AOPP and TBARS, may be important for the follow-up of DR.
In early stages in diabetic retinopathy, AOPP can be a valuable biomarker.

Keywords: diabetic retinopathy; oxidative stress; retinal vessels

INTRODUCTION

A vision-threatening microvascular complica-
tion of diabetes reported in about one-third of
patients is diabetic retinopathy (DR) [1].

According to American Diabetes Association
and Diabetic Retinopathy Guidelines, DR can be
categorized as early non-proliferative diabetic
retinopathy (mild NPDR), moderated and se-
vere, or pre-proliferative diabetic retinopathy
(PPDR), and proliferative diabetic retinopathy
(PDR) [1]. Microaneurysms and blot hemor-
rhages are clinical sings of mild non-proliferative
DR. In the middle stages, NPDR hard exudates,
maculopathy, venous changes, retinal capillary
loss and ischemia, cotton wool or soft exudates,
dot, blot spots, and extensive intraretinal hem-
orrhages are present [2]. Neovascularization,
preretinal and vitreous hemorrhage, fibrovas-
cular proliferation, and retinal detachments are
present in patients with PDR [2].

Retinal tissue is rich in polyunsaturated fatty
acids, is directly exposed to UV radiation and

has high demand for energy, which makes it
prone to oxidative stress. Oxidative stress is
proven in patients with DM and is also impor-
tant in the development of a microvascular
complication of DMT2 [3-6].

The objective of this paper was to investigate
the correlation of the number and the diam-
eter of retinal blood vessels as morphometric
parameters and oxidative stress parameters —
oxidation protein product (AOPP), thiobar-
bituric acid reactive substances (TBARS) and
total sulfhydryl (SH) groups, as the parameter
of antioxidative defense in patients with dia-
betic retinopathy.

METHODS
Subjects
The study included 51 Caucasian patients. Sev-

enteen patients (nine males and eight females)
were with mild NPDR and nine patients (four



AOPP, TBARS and total SH groups as biomarkers of diabetic retinopathy

females and five males) had PPDR. The control group in-
cluded 25 healthy individuals (14 males and 11 females).
Family history of diabetes was negative. The excluding
criteria were intraocular inflammatory diseases (scleritis,
uveitis), glaucoma and age-related macular degeneration,
smoking, use of angiotensin receptor blockers, antioxi-
dants or mineral supplements, any previous ophthalmic
surgical or laser interventions. The study was performed at
the Clinic for Eye Diseases, at the Center for Biochemical
Research of the Clinical Centre Nis, and the Department of
Biochemistry, Faculty of Medicine, University of Nis, Ser-
bia. All the patients were informed about the methods and
the aim of the study, and their written informed consent
to participate was obtained. The study was performed in
agreement with the rules and was approved by the Internal
Ethic Committee of the Faculty of Medicine in Nis.

In all subjects, the ophthalmic examination attains the
following: best corrected visual acuity, tonometry, anterior
segment and posterior segment examination by indirect
ophthalmoscopy, fundus photography, and fluorescein
angiography. Fundus photography and fluorescein angi-
ography were done in all the patients with DR, under the
same conditions, using the same digital fundus camera
and by the same ophthalmologist. ETDRS classification
was used for the staging of the DR [2].

Blood chemistry analysis

Glycaemia, HbA1C, total cholesterol and its fractions
(LDL-C and HDL-C), and triglycerides were measured
in blood samples with AU680 clinical chemistry analyzer
(Olympus Corporation, Tokyo, Japan). The samples were
collected in early morning on an empty stomach.

AOPP was determined in the plasma using the meth-
od of Witko-Sarsat et al. [7]. The concentration of AOPP
groups was expressed in pmol/L.

Total SH concentration was determined by using
5-5’-dithiobis-(2-nitrobenzoic acid) [8]. Absorbance was
measured at 412 nm against blank samples and expressed
as mmol/L. Concentrations of SH groups were expressed
in pmol/L.

TBARS were determined by the modification of the
TBA method [9]. The concentration of TBARS was ex-
pressed in pmol/L.

Morphometric analysis

Morphometric analysis of the digital fundus photography
was preformed using the Image] software in all examined
participants. Both eyes in each patient were analyzed (Fig-
ures 1 and 2). According to the manufacturer instructions,
spatial calibration for the magnification of retinal digital
camera (1 pixel = 17.7 um) was used. In the first phase
of the morphometric analysis, the optic disc Ferret’s di-
ameter (D), circularity, and centroid were measured.
Subsequently, in the second phase we applied the “con-
centric circles” plugin in order to divide retinal images
into five concentric zones whose center was the centroid
of the optic disc (Figure 1). The first concentric area was
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Figure 1. Digital fundus photography with concentric zones - the
right eye

Figure 2. Digital fundus photography with concentric zones - the
left eye

the optic papilla and the area next to it was marked as the
first zone (zone I). Other zones (zones II-V) were marked
according to the gradual increase of their distance from
the optic disc. The zones were constructed as equal and
their size in different patients depended on the optic disc
location in the retinal images. Macular region was located
in zones II and III. The number of retinal blood vessels in
each retinal zone, including the optic disc was established
with the “cell counter” plugin. In the case of blood vessel
bifurcations, two newly formed blood vessels were counted
as separate vessels. The outer diameter of all counted blood
vessels (D, ) in one zone was measured at three different
localizations in each of them, and then the mean value
was calculated. The same method was used in the study
by Ceki¢ et al. [10].

Statistical method

Statistical package NCSS PASS 2007 (National Council
for the Social Studies, USA) was used for the statistical
analysis. Kruskal-Wallis one-way ANOVA test and Dunn’s

post-hoc test were used to compare median values between

www.srpskiarhiv.rs ‘
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Table 1. Mean values of measured parameters in blood of evaluated
groups

Parameter | Group n Mean | SD F p
Control 25 | 5212 | 6.19

Age Mild NPDR 17 | 5771 | 790 | 2.65 n.s.
PPDR 9 55.78 | 11.61
Control 25 5.08 | 0.52

HbA1c (%) | Mild NPDR 17 7.99 1.52 | 39.52 | <0.0001
PPDR 9 8.64 | 2.07
Control 25 |300.96 | 63.52

SH Mild NPDR 17 |401.83| 50.18 | 24.08 | < 0.0001
PPDR 9 |267.89| 27.04
Control 25 | 31.11 | 4.06

AOPP Mild NPDR 17 | 47.51 | 10.82 | 77.03 | <0.0001
PPDR 9 | 87.09 | 22.92
Control 25 | 12.08 | 1.77

TBARS Mild NPDR 17 | 16.15 | 1.03 | 63.28 | <0.0001
PPDR 9 | 20.71 | 3.68

HbA1C - hemoglobin A1C; SH - total sulfhydryl groups; AOPP - advanced
oxidation protein product; TBARS - thiobarbituric acid reactive substances;
NPDR - non-proliferative diabetic retinopathy; PPDR - pre-proliferative
diabetic retinopathy;

Control vs. |, p < 0.0001; mild NPDR vs. PPDR, p < 0.0001; control vs. I,
p < 0.000

the groups, while Mann-Whitney U-test was used in case
of two groups.

Correlations between parameters were established by
Spearman’s rho (p).

RESULTS

The patients were classified into two groups according to
changes detected by indirect ophthalmoscopy, fundus pho-
tography, and fluorescein angiography. ETDRS classifica-
tion was used. In patients with mild DR, a small number
of microaneurysms was detected. Microaneurysms, dif-
ferent forms of hemorrhage (dot, blot spots, and intra-
retinal hemorrhages) and cotton walls, venous bleeding
and intraretinal vascular abnormalities (IRMAs) in two
or more quadrants were detected in the group of patients
with PPDR.

The mean age of the examined group of patients and
results of the median values of evaluated parameters of
blood are presented in Table 1. Median duration of DMT2
in the two groups of patients was not statistically different
(Z =1.89, p =0.06) (Table 1). The levels of hemoglobin
A1C (HbA1C) were higher in the group with very severe
form and were significantly higher than those in the group
with mild NPDR (Z = 2.26, p < 0.001).

The values for AOPP and TBARS as biomarkers of oxi-
dative stress, and total SH groups as parameter of antioxi-
dative defense are presented in Table 1. The values for SH
group were higher in group with mild NPDR than in con-
trols and group of patients with PPDR (F 24.08, p < 0.001).

Levels of AOPP were significantly higher in group of
patients with DR than in controls, as well as among the
two different groups with different form of DR (F 77.03,
p < 0.001) as well as levels of TBARS (F 63.28, p < 0.001).

Ceki¢ S. et al.

The results of the morphometric analysis were used for
cluster analysis (k-means method) and mean values are
given in Table 2. These tables also present the results of
the Student’s t-test.

The values of the average number of observed blood
vessels increased from the optic disc towards zone III and
then decreased gradually towards zone V. The average
number of blood vessels per zone showed a similar trend
on the left side in the group of patients with mild NPDR.
In the group with PPDR in zones I, II, and III there was a
significantly higher average number of blood vessels than
in the optic disc and zones IV and V.

The average blood vessel outer diameter decreased from
the optic disc towards zone V, and this decrease was sig-
nificant on the right side in mild NPDR and in PPDR.

The outer diameter of the blood vessels in zones III, IV,
and V was significantly (p < 0.05) lower than in the optic
disc. This parameter showed a similar trend in mild NPDR
and PPDR. On both eyes and in both groups of examined
patients (NPDR and PPDR), the outer diameter of blood
vessels decreased from the optic disc towards zone V.

Finally, correlation analysis revealed that the outer di-
ameter positively correlated with the levels of AOPP (Table
3). This correlation was present on the optic disc and in
zones I-IIT and only for patients with the early or mild
form of NPDR. The levels of SH groups also had similar
correlation with morphological parameters of blood vessels
but not in all the zones and only in the group of patients
with PPDR (Table 4). This correlation was not present for
levels of TBARS (Tables 3 and 4).

DISCUSSION

Oxidative stress is proven in patients with DM and in
pathogenesis of the microvascular complication [11, 12].
The objective of the present study is to investigate the cor-
relation between the levels AOPP and TBARS with the
severity of the disease and morphometric parameters of
retinal blood vessels.

in plasma of examined patients with DR, significantly
higher levels of AOPP and TBARS were present, which
correlated positively with the progression of DR (Table 1).
Correlation analysis revealed that AOPP and the diameter
of retinal blood vessels correlated positively in patients
with mild, early stage of DR (Table 3). According to this
result, AOPP maybe a biomarker of early changes in DR.

In diabetes, the formation of AOPP is induced by inten-
sified glycoxidation processes, oxidant-antioxidant imbal-
ance, and coexisting inflammation. The role of AOPP in
pathogenesis of DR could be explained by its structural
and biological similarity with advanced glycation prod-
uct (AGE) [13]. Also, it is proposed that AOPP expresses
proinflammatory activities [13, 14].

AOPP accumulation contributes to DR thought direct
tissue damage effects, as well as thought the activation of
specific AGE receptors (RAGE) [13, 14, 15]. RAGE acti-
vation induces permeability of microvascular endothe-
lial cells and the production of reactive oxygen species
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Table 2. Number and diameter of retinal blood vessels on the right and the left eye in the examined zones

Right eye Left eye
Zone Parameter Group n = p = p
X +SD X +SD
Control 25 18.34+3.33 1844 +£3.15
Number Mild NPDR 17 17.77 £3.77° 0.05 16.33 + 3.66° 0.05
L PPDR 9 14.01 +3.49%° 0.05 14.56 +3.18%° 0.05
Optic disc
Control 25 74.89 £ 10.35 7433 £8.04
DBV (um) Mild NPDR 17 83.66 + 5.66° 0.05 85.33+£9.17° 0.05
PPDR 9 94.77 +12.28* 0.05 93.05 + 14.172» 0.05
Control 25 29.87 +£5.610 29.989 +4.982
Number Mild NPDR 17 2795+5.111° 0.05 30.000 + 6.9222 0.05
Zone PPDR 9 24.11 £ 4.106*° 0.05 26.333 £ 4.472%° 0.05
Control 25 74.287 +8.317 76.579 +7.563
DBV (um) Mild NPDR 17 79.043 £ 6.660* 0.05 79.455 + 8.5512 0.05
PPDR 9 93.300 + 10.643* 0.05 91.888 +£12.2112® 0.05
Control 25 43.760 = 8.828 40.67 +8.079
Number Mild NPDR 17 39.294 + 2.289* 0.05 38.29 + 8.308° 0.05
Zonell PPDR 9 28.667 + 7.3820 0.05 30.00 + 7.1042° 0.05
Control 25 64.194 £ 8.052 64.312+£7.166
DBV (um) Mild NPDR 17 68.537 £7.768° 0.05 66.964 + 8.262° 0.05
PPDR 9 83.959 + 11.610*° 0.05 85.284 + 14.9712° 0.05
Control 25 4442 +7.070 4297 +10.725
Number Mild NPDR 17 41.65 £ 11.096° 0.05 39.75+9.333 NS
Zonell PPDR 9 26.01 + 11.34220 0.05 25.11 £9.033° 0.05
Control 25 59.389 £ 8.591 60.269 £ 10.111
DBV (um) Mild NPDR 17 62.994 +8.321° 0.05 59.733 £7.566 NS
PPDR 9 77.766 + 10.042%° 0.05 76.198 + 13.220%° 0.05
Control 25 36.54 +£7.832 31.32£7.966
Number Mild NPDR 17 35.86 +8.377° 0.05 3417 £10.979* 0.05
Zone IV PPDR 9 23.45 +11.22?° 0.05 19.00 + 7.882%° 0.05
Control 25 55.60 + 6.683 57.676 £11.333
DBV (um) Mild NPDR 17 56.376 £4.518* 0.05 57.767 £10.152° 0.05
PPDR 9 75.043 + 8.860*° 0.05 71.884 + 14.044%° 0.05
Control 25 21.40 £5.991 16.76 £ 6.023
Number Mild NPDR 17 21.55 +5.666 NS 15.47 +6.135° 0.05
ZoneV PPDR 9 13.33 £4.242%° 0.05 10.78 + 4.764%° 0.05
Control 25 56.110 + 6.406 61.805 + 15.052
DBV (um) Mild NPDR 17 56.555 £ 6.731 NS 59.487 £10.324° 0.05
PPDR 9 75.012 £ 11.334% 0.05 74.795 + 17.345%0 0.05

DBV - blood vessel diameter; NPDR - non-proliferative diabetic retinopathy; PPDR - pre-proliferative diabetic retinopathy;

p < 0.05 vs. controls;
bp < 0.05 vs. mild NPDR

Table 3. Correlation between the number and the diameter of retinal blood vessels and AOPP, SH groups and TBARS in mild NPDR patients

Right eye
Parameter RPC RPD, | RPN,, | RPD,, | RZ1N,, | RZ1D,, | RZ2N,, | RZ2D,, | RZ3N,, | RZ3D,, | RZ4N,, | RZ4D,, | RZ5N,, | RZ5D,,
R | 0.143 | 0.252 | -0.513 | 0.074 | -0.08 0.27 | -0.256 | -0.285 | -0.035 | -0.257 | 0.116 | -0.162 | 0.216 | 0.022
SH p | 0585 | 033 | 0035 | 0777 | 0.76 | 0.294 | 0.321 | 0.268 | 0.893 | 0.32 | 0.658 | 0.535 | 0.404 | 0.933
n 17 17 17 17 17 17 17 17 17 17 17 17 17 17
R | -0.509 | 0.287 | -0.135 | -0.492 | -0.198 | -0.493 | 0.016 | -0.181 | 0.475 | -0.151 | 0.153 | -0.372 | 0.072 | -0.084
AOPP p | 0037 | 0.265 | 0.605 | 0.045 | 0.445 | 0.045 | 0.953 | 0.047 | 0.054 | 0.043 | 0557 | 0.142 | 0.784 | 0.749
n 17 17 17 17 17 17 17 17 17 17 17 17 17 17
R | -0.342 | 037 | -0.193 | -0.231 | 0.374 | 0.032 | 0.135 | -0.104 | 0.222 | 0.058 | -0.302 | 0.128 | -0.258 | 0.104
TBARS | p | 0.178 | 0.144 | 0459 | 0373 | 0.139 | 0.904 | 0.607 | 0.692 | 0.391 0.826 | 0.238 | 0.625 | 0.317 0.69
n 17 17 17 17 17 17 17 17 17 17 17 17 17 17
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Left eye
Parameter LPC LPD, LPN,, | LPD,, | LZIN,, | LZ1D,, | LZ2N,, | LZ2D,, | LZ3N,, | LZ3D,, | LZ4N,, | LZ4D,, | LZ5D, | LZ5N,,
R | 0.086 | 0.009 | -0.241 | 0.108 | -0.166 | 0.238 | -0.351 | 0.369 | -0.361 | 0.412 | -0.374 | 0.507 | -0.237 | 0.153
SH p | 0743 | 0972 | 0352 | 0.681 0.525 | 0.358 | 0.168 | 0.145 | 0.155 0.1 0.139 | 0.038 | 0.359 | 0.556
n 17 17 17 17 17 17 17 17 17 17 17 17 17 17
R | -0.565 | 0.512 | -0.286 | -0.044 | -0.362 | 0.402 | -0.34 | 0333 | -0.06 | -0.285 | 0.103 | -0.007 | -0.067 | 0.143
AOPP | p | 0.018 | 0.036 | 0.266 0.05 0.153 0.01 0.182 | 0.052 0.82 0.267 | 0.693 | 0.979 | 0.798 | 0.585
n 17 17 17 17 17 17 17 17 17 17 17 17 17 17
R | -0.548 | 0.409 | -0.141 | 0.093 | 0.028 | 0.052 | -0.44 | 0.053 | -0.368 | -0.206 | -0.327 | 0.131 | -0.255 | 0.309
TBARS | p | 0.023 | 0.103 0.59 0.723 | 0914 | 0.844 | 0.077 | 0.839 | 0.146 | 0.428 0.2 0617 | 0.324 | 0.228
n 17 17 17 17 17 17 17 17 17 17 17 17 17 17

SH - total sulfhydryl groups; AOPP — advanced oxidation protein product; TBARS - thiobarbituric acid reactive substances; NPDR - non-proliferative diabetic
retinopathy; PPDR - pre-proliferative diabetic retinopathy; PC - papillar circularity; PD, - papillar diameter; PN, - papillar number of blood vessels;

PD,, - diameter of blood vessels on papilla / optic disc; L - left eye; R - right eye; Z — zone; N, — number of blood vessels; D, — diameter of blood vessels

Table 4. Correlation between the number and the diameter of retinal blood vessels eye and AOPP, SH groups, and TBARS in PPDR patients

Right eye

Parameter | RPC | RPD, | RPN, | RPD,, |RZIN,, | RZ1D,, | RZ2N,, | RZ2D,, | RZ3N,, | RZ3D,, | RZ4N,, | RZ4D,, | RZ5N,, | RZ5D,,
0.654 | 0.093 | 0.186 | -0.008 | 0.457 | 0.111 | 0.281 | 0378 | 0.18 | 0.268 | 0.396 | -0.327 | -0.131 | 0.587

SH p | 0056 | 0.812 | 0.631 | 0.984 | 0216 | 0.777 | 0.464 | 0316 | 0.644 | 0485 | 0292 | 0.391 | 0.737 | 0.097
N 9 9 9 9 9 9 9 9 9 9 9 9 9 9

R | 0.032 | 0.151 | 0332 | -0.095 | -0.436 | 0.441 | -0.585 | 0319 | -0.496 | -0.089 | -0.531 | 0.482 | -0.326 | 0.231

AOPP |p | 0935 | 0.697 | 0383 | 0.807 | 0.241 | 0.234 | 0.098 | 0402 | 0.174 | 0.82 | 0.141 | 0.189 | 0392 | 0.5
N 9 9 9 9 9 9 9 9 9 9 9 9 9 9

R | -0.068 | 0.151 | 0367 | -0.32 0 0.059 | -0.335 | 0.281 | -0.458 | 0.385 | -0.309 | 0.362 | -0.41 | 0.284
TBARS |p | 0.861 | 0699 | 0331 | 0.401 1 0.879 | 0379 | 0464 | 0215 | 0307 | 0418 | 0339 | 0.273 | 0.459
N 9 9 9 9 9 9 9 9 9 9 9 9 9 9

Left eye

Parameter | LPC | LPD. | LPN,, | LPD,, |LZIN,, | LZ1D,, | LZ2N,, | LZ2D,, | LZ3N,, | LZ3D,, | LZ4N,, | LZ4D,, | LZ55N,, | RZ5D,,

036 | -0.083 | 0687 | -0.63 | 0.657 | -0.632 | 0395 | -0.764 | 067 | -0.82 | 045 | -0.69 | -0.024 | -0.296

SH |p| 0342 | 0832 | 0.041 | 0.069 | 0055 | 0068 | 0.293 | 0.017 | 0.048 | 0.007 | 0225 | 0.04 | 0.951 | 0.439
N| 9 9 9 9 9 9 9 9 9 9 9 9 9 9

R| 0281 | -0.307 | 0.001 | -0.011 | -0.392 | -0.036 | -0.215 | 0.184 | -0.389 | 0.388 | -0.27 | 0.007 | -0.001 | -0.184

AOPP | p | 0464 | 0422 | 0997 | 0977 | 0297 | 0926 | 0578 | 0.635 | 0301 | 0302 | 0483 | 0.987 | 0.999 | 0.636
N| 9 9 9 9 9 9 9 9 9 9 9 9 9 9
R|-0232 | 0241 | 0224 | -0234 | -03 | -0.325 | -0.291 | -0.039 | -0.263 | -0.112 | 0.079 | -0.208 | -0.232 | -0.409

TBARS | p | 0.548 | 0.533 | 0.563 | 0.544 | 0433 | 0393 | 0448 | 0921 | 0.495 | 0.774 | 0.839 | 0.591 | 0.548 | 0.275
N| 9 9 9 9 9 9 9 9 9 9 9 9 9 9

SH - total sulfhydryl groups; AOPP — advanced oxidation protein product; TBARS - thiobarbituric acid reactive substances; NPDR - non-proliferative diabetic
retinopathy; PPDR - pre-proliferative diabetic retinopathy; PC - papillar circularity; PD, - papillar diameter; PN, - papillar number of blood vessels;
PD,, - diameter of blood vessels on papilla / optic disc; L - left eye; R - right eye; Z — zone; N, — number of blood vessels; D, — diameter of blood vessels

(ROS). Endothelial damage due to accumulation of AGE,  al. [10]. The remodulation and regression of vascular net

activation of PKC, increased expression of vascular endo-
thelial growth factor and intercellular adhesion molecule
(ICAM-1), and increases in ROS lead to the expression of
endothelial nitrite oxide synthetases. RAGE activation sub-
sequently evokes fibrogenic reaction [11]. Thickening of
the basement membrane coupled with its increased perme-
ability, loss of pericytes leading to diminished vessel wall
tone, and development of protruding microaneurysms,
as well as proliferation of mesangial cells and consequent
obstruction and obliteration of capillaries are results of all
of these processes.

The results of morphological changes in our examined
patients have shown the outer diameter of blood vessels
decreased significantly with the progression of DR (Table
2). The same results are presented in a study by Ceki¢ et

in DR has been in focus of many different studies [12,
13]. Formation of peroxynitrite due to a reaction between
ROS and nitric oxide further causes endothelial dysfunc-
tion. Increased apoptosis of retinal capillary cells is a result
of the damage of the mitochondrial lipid membrane by
ROS. Increased nitrate stress in retinal vascular cells, via
the activation of nuclear transcriptional factor, NF-kB by
AGE, leads to apoptosis of retinal pericytes [12, 16]. Our
results have shown that the levels AOPP correlate with the
severity of DR.

the levels of TBARS are elevated in both groups of pa-
tients with DR and correlate with the severity of disease
(Table 1). However, the levels of this parameter of oxidative
stress did not show a correlation with retinal blood ves-
sels in our study. Similar results are presented in the study
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conducted by Ruia et al. [17]. TBARS serve as potential
biomarkers for DR.

The antioxidant status of a diabetic patient has an im-
portant role in producing oxidative stress and the develop-
ment of vascular complications in patients with DM. The
reports of antioxidants and antioxidant enzymes in DR
patients are contradictory [4, 5, 6, 18]. The total thiol levels
as a marker of antioxidant status in diabetics has shown
to be significantly decreased in patients with DR. In our
study, the levels of total SH group in serum were higher in
NPDR, and significantly lower in PPDR. An inverse corre-
lation between the level of HbA1C and total SH groups in
patients with a moderated form of DR indicate a reduction
in antioxidant status in poorly controlled patients. Sharma
et al. [19] have demonstrated that decreased GSH levels
in patients with PDR are associated with in vivo structural
changes of the retina. These results correlate with our own,
but the precise mechanisms are still unclear. Therefore,
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the levels of total SH groups could be predictive for the
development of DR and its progression.

CONCLUSION

These findings suggest that AOPP and TBARS can be used
as a biomarker for DR and its progression. The levels of
AOPP correlate with the diameter of retinal blood vessels
in the early stage of DR - hence, AOPP may be a parameter
of the early stage of DR.

Limitations of this study that should be noted are the

following: only Caucasian patients were included, the in-
fluence of local and ocular factors on retinal blood vessel
caliber could not be avoided. More precise medical imag-
ing and correlation with the studied parameter are needed.
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YTuuaj npoayKata y3HanpegoBane oKcuaaLmje, CyncTaHLuyM PeakTUBHUX ca
TMO6APOUTYPHOM KMCENMHOM U YKYNHUX CYyADXUAPUAHUX FPpyna HA AujameTap

KPBHMX CyA0Ba peTUHe

Corba Llekunh', TatjaHa LiBeTkosuh?, NBaH JoBaHoBUR?, Mpeppar JosaHosuh', foppaHa CraHkoBuh-babuh', Munuua Mewnh?,

MuneHa ByjaHoBUR®

'YHusep3unTeT y Huwy, MeguumnHcki dakyntet, KnuHndku ueHtap Huw, Knuhnka 3a ouHe 6onecty, Huw, Cpbuja;

?Ynuepautet y Huwy, Meguumtckm dpakyntet, Kateapa 3a 6uoxemujy, Hiw, Cpbuja;

*Ynusep3utet y Huwy, Meguumtckmn dpakyntet, Kateapa 3a aHatomujy, Huw, Cpbuja;

*YHuBep3uteT y Huwy, MegnumHcki dakyntet, KnnHuuky uenTap Huw, KnHuka 3a eHpokprHonorujy, aujabetec n metabonmnuke nopemehaje,

Huw, Cpbuja;
SKnnHWYKM LeHTap Huw, KnuHnka 3a ouHe 6onectu, Huw, Cpbuja

CAMETAK

YBog/LUnm NHTEH3MBHW OKCMIATUBHM CTpec YTBPhHEH je Kog
6onecHuKa ca anjabeTecom MeNUTYCOM U BaXaH je Kop pas-
BOja MMKPOBACKy/apHYX KOMMAVKaLja Anjabeteca menutyca
™na 2.

Linm Hawer paga 6vo je yTBphuBarbe Bese n3mehy HMBOa napa-
MeTapa OKCMIATUBHOT CTPeca, NpoAayKarta yop3aHe okcrpauvje
npoteunHa (AOPP) n Tno6apbuTypHO peakTMBHUX CyncTaHLm
(TBARS) n napameTpa aHTMOKCMAATUBHE 3aLUTUTE YKYMHE Cyn-
bxmpapunHe rpyne y ysopuuma Kpsu ca MOPGOMETPUjCKIM
napameTprimMa KOA UCTIMTaHUKa ca injabeTMyHoM peTrHona-
Tjom (OP).

MeTtop Vcnnutanuum noperbeHu Ha rpyny 6onecHuka ca [P v
KOHTPOSHY rpyny 6unu cy ycknaheHw no nony v y3pacry. Jlabo-
paTopujcke aHanu3e KpBu obyxsaTane cy ogpehrBare rimke-
Mmuje HawTe, HbA1C, ykynHor xonectepona, dpakuwja LDL, HDL,
Tpurnuuepuga. AOPP 1 cyndxuapunHe rpyne oapehusaHu cy

y nnasmu ncnutanuka. TBARS ogpehusaH je mogndrikoBaHom
MeToLOM TMOoBapObUTypHe KucenuHe.

3a Mop$oMeTPUjCKy aHann3y KPBHUX CyAOBa PeTrHe, 6poj 1
Avjametap, kopuwheH je copTBep Image) 3a aHanu3y aurnTanHe
dotorpaduje ouHor fHa. 3a CTAaTUCTUYKY aHanM3y GUOXEMUJCKMX
1 MoppoMeTpujcKMX MapameTapa KopuwheH je CTyfeHTOB t-
test, a jeaHodaKTOpCKa aHanm3a BapujaHce (one-way ANOVA)
3a yTBphHyBarbe CTaTUCTUYKM 3HauajHe pasnnKe.

Pesynratun BpegHoctv AOPP n TBARS 6une cy CTaTUCTNYKM 3Ha-
YajHO BULLIE y FPYMU UCMIMTaHVIKa ca y3Hanpegosanom [P (AOPP
F77,03,p <0,001) (TBARS F 63,28, p < 0,001). BpegHoctn AOPP
Kopenuparne cy ca BpeAHOCTMMa AnjameTpa KPBHYX CyA0Ba.
3akmyuak BpegHoctn AOPP 1 TBARS mory 6uTn napameTpu
npaheta pa3Boja [IP, a BpegHoctvi AOPP mory 6utn riomapkep
paHor ctagujyma [IP.

KmbyuHe peun: fujabeTnyHa peTHONaThja; OKCUAATUBHY
CTPec; KPBHU CYj0BM pPeTrHe
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Quality of life in patients with laryngeal cancer
before and after surgery

Tomasz Zatonski, Mateusz Kolator

Wroclaw Medical University, Clinical Hospital, Department of Otolaryngology, Head and Neck Surgery,
Wroclaw, Poland

SUMMARY

Introduction/Objective Assessment of the Quality-of-life questionnaires was filled out before and after
surgery by patients with laryngeal cancer hospitalized in the Otolaryngology, Head and Neck Surgery
Department, qualified for surgical treatment.

Methods Fifty-four patients with laryngeal cancer in T3 and T4 stages who were qualified for total lar-
yngectomy were asked to fill out the EORTC QLQ-30 and H&N30 modules before and a few years after
surgical treatment.

Results The quality of life of the hospitalized patients increased after surgery. The level of pain after
surgery decreased and was statistically significant (p = 0.025). In the study group, 90.6% of patients
survived five years after surgery.

Conclusion The quality of life in patients with laryngeal cancer improved in the domain of pain. Further
research should be conducted on a larger group of patients. Future results could provide useful material
for analysis regarding the benefits for the patient that may be relevant to a decision to consent to the

proposed treatment and the choice of its type.

Keywords: quality of life; laryngeal cancer; follow-up; laryngectomy

INTRODUCTION

According to the World Cancer Research Fund
International, 1.1% of all cancers is laryngeal
cancer, the most common cancer of the head
and neck neoplasms [1]. Males are affected
more often than females. Primary risk factors
are tobacco smoking, alcohol consumption, and
human papilloma virus infection.

Laryngeal cancer is generally squamous
cell carcinoma. Symptoms mostly begin with
hoarseness in the voice but also may include
a lump, sore throat, and swallowing difficul-
ties. Treatment methods include surgery, ra-
diotherapy, and chemotherapy. Infiltration of
the laryngeal cartilages is an indication for a
procedure called laryngectomy, consisting of
total excision of the larynx [2]. Larynx plays
the critical role in physiologic functions such as
voice production, respiration, airway protection
and swallowing - this is why total laryngectomy
may significantly affect the patients’ quality of
life (QoL). Lately, the medical community puts
great emphasis on the quality of life, which is
why more and more studies on the QoL are
conducted.

The World Health Organization defines
the QoL as the person’s perception of his or
her individual daily life and position. It takes
into consideration the context of culture, the
personal relation to the goals, the situation
in which the person lives, expectations, and
concerns. In healthcare, the QoL is an assess-

ment of how aspects of an individual’s life can
be affected by disease or disability [3]. Mea-
suring the QoL gives an enormous amount of
information that should be considered in the
selection of a treatment method. For example,
organ preservation is not necessarily needed
to have better QoL. Measuring the QoL also
determines how important survival is after
treatment [4].

Two types of QoL assessment tools exist —
general and specific. QoL recorded with the im-
pact of disease in particular is called general.
Specific scales assess the QoL by taking into
account a specific group of diseases, a single
disease, or a single symptom [5].

In our earlier studies, all PUBMED articles
about the QoL in patients with laryngeal cancer
were reviewed, and different measuring tools
were identified. The European Organization for
Research and Treatment of Cancer (EORTC)
questionnaire general module (QLQ C-30) and
head and neck module (QLQ-H&N35) turned
out to be the most commonly used tools to as-
sess the QoL in patients with different stages
of laryngeal cancer or to compare treatment
methods. Therefore, we decided to use this
questionnaire in the current study.

The aim of this study was to assess the QoL
of patients diagnosed with laryngeal cancer and
qualified for surgical treatment before and af-
ter surgery with the use of EORTC QLQ-C30
and QLQ-H&N35 modules and to compare the
results.
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METHODS

In this study, 54 patients hospitalized in the Otolaryngol-
ogy, Head and Neck Surgery Department of the Medical
University of Wroclaw who were diagnosed with laryngeal
cancer in T3-T4 stages and all laryngeal locations qualified
for surgical treatment were asked to fill out the paper ver-
sion of the EORTC questionnaire, translated into the Polish
language and validated, one day before surgery. It consists
of a general module for patients diagnosed with cancer and
a specific one for patients with head and neck cancer. The
EORTC questionnaire was developed by Bjordal et al. [6]
in 1994. The questionnaire consists of 37 items concerning
many aspects like disease-related symptoms, social function,
and sexuality. After a few years, a 3.0 version of the EORTC
QLQ C-30 questionnaire was developed. The validity and
reliability of both QLQ-C30 and H&N35 module was con-
firmed on a large group of patients from many different
countries [7, 8]. Version 3.0 of the EORTC QLQ-C30 mod-
ule contains 30 questions, and the H&N35 module contains
35 questions. Raw data collected from the questionnaire
are calculated into the global, functional, and symptomatic
scales according to the instructions provided in the scoring
manual [9]. The questionnaire was well accepted and sensi-
tive to changes during a study year. Many symptoms, such
as problems with taste, swallowing difficulty, hoarse voice,
and sore mouth, showed great variability [10].

From one to five years after surgery, correspondence
with blank questionnaires was sent to all the patients with
a request to fill out the questionnaires again or to send
information about the possible death of the patients. All
the data was collected and calculated with the instructions
provided in the scoring manual for EORTC questionnaires.
The calculated data created three types of scales. The data
from the QLQ-C30 module was calculated into the global
health status scale, five functional scales, and symptom-
atic scales. Functional scales are physical functioning, role
functioning, emotional functioning, cognitive functioning,
and social functioning. Symptomatic scales are fatigue,
nausea and vomiting, pain, dyspnea, insomnia, appetite
loss, constipation, diarrhea, and financial difficulties. Fur-
ther QLQ-H&N35 module data was calculated only into
symptomatic scales like pain, swallowing, sensory prob-
lems, speech problems, trouble with social eating, trouble
with social contact, less sexuality, teeth, opening mouth,
dry mouth, sticky saliva, coughing, ill feeling, pain killers,
and nutritional supplements. All the data calculated into

Zatonski T. and Kolator M.

scales creates a score of 0-100. For global health status, a
higher score represents high QoL; in functional scales, a
higher score represents a high and healthy level of func-
tioning, whereas a higher score in symptomatic scales rep-
resents a high level of symptomatology and problems. The
approval of ethical review board was obtained before the
beginning of the study.

A statistical analysis of the obtained results was then
performed using STATISTICA v. 12 (StatSoft, Tulsa, OK,
USA). Statistical characteristics of variables are presented
as arithmetical mean * standard deviation, median, and
interquartile range. Statistical characteristics of discrete
variables are presented as number and frequency distribu-
tion. In the statistical analysis, the Wilcoxon matched pairs
test was used for quantitative variables. Survival time was
estimated using the Kaplan—-Meier method.

RESULTS

The study sample characteristics are summarized in Table
1. Fifty-four patients 46-88 years old, including 50 males
and four females, filled out the questionnaire before sur-
gery. From one to five years after surgery, information
from 31 patients was received. Twenty-one patients were
reported dead. Ten patients filled out the questionnaire
and sent it back to the clinic. Twenty-three patients did
not answer the request.

Table 1. Age (years) of the respondents

Mean (SD) 60.5 (8.3)
Median (IQR) 59.0 (55.2-65.7)
Min-Max. 46-88

IQR - interquartile range; SD - standard deviation

Table 2. Sex of the respondents

Male 50 (92.6%)
Female 4 (7.4%)

Replies to the questionnaire 10 (18.5%)
Death 21 (38.9%)
No answer 23 (42.6%)

Scores for all scales compared before and after treat-
ment are presented in Table 4. After surgery, the global
QoL in patients with laryngeal cancer improved, but the
difference was not statistically significant (54.2 vs. 50, p >
0.05) (Figure 1). The only statistically significant difference
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Table 3. Comparison of the QoL before and after surgery

Before treatment | After treatment
Parameter - - p
Median IQR Median IQR
Global health
status/Qol 50 33.3-66.7 | 54.2 50-66.7 | 0.575
fhys'.ca' . 80 |667-933| 733 |66.7-86.7 ] 0.161
unctioning
Role functioning 83.3 | 66.7-100| 83.3 |66.7-100 | 0.345
Emotional 667 | 50-75 | 708 | 37 0308
functioning 91.7
Cognitive 833 |66.7-100| 75 |66.7-100 | 1.000
functioning
Social functioning| 83.3 | 66.7-100 75 66.7-100 | 0.441
Fatigue 333 22.2-50 38.9 |333-444| 0484
Nausea and 0 0-16.7 0 0-0 | 0787
vomiting
Pain 333 0-50 333 33.3-50 | 0.123
Dyspnoea 333 0-33.3 33.3 [33.3-333]|0.753
Insomnia 333 |333-66.7| 333 |33.3-66.7|0.123
Appetite loss 0 0-33.3 0 0-33.3 | 0.345
Constipation 0 0-33.3 33.3 [33.3-333]|0.715
Diarrhoea 0 0-0 0 0-33.3 -
Financial
difficulties 333 0-66.7 333 0-100 | 0.787
Pain 16.7 8.3-33.3 8.3 0-8.3 0.025
Swallowing 16.7 0-33.3 0 0-0 0.091
Senses problems 333 0-50 0 0-100 | 0.500

Speech problems | 444 |22.2-556| 444 |22.2-66.7|0.834

Ig‘;‘i‘a?'eea‘z'rfg 83 | 0-333 0 0-0 |0.176
Ig‘;‘i‘aﬁ"fo‘fg;t 133 | 0-333 | 33 | 0-40 |0779
Less sexuality 333 16.7-50 | 33.3 0-50 0.343
Teeth 333 | 0-667 | 333 | 0-333 |0.273
Opening mouth 0 0-0 0 0-0 -

Dry mouth 333 | 0-333 | 333 | 0-333 |0.068
Sticky saliva 333 | 0-667 | 333 |33.3-66.7|0.893
Coughing 333 [333-667| 333 |333-66.7)0.295
Feltill 333 | 0-667 | 333 | 0-667 |0.447
Pain killers 0 0-100 | 50 | 0-100 | 1.000
S’\'u”;glté?:::“s 100 | 0-100 | 100 | 100-100 | 1.000
Feeding tube 100 | 0-100 | 100 | 0-100 | 1.000
Weight loss 0 0-100 100 0-100 -

Weight gain 100 | 100-100 | 100 | 0-100 |0.593

IQR - interquartile range

occurred in the symptomatic scale for pain. Pain created
more problems before surgery than after surgery (16.7 vs.
8.3; p < 0.05). Swallowing created more problems before
surgery than after surgery. The p-value in this variable
was on the border of statistical significance (16.7 vs. 0;
p = 0.091).

The level of functioning mostly decreased after surgery
beside emotional functioning and role functioning, but
the changes were not statistically significant. The PF score
was 80 before surgery and decreased to 73.3 after surgery.
A similar situation was observed in CF, where the score
decreased from 83.3 to 75, and SE, where the score also
decreased from 83.3 to 75. The EF score increased from
66.7 to 70.8. RF kept the same level before and after sur-
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Figure 3. Kaplan-Meier’s survival curve in the sample group

gery (83.3). All the aforementioned results are presented
in Figure 2.

The length of survival after surgery is presented in Fig-
ure 3. In this study group, 90.6% of patients survived five
years after surgery. The survival function was 8.01 for the
25th percentile, 9.63 for the 50th percentile, and 10.81 for
the 75th percentile.

DISCUSSION

Because of its location and functional importance, the lar-
ynx plays a critical role in the maintenance of such cardinal
physiological functions as phonation, regulation of respi-
ratory airflow, and airway protection. Laryngeal cancer
can have effects on laryngeal function, and the impact of
treatment on function has to be carefully weighed against
its oncological benefit. Still, in some cases, the only treat-
ment is a total laryngectomy. Lately, the QoL reported by
patients regardless of correlation with clinical parameters
of health has paramount importance in treatment manage-
ment. Comparison of the QoL in these patients might give
better insight into patients’ expectations and benefits from
choosing the treatment method [11].

In this study, we compared the QoL in patients with
laryngeal cancer qualified for surgical treatment before and
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Table 4. Comparison of changes in functional scales after surgery in
the literature and in our study

Singer etal. [12] Zatonski and Kolator
Scale Changes after Changes after

surgery P surgery P
PF2 deterioration <0.01 deterioration 0.16
RF2 deterioration <0.01 same level 0.34
SF deterioration 0.02 deterioration 0.30
CF deterioration 0.59 deterioration 1.0
EF improvement 0.37 improvement 0.44

PF2 - physical functioning; RF2 - role functioning; SF - social functioning; CF
- cognitive functioning; EF — emotional functioning

a few years after surgery. The results of our analysis show
that the pain level after surgery is lower than before. Also,
swallowing improved after surgery, but this change is on
the border of statistical significance. A study by Singer et
al. [12] was the only one found in the PubMed database
that covers the same topic and uses the same question-
naire as the method of QoL assessment. The results of the
multicenter prospective cohort study show that the QoL
domains that improved were global QoL, coughing, and
weight.

In our study, the changes in functional scales before and
after surgery were statistically insignificant, but they found
confirmation in the literature where the level of the same
scales changed almost in the same way, and some of these
changes were statistically significant.

A comparison is presented in Table 5 [12].

CONCLUSION

. Though our results are not valid to be generalized due to
the number of the obtained follow-up questionnaires be-
ing smaller than the initial number of participants, it can,
however, be assumed with a certain degree of probability
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KBanuter }uBoTa 60/1eCHMKa ca pakom IapuUHKCa npe U nocae onepauuje

Tomaww 3atoHcku, Mateyw Konatop

MeguumHcKn yHUBep3uTeT y BpoLnasy, KnnHuuka 6onHmua, Operbetbe 3a OTOPUHONAPUHTONOT W)Y U X1PYPrijy riaBe 1 BpaTa, Bpounas, Mosbeka

CAXETAK

YBog/Uwm bonecHnum ca pakom laprHKCa XOCNUTanr30oBaHu
Ha Oferberby 3a OTOPUHONAPUHIONOTUjY U XNPYPTUjy rnase u
BpaTa, KBaNMPMKOBaHV 3a XMPYPLUKU TPETMaH, MonyHaBasu Cy
YNUTHWK O MpoLieH KBanmTeTa X1BOTa MPe 1 Noc/ie onepavyje.
MeTtoge NepeceT YeTupy GonecHKa ca pakom napuHKca y
ctagujymmma T3 n T4 Koja cy KBanudrKoBaHa 3a NOTRYyHY Na-
pVIHreKTOMWjy 3aMorbeHa cy Aa nonyHe mogyne EORTC KLK-30
1 H&N30 npe 1 HEKONMKO roguHa NOCe XMPYPLIKOT TpeTMaHa.
Pe3ynTatu KBanuTeT 1BOTa XOCNMTaNM30BaHX 60NECHYKa Mo-
pacTao je nocne onepauuje. HnBo 6ona nocne xmpypLiKe MHTep-
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BEHL{Mje Ce CMarMO 1 610 je CTAaTUCTUYKM 3HadajaH (p = 0,025).
Y cTyavjckoj rpynu je 90,6% 6onecH1Ka NPeXUBENO NeT roguHa
nocne onepauuje.

3aksbyuak KsanuteT xmBoTa 60necH1Ka ca pakoM flaprHKca
no6orbluaH je y gomeHy 6ona. [lasbe nctpaxkmsaroe Tpeba cnpo-
BecTun Ha Behoj rpynu 6onecHuKa. byayhn pesyntati mory npy-
XKUTW KOPWUCTaH MaTepujan 3a aHanu3y y Be3u ca Kopuctrma 3a
60necHVIKe 1 MOTy 6UTY PeneBaHTHW 3a OANYKY Aa Ce MpUCTaHe
Ha NPeanoXeHn TPeTMaH 1 1360p Herosor Tuna.

KrmbyuHe peun: KBanuTeT X1BOTa; pak rpna; npahere; napuH-
rektomuja
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SUMMARY

Introduction/Objective During the past 20 years, there have been numerous attempts to design and
apply a simple, affordable blood analysis tool for diagnostic and prognostic purposes in psychiatry.

In this article we demonstrate that some mathematical parameters of chromatin organization and distri-
bution in blood neutrophil granulocytes are related to stress levels in patients diagnosed with recurrent
depressive disorder (RDD).

Methods The study was performed on 50 RDD participants who were asked to complete Depression,
Anxiety and Stress Scales (DASS-21). Peripheral blood samples were obtained from all the participants,
smeared on glass slides and stained using a modification of Giemsa method. A total of 500 representative
chromatin structures (10 per patient) of neutrophil granulocytes were evaluated using textural analysis
with the application of gray level co-occurrence matrix (GLCM) method. Parameters such as angular
second moment (indicator of textural uniformity), inverse difference moment (textural homogeneity),
and textural sum variance were calculated.

Results The results indicate that there is a statistically highly significant correlation (p < 0.01) between
certain chromatin GLCM parameters such as inverse difference moment, and DASS-21 stress score. There
was also a significant difference (p < 0.05) in some chromatin GLCM parameters in patients diagnosed
with RDD with psychotic features, when compared to the ones without psychosis.

Conclusion These findings suggest that in the future, chromatin GLCM features might have a certain
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predictive value for some clinical features of recurrent depressive disorder.
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INTRODUCTION

In recent years, in the rapidly growing field of
neurosciences, there have been many attempts
to develop an exact, objective, and affordable
image analysis method that would be applied in
clinical practice as a supplement to the conven-
tional diagnostic protocols. Many new math-
ematical algorithms have been proposed, often
with limited results and impact. One of the tech-
niques that are today being frequently consid-
ered in neurology and biology studies includes
the analysis of texture [1, 2]. Textural analysis
can be used to quantify structural features such
as homogeneity and uniformity [2, 3].

There are many ways to assess texture of a
biophysical system. Some of the methods are
based on higher mathematics and second order
statistical calculations. One of these frequently
used textural algorithms include the Gray level
co-occurrence matrix (GLCM). The parameters
of GLCM method may have certain value in
medical image analysis due to their potential

ability to detect structural alterations in cells
and tissues [4].

Textural parameters of tissue architecture
were shown to be a potentially important addi-
tion to conventional cell biology and histology
methods [5, 6]. For example, in a study pub-
lished in 2009, Shamir and associates demon-
strated that these features, when calculated on
muscle tissue in an animal experimental model,
can be a possible indicator of structural deterio-
ration during physiological aging. In collagen
morphology, textural indicators also exhibit a
differentiating power to some extent [7]. Some
textural parameters of spleen germinal center
tissue might be associated with some physi-
ological parameters such as humoral immune
response to a foreign antigen [8].

Our recent studies have indicated that
changes in chromatin structure in some cells
can also be detected and evaluated using GLCM
features. Our work on spleen lymphocytes in
germinal centers indicated that some param-
eters are correlated with nuclear shape [9].



Neutrophil chromatin, stress and depression

Nuclear textural parameters of progenitor cells in spleen
also exhibited statistically significant changes during aging
[10]. Also, some of these determinants were proven to be
very useful in discriminating two different lymphocyte
populations in thymus [11]. Finally, in 2016, we indicated
that textural features of blood lymphocyte chromatin may
be important indicators of structural changes induced by
oxidopamine [12].

In this study we show that some chromatin GLCM pa-
rameters of peripheral blood neutrophil granulocytes are
associated with self-reported stress levels in patients diag-
nosed with recurrent depressive disorder. To our knowl-
edge, this is the first work to show that GLCM features
calculated under these conditions correlate to a psychologi-
cal parameter of stress. Also, this is the first study to apply
GLCM analysis in peripheral blood cells on a sample of
psychiatric patients with recurrent depression.

METHODS

The study was performed on 50 patients (14 males, 36 fe-
males, average age 53.9 * 6.4 years) at Laza Lazarevi¢ Uni-
versity Clinic for Mental Disorders, Belgrade, Serbia. All
the patients had been diagnosed with recurrent depressive
disorder (F33 diagnosis code according to International
classification of diseases ICD-10). Exclusion criteria were
as follows: comorbid psychotic or other serious psychi-
atric disorder, substance abuse, serious non-psychiatric
disorders that might have impacted the final results (i.e.
immunological illnesses, blood cell disorders, endocrine
diseases, etc.).

All the participants were asked to complete a question-
naire that included Depression, Anxiety and Stress Scales
(DASS-21) [13]. This instrument is made up of 21 self-
report items that need to be rated on a Likert scale (four
point). The items reflect emotional symptoms and expe-
riences over the last seven days. Each of the three scales
(for depression, anxiety and stress, respectively) consists of
three items. The depression scale evaluates symptoms such
as anhedonia, loss of self-esteem, and hopelessness. The
anxiety scale refers to the symptoms related to fear, panic,
worry, and autonomic system dysfunction. The stress scale
covers items on relaxation difficulties, agitation, tendency
to overreact, etc.

A sample of peripheral blood was obtained from all
the participants and smeared on glass slides. The smears
were fixated in methanol and stained using Giemsa
method (Figure 1). For the details regarding the Giemsa
technique, the reader is referred to previously published
works of other authors [14, 15]. This method has also been
successfully applied for textural analysis of chromatin in
spleen follicular cells in our recent research [16]. The study
protocol regarding DASS-21 administration, blood smear
preparation and staining was a part of a wider research for
a PhD thesis which was approved by the ethics panel of the
host institution. Informed signed consent for the participa-
tion in the PhD thesis research was obtained from all the
patients. The research was conducted in accordance with
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Figure 1. Giemsa-stained nucleus of a neutrophil granulocyte
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Figure 2. An example of gray level designations (for a low-quality
micrograph) used for later formation of gray level co-occurrence matrix

the Helsinki Declaration as revised in 1989 and conformed
to the legal standards regarding research in medicine.

Nuclear structures of Giemsa-stained neutrophil granu-
locytes (10 cells per patient) were visualized using Pro-
Micro Scan DEM 200 instrument (Oplenic Optronics,
Hangzhou, CN) mounted on Olympus BX41 microscope
(Olympus Corporation). Digital micrographs were created
and saved in JPEG format. Dimensions of the micrographs
were 1600 x 1200 pixels (width 1600, height 1200), both
horizontal and vertical resolutions were 96 dpi, and bit
depth equaled 24. Regions of interest of neutrophil nuclei
were created, after which textural GLCM analysis of re-
gions of interest was performed.

Parameters of image texture were calculated using
MaZda software, previously developed for COST B11 and
B21 European projects by a researcher from the Institute
of Electronics, Technical University of Lodz [17, 18, 19].
Textural parameters were calculated based on Gray level co-
occurrence matrix (GLCM) where second order statistical
analysis is performed on resolution unit pairs and their gray
values. Before GLCM is constructed, each resolution unit
is assigned a value based on its gray intensity. The example
of such assignment on a simpler micrograph is shown on
Figure 2. Our micrographs had much higher number of pos-
sible gray intensity values compared to the one in the figure.

Inverse difference moment (IDM) as a measure of tex-
tural homogeneity was calculated based on the following
formula:

www.srpskiarhiv.rs ‘
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where 1" and % are the values of neighbor and reference
pixels in GLCM. Details on GLCM creation and features
can be found in various previous works [2, 20].

Apart from IDM, we also measured the texture angular
second moment (ASM). This is an indirect parameter of
textural uniformity and can be determined as:

ASM=Z Y ®G.DR

Sum variance (SVAR) of the co-occurrence matrix was

calculated as:
SVAR = Z [1‘ - Z Pyl E')]:

This parameter is related to local variations of the textural
distribution in a micrograph.

All GLCM parameters were calculated on regions of
interest (objects) directly from the micrograph which was
previously converted to 8-bit gray scale format. No crop-
ping or other modifications were performed.

As the addition to the textural measurements, we also
calculated fractal dimension (FD) of the neutrophil chro-
matin structure. FD was determined on binarized nuclear
images, using the FracLac plugin for Image] (A. Karperien,
Version 2.5, Release 1e, Charles Sturt University, Australia)
[21]. During the analysis, a special box-counting method is
performed, the structure is covered by a number of boxes
(N) on different scales (¢), after which FracLac forms a
logarithmic graph (Figure 3) and calculates FD from the
slope of the regression line:

FD = regression slope [In(N)/ In ()]

FD was previously used on numerous occasions in cell
biology in order to detect small structural alterations [16,
22]. Although not directly related to ASM or IDM, it may
provide additional information on the nature and causes
of their potential change.

RESULTS

Mean score for the depression and anxiety scales of DASS-
21 were 10.9 £ 5.3 and 9.2 * 4.4, respectively. The average
value of stress score in DASS-21 was 11.7 + 5.3. The mean
value of IDM in neutrophil granulocytes was 0.79 + 0.04.
The average textural ASM of chromatin structure was
0.041 £ 0.021, and the mean value of nuclear FD was
1.52 £ 0.11. Mean SVAR of the GLCM equaled 73.9 + 21.3.

There was a statistically highly significant (p < 0.01)
correlation between neutrophil chromatin IDM and the
score of the stress scale within DASS-21 (Figure 4). The
correlation was negative, meaning that as the IDM in-
creased, the stress level decreased, and vice versa. In Figure
4, plotted values of chromatin IDM and stress levels are
shown. It was concluded that the age of the patients was
not a contributing factor to this correlation. The relation-
ship between stress score and IDM suggests that chromatin
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Figure 3. As an addition to this study, fractal analysis was performed
using the box-counting method; in this method, the structure is cov-
ered by a number of boxes (N) on different scales (g), after which the
software forms a logarithmic graph and calculates fractal dimension
from the slope of the regression line

IDM of blood neutrophils is a potentially good indicator of
psychological distress in patients diagnosed with recurrent
depressive disorder. No such correlation (p > 0.05) was
observed between the values of chromatin IDM and the
result of DASS-21 depression scale. Neither chromatin FD
nor the values of chromatin ASM and SVAR in blood neu-
trophils were related to the scores of the DASS-21 scales.
There was a much weaker negative relationship between
IDM and DASS-21 anxiety score (p < 0.05, Figure 5).

Patients with psychotic features (n = 10) had significant-
ly higher (p < 0.01) values of chromatin SVAR, compared
to the patients without psychosis (n = 40). The values of
SVAR equaled 92.7 + 17.9 and 69.2 + 19.5, respectively.
ASM, IDM, and FD did not significantly differ between
these two subgroups.

DISCUSSION

In this study in patients diagnosed with recurrent depres-
sive disorder, we investigated the potential relationship
between mathematical parameters of chromatin organi-
zation in peripheral blood neutrophils, and determinants
of depression, anxiety, and stress. The main finding is the
detected correlation between chromatin textural IDM and
self-reported stress levels using the DASS scale. Other
mathematical parameters were not significantly related
to the scores of DASS subscales. These results imply that
GLCM inversed difference moment of chromatin is poten-
tially a valuable indicator of stress, and that it may in the
future be used as an integral part of a biosensing system in
psychology, psychiatry, and related disciplines.
Recurrent depressive disorder is one of the most com-
mon mental disorders seen in contemporary psychiatry
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Figure 4. There was a statistically highly significant (p < 0.01) positive
correlation between chromatin inverse difference moment (IDM) and
Depression, Anxiety and Stress Scales (DASS-21) stress scores

practice. The exact cause of depression has long been de-
bated in medical research and today there are numerous
theories trying to explain its pathogenesis and associated
molecular mechanisms. One of such theories focuses on
the possible impact of immune system and inflammation
in the development of unipolar depression [23, 24]. Vari-
ous cytokines and other immune-related mediators have
been mentioned as potential contributors to depressive
mood. Function of both neutrophils and lymphocytes may
be changed during this disorder; however, the exact nature
of these changes remains unclear.

Depression is closely related to stress, and the major
finding of our study implies that the “stress component”
of RDD is related to changes in neutrophil chromatin
morphology. This may be due to several reasons. First,
it is possible that cortisol, a well-known stress hormone,
associated with “fight or flight” responses, may be in-
volved in the manifestation of these chromatin changes.
Depressed patients often have increased levels of cortisol,
and this hormone when chronically increased might be a
significant factor in depression development [25]. On the
other hand, glucocorticoids exhibit significant genomic
effects in neutrophil granulocytes [26]. Glucocorticoids
may cause significant changes in expression of numerous
genes, such as the ones for inflammatory cytokines, glu-
tamine synthetase and other proteins. The magnitude of
these changes may be similar to the ones seen in other
leucocyte populations [26].

Second, it is possible that epinephrine and norepineph-
rine also significantly influence the chromatin organization
of blood neutrophils. Kim et al. [27] showed that chronic
catecholamine stress induced by prolonged delivery of epi-
nephrine may significantly change the level of neutrophil
trafficking. In some cell populations, epinephrine may sub-
stantially influence inflammation-related gene expression
[28]. Changes in gene expression, if of sufficient magni-
tude, may alter the patterns associated with higher levels of
DNA/chromatin organization, which can manifest itself as
change in texture during conventional microscopy.

Finally, as correlation is not necessarily the proof of
causality, we could speculate that the patients with specific
patterns of neutrophil chromatin may have different self-
perceived stress levels due to some specific properties of
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Figure 5. Plotted values of chromatin inverse difference moment (IDM)
and Depression, Anxiety and Stress Scales (DASS-21) anxiety score;
weak but significant correlation (p < 0.05) was detected

neutrophil function. Neutrophils are secretory active cells
which produce a variety of chemical mediators. Some of
those mediators (i.e. specific interleukins) might be re-
sponsible for the subjective feeling of distress. It can be
assumed that neutrophils that are more (or less) secretory
active will differ from others in terms of their chromatin
organization. This may be related to altered euchromatin/
heterochromatin ratio, different chromatin distribution
within the nucleus, different interaction between chro-
matin and nuclear envelope. All these factors might be
associated with changes in the values of overall chromatin
homogeneity.

According to our opinion, the major contribution of
our present study is not the investigation of a specific
physiological mechanism of stress and depression, but the
fact that the GLCM IDM as a mathematical parameter
has some prognostic value in assessing the stress levels
in depressed patients. To our knowledge, to this date no
parameter of blood neutrophils exists that would be able
to serve as an indicator of stress in RDD. In fact, this is
probably one of the first works to demonstrate the poten-
tial clinical value of neutrophil chromatin mathematical
analysis, not only in RDD, but in psychiatry in general. In
the future, it would be interesting to see if chromatin IDM
is capable of predicting the outcomes of RDD therapy, or
to correlate it with other biological tests used in contem-
porary psychiatry research.

Also, the potential value of our results reflects in the
fact that GLCM analysis of blood neutrophils is an exact,
objective, and relatively affordable method which does not
require significant time and financial resources. Conven-
tional histology and pathology analysis often rely on the
subjective opinion of the professional on the appearance
of cell and subcellular components. For example, to a pa-
thologist, a nucleus may “appear” more or less disorderly in
its structure and texture, but using the conventional means,
so far it hasn’t been possible to assign quantification to
this evaluation. Mathematical textural analysis overcomes
this issue and applies a precise and objective estimate of
structural features which can be performed by almost any
medical or biological professional. This opens up numer-
ous future possibilities regarding a design of modern easy-
to-use biosensors in psychophysiology and psychiatry.
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Our study had certain limitations that need to be point-
ed out. First, we opted for Giemsa staining method, which
is today commonly used in cytogenetics. This method tar-
gets the phosphate groups of DNA, and especially the areas
of genome rich with adenine-thymine segments. There
are however numerous other staining techniques that are
able to adequately assess the structure of a nucleus. In the
future, we recommend additional experiments to be per-
formed using DNA-specific Feulgen method, as used in
our previous study on adrenal gland tissue [29]. In terms
of some aspects of interaction with the DNA molecule, this
method might be superior to Giemsa, and it would cer-
tainly be interesting to see results on textural analysis after
administration of this stain. Also, our study measured the
levels of stress in depressed patients using DASS-21 psy-
chiatric scale, which is today frequently used to quantify
subjective distress in both patients and healthy subjects;
there are, however, numerous other means to evaluate
stress in clinical conditions. Future studies would also need
to include various different physiological and psychiatric
methods for stress assessment and try to test if the math-
ematical analysis is still a good indicator of stress under
the new conditions.

CONCLUSION

Our study indicates that in patients diagnosed with recur-
rent depressive disorder, some textural features of blood
neutrophil granulocytes are associated with the levels of
subjective distress. To our knowledge, this is the first study
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to perform textural analysis of blood leucocyte chromatin
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TeKcTypanHM NapameTpy XPOMaTMHA HEYTPOPUAHMX FPAHYNOLMUTA KPBU CY
acoLMpaHM ca CTeNeHOM CTpeca Ko 601ecHUKaA ca peKyPEHTHUM A,enpecuBHUM

nopemehajem
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'YHuBep3utet y beorpagy, MeanumHcku dakyntet, UHCTUTYT 3a MeanumHcKy dusmnonorujy, beorpag, Cpbuja;

2YHueepauTet y Xaudu, Xanda, 3paen;
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Yrusep3uTeT y MctouHom Capajey, ®oua, Penybnvka Cpncka, bocHa n XepLierosuHa;

SKaTonuuku yHusep3uTet,JosaH Masne II, Jly6nuH, Mosbcka

CAMXETAK

YBoa/Lum Tokom npoteknux 20 roanHa noctojanu cy 6pojHu
MOKyLUaju An3ajH1patba 1 NPYMeHe jefHOCTaBHOT, MpUcTynay-
HOr MeTOofia 3a aHanM3y KPBY 3a AWjarHOCTNYKE 1 MPOTrHOCTUYKe
notpebe y ncmxumjaTpuju.

Y oBOM papy Nokasyjemo fa Cy HeKN MaTeMaTUyYKu1 NapameTpu
opraHv3oBatba 1 AUCTPUOYyLMje XpomaTriHa Y HeYTPOPUITHIM
rpaHynoLu1TIMa KpBM NOBE3aHN Ca HBOVIMa CTpeca Koj bonec-
HWKa ca injarHO30M PeKypeHTHOr fenpecmHor nopemehaja.
MeTtope Cryauja je cnpoBefeHa Ha 50 6onecHuKa ca auvja-
rHO30M peKypeHTHOr fenpecrBHor nopemehaja, of Kojux je
3aTpaXkeHO fa NonyHe YNUTHWK 3a Aenpecujy, aHKCMO3HOCT 1
cTpec (DASS-21). Y3opuwm neprdepHe KpBM foOUjeHN Cy of CBUX
y4ecHnKa, HanpaB/beHN Cy pa3masu Ha NPeAMETHUM CTaKu-
Ma 1 060jeHn kopuwwherbem MogudmKaLyje meToae no Mmmsu.
YKynHo 500 penpe3eHTaTMBHUX XPOMATUHCKMX CTPYKTYypa (10
no 6onecHuKy) HeyTpoduna aHanu3npaHo je Kopuiherem Tek-
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CTypanHe aHanv3e, OAHOCHO MaTemaTnuKor anroputma GLCM
(gray level co-occurrence matrix). 3pauyHaTu cy napameTpu
NonyT aHrynapHor Apyror MOMeHTa (MIHAMKaTOP TEKCTypanHe
YHUPOPMHOCTH), IHBEP3HOT MOMEHTa pasiuKe (TeKCTypaiHa
XOMOTeHOCT) 1 TEKCTYpasHe CyMe BapujaHce.

Pesyntatun Pe3yntati nokasyjy fia NOCTOjW CTAaTUCTUYKM 3HAYaj-
Ha kopenauyja (p < 0,01) namehy ogpehennx GLCM napameTtapa
XPOMATMHa, Kao LUTO je MHBEP3HM MOMEHaT pa3nunke, n DASS-21
cKopa 3a cTpec. [locTojana je 1 3HayajHa pa3nuka (p < 0,05)
y Hekum GLCM napameTprma XpomaTuHa Kop 6onecHuKa ca
AnjarHocTuduKkoBaHUM AenpecrBHUM nopemehajem ca ncuxo-
TUYKMM KapaKTepucTkama y mopehetby ca oH1ma 6e3 ncrxose.
3akmpyy4ak OBy Hanasu yKasyjy Ha To Aa TeKCTypariHa aHanmsa
XpomaTiuHa KpBHux henuja y 6yayhHocTv Moxe nmatu ogpehe-
HY NPeANKTMBHY BPeAHOCT 3a HeKe KIIMHUYKe 0CObMHe peKy-
PeHTHOT fienpecuBHor nopemehaja.

KrbyuHe peun: jeapo; CTpyKTypa; aHKCMO3HOCT; Aenpecuja
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SUMMARY

Introduction/Objective Buprenorphine appears generally similar to, and in some cases superior to,
methadone in terms of maternal, fetal, and neonatal outcomes.

The objective of the study was to assess some physical birth outcomes in neonates prenatally exposed
to buprenorphine.

Methods During a seven-year period, nine patients have been treated with buprenorphine during their
pregnancy. All women underwent interview, clinical investigations, biochemical analysis, toxicological
screening, viral markers for hepatitis B, C, HIV, with regular check-ups by an obstetrician and a psychiatrist.
Newborn outcomes included: birth weight in grams, birth length in centimeters, physical anomalies,
head/chest circumference in centimeters, Apgar score at 1 minute / 5 minutes, gestational age (weeks),
newborn length of hospital stay in days, breast-feeding, the newborn’s need for pharmacologic treat-
ment after delivery.

Results The mean birth weight was 2,991.11 + 37 g; birth length was 49.44 + 2.29 cm; head circumference
was 33.11 + 0.78 cm; chest circumference was 32.33 + 1 cmy; first minute Apgar score was 8.22, fifth minute
9.22; age at delivery was 38.77 + 1.09 weeks; hospitalization after delivery 4.44 + 1.13 days. None of the
newborns had physical anomalies. Six of the newborns were breastfed.

Conclusion Buprenorphine is a safe and important part of a complete comprehensive treatment approach
in pregnant women with opioid use disorder. Buprenorphine treatment of maternal opioid use disorder
indicated a low risk of preterm birth, normal birth weight and length, head and chest circumference,
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INTRODUCTION

Substance use disorder among pregnant women
continues to be a major public health concern,
posing risk to the child’s development, and im-
posing socioeconomic burdens on society by
increasing needs for medical and social services
[1]. Given the increasing prevalence of use of
opioids by pregnant women, and the potentially
serious maternal, fetal, and neonatal risks at-
tendant to such use, the provision of effective
treatment for this population should be a public
health priority [2].

From 2002 to 2013, the largest increase in
heroin use was among women. The rate of opi-
oid use during pregnancy is approximately 5.6
per 1,000 live births, with one study reporting
greater than 85% of pregnancies in women with
opioid use disorder (OUD) were unintended.
Opioid agonist therapy is the first-line recom-
mendation for pregnant women with OUDs.
The goals of treatment are to manage withdraw-
al, reduce cravings, and provide opioid blockade
(preventing euphoria from illicit use). The goals
of opioid agonist therapy in pregnancy are to
prevent illicit opioid use, which can increase the
risk of fetal growth restriction, abruptio placen-

tae, fetal death, preterm labor, and intrauterine
passage of meconium. Opioid agonist therapy
has been shown to increase adherence to prena-
tal care, reduce illicit drug use, reduce infection
exposure secondary to intravenous drug use,
such as HIV, HCV, improve maternal nutrition,
and improve infant birth weight [3].

The accepted treatment for OUD during
pregnancy is long-acting opioid agonist med-
ication-assisted treatment, such as methadone
or buprenorphine, within the context of a com-
prehensive program of obstetric care and psy-
chosocial interventions [4].

Buprenorphine appears generally similar
to, and in some cases superior to, methadone
in terms of maternal, fetal, and neonatal out-
comes. Like methadone, prenatal buprenor-
phine exposure appears to be associated with
a clinically significant neonatal abstinence
syndrome (NAS) requiring pharmacological
intervention in approximately half of the cases.
However, results from the MOTHER study sug-
gest that buprenorphine is associated with a less
severe NAS than methadone. Generally positive
outcomes for both mother and child follow-
ing buprenorphine exposure in randomized
controlled trials were achieved in the context
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of receiving flexible and adequate buprenorphine dosing
during pregnancy and postpartum, and comprehensive
treatment from a multi-disciplinary team. While the nature
of science is to compare and contrast treatments in order
to discover which treatment is better, the reality is that no
one treatment will be maximally effective for all patients.
Our collective commitment should be towards researching
which treatment works best for which patients [2].

The objective of the paper was to assess physical birth
outcomes in neonates prenatally exposed to buprenor-
phine (the way of delivery, sex, birth weight, birth length,
physical anomalies, head/chest circumference, Apgar score,
gestational age, newborn length of hospital stay in days,
breast feeding, newborn-required pharmacologic treat-
ment after delivery).

METHODS

The University Clinic of Toxicology, Mother Teresa Clini-
cal Center, started the treatment of OUD with buprenor-
phine in our country for the first time on August 1, 2009.
Patients with Diagnostic and Statistical Manual of Mental
Disorders (Fourth Edition) (DSM-IV) diagnosis of OUD
were treated according to Clinical Guidelines for the Use
of Buprenorphine in the Treatment of Opioid use Disor-
der —Treatment Improvement Protocol (TIP 40). Patients
were treated with buprenorphine sublingual tablets. By
January 31, 2017, a total of 235 patients have been receiv-
ing treatment of OUD with buprenorphine and 23 of them
have been women. This number varies from one month
to the next. During this period, nine patients were treat-
ed with buprenorphine throughout their pregnancy. All
the women had previously started OUD treatment with
buprenorphine. Besides previously made examinations,
all of the women who became pregnant underwent ad-
ditional investigations: interview, clinical investigations,
biochemical analysis, toxicological screening, viral markers
for hepatitis B, C, HIV, underwent regular check-ups by an
obstetrician and a psychiatrist. All the patients underwent
regular check-ups and were positive on buprenorphine
in urine sample. On several occasions during pregnancy;,
one patient was positive on THC, and one patient was
twice positive on benzodiazepines during pregnancy. All
the patients during pregnancy were negative on opiates,
methadone, cocaine, amphetamines, tramadol. They were
also Hbs Ag, antiHCV, and HIV negative. All the mothers
were receiving buprenorphine and there was no medica-
tion change. The women remained on their opioid main-
tenance therapy. Breastfeeding was encouraged.
Newborn outcomes included the following informa-
tion: the way of delivery, sex (male/female), birth weight
in grams, birth length in centimeters, physical anomalies,
head/chest circumference in centimeters, Apgar score
1 minute / 5 minutes, gestational age (weeks), newborn
length of hospital stay in days, breast feeding, the new-
born’s need for pharmacologic treatment after delivery.
The following instruments were used for testing: toxico-
logical analyses in urine samples (fluorescence polarization
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immunoassay — FPIA); qualitative tests for buprenorphine
and tramadol. All the tests were performed at the Institute
of Forensic Medicine, University Clinic of Toxicology. The
head circumference was measured above the ears equally
on both sides and across the occipital font. The chest cir-
cumference was measured across the nipple line around
the back of the newborn during exhalation. The circum-
ference measurements and body length were taken with
a measuring tape. Body weight was measured according
to the Procedure for Weighing Infants/Children using a
Digital Infant Scale. Gestational age assessment was ac-
cording to Dubovitz-Ballard score.

Maternal characteristics included the following: age
(years), education, which psychoactive substances were
used before treatment, route of psychoactive substances
administration before treatment, which pregnancy in a
row, way of parturition, miscarriage, buprenorphine dose
(mg) during pregnancy, time of treatment before preg-
nancy (months).

Inclusion criteria were as follows: all the pregnant
women had a Diagnostic and Statistical Manual of Mental
Disorders IV diagnosis of current OUD and maintenance
treatment with buprenorphine, positive buprenorphine
test, negative opiates, methadone, cocaine, amphetamines,
and tramadol test.

Exclusion criteria were the following: patients who
dropped out from the maintenance treatment with bu-
prenorphine by their own volition; patients who did un-
dergo regular check-ups, patients with negative buprenor-
phine test.

This treatment was carried out with the approval from
the Ministry of Health (National Program for the Treat-
ment of Patients with OUD) and from the Institutional
Board of University Clinic of Toxicology. All the patients
underwent this treatment with written consent.

Descriptive statistics was done with the statistical pro-
gram SPSS for Windows, Version 13.0 (SPSS Inc., Chicago,
IL, USA).

RESULTS

This study included nine pregnant women on treatment
with buprenorphine for OUD. The mean age of these pa-
tients was 27.22 + 2.58 years. Before treatment, five of the
patients had heroin use disorder alone, three had polydrug
use disorder, and one took methadone from the “black
market” Two of them took opioid intravenously, but all
were HbsAg, antiHCV, and HIV negative. It was the first
pregnancy for all of them. Only one patient had spon-
taneous miscarriage after her first pregnancy, due to an
unknown reason. Two patients had cesarean section. The
mean dose of buprenorphine during pregnancy was 11.11
* 4.37 mg. The lowest dose was 6 mg and the maximum
dose was 16 mg. The average treatment duration with bu-
prenorphine before pregnancy was 21.44 + 9.72 months.
In the end, in two of all the included patients, the dose
was slowly reduced and they finished the treatment with
buprenorphine.
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c = Route of PAS Buprenorphine Time of treatment
| L . Use of PAS before . f . . A
© | 2 o| Education administration | Pregnancy | Miscarriage | dose (mg) during before pregnancy
© > treatment
a before treatment pregnancy (mg) (months)
1 27 | secondary heroin inhalation First none 16 18
25 | secondary heroin inhalation First none 6 9
3 29 university Methgdong, Per os First none 10 24
degree benzodiazepines
universit Methadone,
4 31 4 benzodiazepines, | Inhalation, per os First none 12 19
degree -
tramadol, heroin
5 30 | secondary heroin inhalation First none 16 11
29 | secondary methadone intravenously First none 16 14
7 24 university heroin intravenously First one 6 28
degree
8 25 university Methadolne, hgrom, Inhalation, per os First none 12 36
degree benzodiazepines
9 | 25 | secondary heroin inhalation First none 6 34

PAS - psychoactive substances

Table 2. Physical birth outcomes in neonates prenatally exposed to buprenorphine with serial number corresponding to the serial number of

the mother in Table 1
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1 spontaneous f 2750 50 no 33/32 9/10 39 4 No /
2 spontaneous m 2950 51 no 33/32 8/9 38 5 Yes
3 spontaneous f 3100 49 no 32/31 8/9 39 6 Yes
4 caesarean m | 3350 51 no 34/33 9/10 40 5 No /
section
5 spontaneous f 2200 44 no 32/31 8/9 38 4 Yes /
6 spontaneous f 2830 48 no 34/32 8/9 38 3 Yes /
7 | cesarean section | m 3150 50 no 33/33 8/9 40 6 Yes /
8 | spontaneous | m | 3150 51 no 33/33 8/9 38 3 No Phenobarbitone
2x5mg
9 spontaneous m 3440 51 no 34/34 8/9 40 4 yes /
Maternal characteristics are outlined in Table 1. DISCUSSION

In Table 2, newborn outcomes are presented, with se-
rial number corresponding to the serial number of the
mother in Table 1. Most of the patients (n = 7) had spon-
taneous parturition, only two patients had cesarean sec-
tion. Five of the newborns were boys. The mean birth
weight was 2,991.11 + 37 gm and the mean length was
49.44 +2.29 cm. None of the newborns had physical anom-
alies. The mean head circumference was 33.11 £ 0.78 cm
and the mean chest circumference was 32.33 + 1 cm. The
mean Apgar score was 8.22 in the first minute, and 9.22 in
the fifth minute after delivery. The mean age at delivery was
38.77 £ 1.09 weeks. The mean length of hospital stay was
4.44 + 1.13 days. Six of the newborns underwent breast-
feeding. One of the patients stopped with breastfeeding at
her mother’s suggestion, and the other two newborns were
formula-fed. Phenobarbitone was prescribed in only one
newborn as prevention from seizures, while the remaining
eighth newborns received no treatment.

Physical birth outcomes in neonates prenatally exposed
to buprenorphine are outlined in Table 2.

In 2009 for the first time in our country, University Clinic
of Toxicology offered patients with OUD an alternative
way of treatment with buprenorphine. By 2017, nine pa-
tients were treated with buprenorphine throughout their
pregnancy. The American College of Obstetricians and
Gynecologists has urged that buprenorphine be considered
first-line treatment, but methadone is likely still the gold
standard due to slightly higher adherence, more tightly
controlled dosing, and insufficient evidence that buprenor-
phine is superior to methadone treatment [1].

As far as the dose of buprenorphine during preg-
nancy in this study, the mean dose of buprenorphine
was 11.11 + 4.37 mg. The lowest dose was 6 mg and the
maximum dose was 16 mg. Similar results were shown
in a study by Farid et al. [5], where buprenorphine doses
used to maintain the pregnant woman were variable, with
a mean dose range of 5.3-18.7 mg/day. In our study, the
mean gestational age was 38.77 + 1.09 weeks. Fourteen
other non-randomized studies got similar results [2, 6].
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This study reported no physical birth anomalies. Similar
results were reported in MOTHER and PROMISE study [2].

In our work, the mean birth weight of neonates was
2,991.11 + 37 g and the mean length was 49.44 + 2.29 cm.
The mean head circumference was 33.11 + 0.78 cm and
the mean chest circumference was 32.33 + 1 cm. The mean
Apgar score was 8.22 in the first minute, and 9.22 in the
fifth minute after delivery. Similar studies that reported
summary data suggest most neonates were full-term and
within normal limits: birth weight (20 studies: 3,087.2 g),
birth length (10 studies: 49.4 cm), and head circumfer-
ence (nine studies: 34 cm) [2, 7]. Coulson et al. [8] in one
retrospective cohort study conducted in a comprehensive,
perinatal program in western North Carolina reported that
differences in neonatal outcomes reached statistical sig-
nificance for larger head circumference for buprenorphine
doses, and for greater length with low to moderate dose
buprenorphine versus high dose methadone. Similar re-
sults were reported in national registry studies from the
Czech Republic and Norway, with 333 and 235 women,
respectively, using opioid maintenance treatment during
pregnancy [9].

Findings in one study by Nguyen et al. [6] showed neo-
natal outcomes (prenatally exposed to buprenorphine)
within normal ranges for delivery and growth parameters.
Moreover, mean birth weights have been mostly above 2.9
kg, with the lowest weight reported at 2.796 kg. Farid et al.
[5] in their study reported that in most pregnancies birth
weight, Apgar scores, head circumference, and body length
were within normal ranges.

Methadone and buprenorphine are widely used to treat
OUD. However, compared with methadone, buprenor-
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phine is associated with shorter treatment duration, less
medication needed to treat NAS, and shorter hospitaliza-
tion for neonates [7, 10]. In our study, the mean length
of hospital stay was 4.44 + 1.13 days. Six of the newborns
underwent breastfeeding. Phenobarbitone was prescribed
in only one newborn as prevention from seizures, while the
remaining eighth newborns received no treatment.

The present study has some limitations. The presented
patients were the only ones on maintenance treatment with
buprenorphine at the University Clinic of Toxicology; this
study included only nine cases; a larger series of patients is
necessary in order to reach conclusions on the association
between pregnancy and OUD treatment with buprenor-
phine; more neonatal growth factors have to be observed.

CONCLUSION

Buprenorphine is a safe and important part of a complete
comprehensive treatment approach for pregnant women
with OUD. Buprenorphine treatment of maternal OUD
indicated a low risk of preterm birth, normal birth weight
and length, head and chest circumference.
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dusunuke KapaKTepnuctuke HOBOpOf)EH‘-IaAM npeHaTa/HO U3n0XeHe

6ynpeHop¢dUHY — HaLa NpBa UCKYCTBA

Hatawa CumoHoBcka', betu 3aduposa-VsaHoBcka’, AnekcaHapa babynoscka'
'YHusep3urtert,CB. hupuno n Metoauje’, MegnumHckmn gakyntet, KnuHuukm LeHTap ,Majka Tepesa’, YHUBep3uUTeTCKa KNMHWKa 3a

Tokcukonorujy, Ckonsbe, Penybnvka CeBepHa MakenoHuja;

2Ynuepautet,Cs. Fiupuno n Metoguje’, MeguuuHckm dakyntet, UIHCTUTyT 3a enupemnonorujy u 6uoctatuctuky, Ckonsbe, Peny6bnika

CeBepHa MakefoHuja

CAXETAK

YBoa/Linm bynpeHopdyiH je yonwuTeHO CMYaH a 'y HeKUM cily-
yajeBMMa 60/bY OfF METaAIOHA 3a MajKy, GeTyc 1 HoBopoheHuag.
Linmb paga je npoLieHa Heknx GU3NYKIUX KapaKTepUCTIKa HOBO-
poheHuYan npeHaTanHo N3NOXKeHUX 6ynpeHopdUHy.
MeTope Y nepropy of ceaam rofyHa, AEBET XeHa ca 6onelhy
3aBVICHOCTMN O OMMOUAA JIEYEHO je ByNPeHOPPMHOM TOKOM
TpyAHohe. CBe TpyOHULE Cy NOLABPIHYTE NHTEPB]YY, KNMMHUYKAM
NCNUTUBaKMIMa, BUOXEMUjCKMM aHaNM3ama, TOKCMKOJIOLIKOM
CKPVIHWHTY, ogpehunBatby BUPYCHUX MapKepa 3a XenaTuTunc
B, LI, XMB v pefoBHO Cy KOHTpONIMCaHe Of CTPaHe aKyluepa 1
ncuxujatpa. NMpocneheHn napameTpy Koa HoBopoheHuaau cy
nopohajHa TexrHa y rpammma, nopohajHa gyuHa y LeHTrme-
TpuMa, u3nyKe aHomanuje, 06MM rnaBe/rpyam y LeHTUMETpU-
Ma, Anirap ckop 1 MUH. / 5 MyH., recTalmjcka cTapocT (Hegerba),
Dy»KvHa 6onHMYKor 6opaBKa y AaHUMa, Aojerbe, papMaKosOoLIKK
TpeTMaH nocne nopohaja.

PesynTtatu [poceyHa nopohajHa TexuHa je 2991,13 + 37 g;
npoceyHa nopohajHa ayxuHa je 49,44 £ 2,29 cm; obum rna-
Be 33,11 + 0,78 cm; o6um rpyan 32,33 + 1 cm; Anrap ckop
8,22/9,22; rectauujcka ctapoct 38,77 £ 1,09 cegmuua; oy>KuHa
6onHuuKor 6opaBKa 4,44 + 1,13 gaHa. CBa HoBopoheHuaa 6una
Cy 34paBa, 6e3 KOHreHWUTaNHYX aHoManvja.

3akmyyak bynpeHop¢uH je curypaH 1 BaxkaH feo cBeobyx-
BaTHOTI TPeTMaHa Kof TpyaHuLUa ca bonewhy 3aBycHOCTU of
onvounga. Jleuerbe bynpeHopPprMHOM pe3ynTrpasno je HUCKUM
pU3MKOM of MpeBpemeHor nopohaja, HopmanHom nopohaj-
HOM TEXMHOM 1 Jy>KMHOM, 0O6MMOM INaBe 1 rpyau, HOpMaaHUM
BpeAHOCTMa Anrap CKOpa, KpaTKUM XocnuTanu3aLmjama nocne
nopobhaja.

KmyuHe peun: 6ynpeHopduH; TpyaHoha; HoBopoheHuag; dpu-
3MYKe KapaKTepucTrKe nocne nopohaja
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SUMMARY

Introduction/Objective We determined the impact of antioxidant supplementation by GE132° on
sports performance, oxidative stress markers, and muscle enzymes activities in professional female
basketball players.

Methods Repetitive strength, explosive power, anaerobic endurance, and agility performance were
measured before/after the 45-day supplementation period. The FORT (Free Oxygen Radicals Test) and
FORD analysis (Free Oxygen Radical Defense) were assessed before/after basketball specific exercise bout,
at the beginning/end of observational period. The grade of muscle damage was evaluated by aspartate
aminotransferase (AST), creatine kinase (CK) and lactate dehydrogenase (LDH).

Results After supplementation period, significant difference was not recorded regarding the basic
motor skills tests. Basketball specific exercise bout induced significant increase in FORT (p < 0.05)
only at the beginning of supplementation period. Both FORT and FORD significantly decreased over
the observational period (p < 0.001, p < 0.01, respectively). CK and LDH were remarkably lower at
the end of observational period (p < 0.05), compared to the baseline.

Conclusion Exogenous supplementation with protective nutraceuticals such as those found in
GE132°, could reduce acute/chronic oxidative stress and muscle damage, but had no effect on

sport performance in basketball players.

Keywords: antioxidants, oxidative stress; FORT; FORD; basketball; muscle damage

INTRODUCTION

Moderate physical activity, associated with a
balanced diet, provides numerous health ben-
efits. However, exhaustive and/or intense train-
ing sessions are associated with increased pro-
duction of reactive oxygen species (ROS) and
might lead to oxidative stress (OS) in skeletal
muscles, blood, and perhaps other tissues [1, 2].
An increasing body of evidence implicates OS in
the pathogenesis of numerous diseases, includ-
ing diabetes, certain cancers, and cardiovascular
disease. Importantly, exercise-induced OS might
be associated with fatigue, muscle damage, and
increased recovery time, which can all affect ex-
ercise performance [3-6].

The body contains an antioxidant defense
system that depends on dietary intake of anti-
oxidant vitamins and minerals and the endog-
enous production of antioxidant compounds
such as antioxidant enzymes and numerous
non-enzymatic antioxidants, involved in the
quenching or removal of free radicals [7]. Phys-
ical training may enhance the antioxidant de-
fense system to offset the barrage of ROS gener-
ated during exercise [8, 9]. However, the body’s

natural antioxidant defense system might not
be sufficient to counteract the increase in ROS
production during high-intensity or prolonged
intermittent aerobic or anaerobic exercise [10,
11]. Additionally, a large number of athletes
failed to ingest sufficient quantities of fruits
and vegetables, which also suggest suboptimal
intake of various antioxidants.

Previous research has demonstrated that
antioxidants obtained through antioxidant
rich diet or supplementation can reduce lip-
id peroxidation [12-15] and muscle damage
[13, 16-19], indicating reduced OS. Although
isolated studies reported potential ergogenic
properties of antioxidants [20, 21, 22], overall
conclusion is that there is limited evidence that
dietary supplementation with antioxidants im-
proves human performance.

We investigated the effect of proprietary nu-
traceutical blend GE132° on OS, muscle dam-
age and sport performance in female basketball
players. This blend contains several components
with various biological effects including antioxi-
dant properties. Each capsule contains 100 mg
of Ganoderma lucidum extract (20%), 130 mg
of royal jelly (26%), 80 mg of resveratrol (16%),
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30 mg of shark protein complex (6%), 80 mg of green tea
extract (16%), and 80 mg of rosehip extract (16%). It was
shown that these components have many therapeutic ef-
fects including anticarcinogenic and antihypertensive ef-
fects, immunomodulatory effect, rheumatism alleviation,
and hepatic disease prevention, health benefits related to
gastrointestinal disorders, metabolic diseases, and aller-
gies [23-26].

The efficacy of this blend has never been tested before.
Because of the great interest in using antioxidant nutri-
ents as a preventive and therapeutic tool in clinical medi-
cine and in physical activity, the aim of the present study
was to determine the effects of this dietary supplement
on OS, muscle damage and sport performance in female
basketball players during competitive half season. It was
hypothesized that athletes would demonstrate lower OS
and muscle damage in response to exercise and training
after supplementation period.

METHODS
Subjects

Fourteen senior female basketball players, who play in the
first league club Red Star, Belgrade, Serbia, participated in
this study. Athletes gave written consent after explanation
of the purpose, demands, and possible risks associated with
the study. The protocol was in accordance with the Dec-
laration of Helsinki for Research on Human Subjects and
it was approved by the Ethical Committee of Sport Medi-
cine Association of Serbia. All participants passed sports
medical examination and were eligible for participation
in competitive sport. None of the subjects reported any
serious injury or disease six months prior to or during the
study. All subjects were non-smokers and did not use oral
contraceptives, anti-inflammatory drugs, or dietary supple-
ments (i.e. antioxidants) one month before and during the
study. Subjects were instructed to restrain themselves from
making any drastic changes in the diet. All of them had
regular menstrual cycles and none of them were in the
menstrual phase at the time of blood sampling.

Study design and supplementation

The study was conducted during a competitive half season,
over the 45-day period. During this period, athletes were
engaged in a controlled training program, and participa-
tion in the study did not have any effect on previously
determined training and competition schedule. Subjects
completed two basketball specific exercise bouts, at the
beginning and at the end of the observational period.
Supplementation started after the first exercise bout and
continued for 45 days. Before and after each exercise bout,
capillary blood samples were collected for OS measure-
ment. Venous blood samples were collected at the begin-
ning and at the end of observational period for muscle
enzyme analysis. In addition, all players performed basic
motor skills tests at the beginning and at the end of the
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study, in order to evaluate strength, endurance, and agil-
ity as the most commonly used motor skills in basketball.

All subjects received antioxidant complex supplement,
GE132°, during 45 days. Athletes were told to comply with
supplementation protocol and to take two capsules daily,
one before lunch and the other before dinner. Capsules
were counted upon return of the capsule bottles to assess
compliance.

Procedures and measurements

Baseline measurements: Prior to enrolling in the study,
all subjects completed a body composition assessment,
standard blood chemistry screening, medical history, and
physical activity questionnaire. Anthropometric and body
composition characteristics were determined by using Seca
height measuring instrument (Seca GmbH, Hamburg, Ger-
many) and Tanita scale BC-418 MA (Tanita Corp., Tokyo,
Japan).

Basketball-specific exercise bout: Each exercise bout con-
sisted of a general warm up and stretching (approx.10 min),
technical-tactical training (approx. 30 min), heavy training,
including training of counterattacks and simulated full- or
half-court basketball games (approx. 40 min), and finally
a cool-down phase (approx. 10 min). Each subject served
as self-control to eliminate any biological variability in the
response to antioxidant supplementation. The exercises
were carried out under the same conditions, in the same
place and time of the day to avoid circadian variations.

Basic motor skills tests

Strength: In order to evaluate repetitive strength, players per-
formed push-ups and sit-ups to failure. Push-ups were done
by placing hands just wider than shoulders. Subjects were
told to keep their elbows fairly close to body and point them
back and not to flare them out to the sides. They lowered
until their chests were just above the floor, paused for a split
second, and then pressed themselves back up. In order to do
sit-ups, subjects were told to raise the torso from a supine
to a sitting position and then lie back down again without
moving the legs. Knees were bent at an angle of 90°and arms
were held crossed behind the neck during the test. Only
correct repetitions were taken into account.

Explosive strength was assessed by Globus Ergo Tester
Platform. Squat jump (S]), countermovement jump (CM]J),
vertical jump (V]), left leg (LL) and right leg (RL) jumps
values were obtained. The subjects stood on the contact plat-
form connected to a digital timer that recorded the flight
time and height of all jumps. The timer was triggered by the
release of the player’s feet from the platform, and stopped at
the moment of touchdown. SJ was performed from a start-
ing position of 90° knee angle without allowing any counter
movement. The subjects were told to jump as high as they
can without performing a countermovement. The hands
were held on the hips during the jump, thus avoiding any
arm swing. During the CM]J, subjects were in the position
with knees slightly bent and moved into a semi-squat posi-
tion before jumping. Subject’s hands also remained on the
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hips throughout CMJ. One leg jumps (RL and LL) were per-
formed in the same way as the CM]. The only difference was
that subjects were jumping from and landing on the same
leg. Considering the V], the similar technique was used like
in the CMJ, but subjects were able to perform the arm swing
during the jump. Each player performed three jumps and
the highest values achieved were recorded.

Endurance: Anaerobic endurance, as an important as-
pect of basketball, was evaluated by 300-yard shuttle test.
Marker cones and lines were placed 25 yards apart to in-
dicate the sprint distance. Stopwatch was used to record
results of the test. Athletes were told to run as fast as they
can to the opposite 25-yard line, touch it with their foot,
turn and run back to the start. This was repeated six times
without stopping (covering 300 yards total). After a 5-min-
ute rest, the test was repeated. The average values of the
two 300-yard shuttles were recorded.

Agility: Agility performance of basketball players was
assessed by agility t-test. Four cones were set in the court
(5 yards = 4.57 m, 10 yards = 9.14 m), and the subjects
started at cone A. When the times sounded off, the subjects
sprinted to cone B and touched the base of the cone with
their right hand. Then, they turned left and shuftled side-
ways to cone C, also touching its base, this time with their
left hand. The subjects were then shuffling sideways to the
right to cone D, touching the base with the right hand. At
last they shuffled back to cone B, touching it with the left
hand, and ran backwards to cone A. The stopwatch was
stopped as they passed the cone A. The test was performed
three times and average value of all three attempts was
taken into account.

Oxidative stress and biochemical measurements: In order
to evaluate OS status, approximately 15 minutes before
and 15 minutes after each basketball specific exercise bout,
capillary blood samples were collected for FORT (free oxy-
gen radicals test) and FORD (free oxygen radical defense)
measurements. The free radical analysis system FORM
PLUS 3000 (Callegari S.P.A., Parma, Italy), incorporating
a spectrophotometric device reader, was used to measure
these parameters. Test kits used with this instrument are
highly reliable, rapid, and user-friendly for the global
evaluation of the oxidative status (radical-induced dam-
age index and the total antioxidant capacity) in the body
from capillary blood.

FORT assay provides an indirect measurement of hy-
droperoxide, which are intermediate oxidative products of
lipids, amino acids and peptides and therefore useful mea-
sure of OS. It is a colorimetric test based on the ability of
transition metals, such as iron, to catalyze the breakdown
of hydroperoxide into derivative radicals. These derivative
radicals are then preferentially trapped by a suitably buffered
chromogen: 4- Amino-N-ethyl-N-isopropylaniline hydro-
chloride and develop, in a linear kinetic based reaction at
37°C, a colored fairly long-lived radical cation spectrophoto-
metrically detectable at 505 nm. The intensity of the color
correlates directly with the quantity of radical compounds,
which is related to the oxidative status of the sample [27].

FORD test provides an estimation of the overall an-
tioxidant capacity of blood plasma. This test is based on
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the ability of antioxidants present in plasma to reduce a
preformed radical cation. A stable colored cation (photo-
metrically detectable at 505 nm) is formed in the pres-
ence of an acidic buffer (pH = 5.2) and an oxidant (FeCl,).
Antioxidant compounds present in the analyzed sample,
reduce the radical cation of the chromogen, quenching
the color and producing a discoloration of the solution,
which is proportional to their amount in the sample [27].

To examine the extent of muscle damage, venous blood
samples were collected from the antecubital vein of athletes
in serum separator tube using vacutainer system (Greiner
Bio-One, Kremsmiinster, Austria). The serum separator
tubes were placed on ice and left to stand for 30 minutes
to facilitate clotting before being centrifuged at 3500 g for
15 minutes to obtain serum. Creatine kinase (CK), lactate
dehydrogenase (LDH) and aspartate aminotransferase
(AST) were determined in a clinical laboratory using cur-
rent bioassays based on methods by Johnson et al. [28].
LDH activity determination is based on the conversion
of pyruvate to L-lactate by monitoring the nicotinamide
adenine dinucleotide (NADH) oxidation. AST is assayed
in a coupled reaction with malate dehydrogenase in the
presence of NADH. In the determination of CK activity,
the enzyme reacts with creatine phosphate and adenos-
ine diphosphate to form adenosine triphosphate, which is
coupled to the hexokinase/guanosine diphosphate reaction
generating NADPH.

Statistical analysis

Statistical analyses were performed with the software IBM
SPSS Statistic version 20.0 (IBM Corp., Armonk, NY). All
data were assessed for normality (one-sample Kolmogorov-
Smirnov test). FORT and FORD were analyzed using two-
way analysis of variance (ANOVA) with repeated measures.
Significant changes in muscle enzyme activities at rest, as
well as values of basic motor skills test obtained at the be-
ginning and at the end of the study were analyzed using
paired sample t-tests. Data were expressed as mean + SD.
A p-value < 0.05 was considered statistically significant.

RESULTS

Descriptive characteristics of the basketball players are
shown in Table 1. All subjects consumed the appropriate
amount of product throughout the study period. None of
the subjects reported adverse effects related to the dietary
supplement.

Statistically significant difference was not recorded re-
garding the results of basic motor skills tests after 45-day
supplementation period. The obtained results are shown
in Table 2.

Basketball specific exercise bout induced significant in-
crease in FORT at the beginning of observational period
(p < 0.05), (Figure 1). However, these changes were not
recorded after 45 days of supplementation. In addition, the
FORT significantly decreased after 45-day supplementa-
tion period (p < 0.001). ANOVA repeated measures re-
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vealed significant decrease in FORD over the observational
period (p < 0.01).

We established the overall OS status of the athletes
based on both the FORT and FORD results, according to
the manufacturers’ direction. Five major profiles: normal
status NS, latent OS, compensated OS, at risk of OS and
OS in progress — have been depicted [27]. The number of
athletes with OS in progress was reduced from 71% (10/14
athletes) to 0% (0/14 athletes) and the number of athletes
with NS (2/14 athletes) was increased from 14% to 86%
(12/14 athletes) as a result of antioxidant supplementation.

The CK and LDH levels at rest, as indicators of muscle
damage, significantly decreased after 45 days of supple-
mentation (p < 0.05); while no changes were detected,
regarding the AST levels (Table 4).

DISCUSSION

In the present study, female basketball players were sup-
plemented with complex antioxidant supplement GE132°
during 45 days. The study was performed just before the
start of regular basketball season and after completion of
basic conditioning training period. This period was chosen
since preseason training is highly demanding for athletes
because they are engaged in both frequent and high inten-
sity workouts with little or no time to recover. This training
program allows neuromuscular and endocrine systems to
adapt after the loads placed to them and potential redox
status adaptations occur [7, 9, 29, 30].

The major findings of this study indicate that:

1. single basketball training session can increase OS in
trained females;

2. the antioxidant combination treatment with GE132°
used in this study can significantly attenuate the rise
of blood OS markers and muscle damage after bas-
ketball exercise and training;

3. GE132° supplementation does not provide benefit for
enhancing motor skills of female basketball players.

Barali¢ |. et al.

Table 1. Characteristics of female basketball players

Variables Mean + SD
Age (years) 206 +27
Height (cm) 178.1+7.8
Weight (kg) 72.9+10.9
Body Mass Index (kg/m?) 227 +22
Percent body fat (%) 20.7 +4.5
Years of training (years) 82+27

Hours per week of training (h) 142 +4.8

Values are presented as mean + SD

Table 2. Performance changes before and after supplementation pe-
riod in female basketball players

. Before After

Motor skills . . p
supplementation | supplementation

Push-ups (N) 31.5+10.2 38.3+10.9 <0.05
Sit-ups (N) 95.5 +50.1 121.3+50.4 n.s.
Squat jump (cm) 224+29 234+28 n.s.
Countermovement 27556 28.1+43 n.s.
jump (cm)
Vertical jump (cm) 36.1+7.91 36.77 £ 6.55 n.s.
Right leg jump (cm) 147 £3.7 15.8+2.8 n.s.
Left leg jump (cm) 152+29 159+2 n.s.
Anaerobic 75857 741+49 | <005
endurance (sec)
Agility (sec) 11.1+0.5 10.9+0.7 n.s.

Values are presented as mean + standard deviation; N - number of
repetitions; cm - centimeters; sec — seconds

Table 3. Muscle enzyme activities at rest before and after supplemen-
tation period in female basketball players

Enzyme levels HEDlE . bl . p
supplementation | supplementation

AST (IU/L) 21.7+£36 19.5+23 n.s.

CK (IU/L) 1435+ 35.6 108.7 £32.3 <0.05

LDH (1U/L) 1794 + 144 164 £25.6 <0.05

Values are presented as mean + standard deviation; AST — aminotransferase;
CK - creatine kinase; LDH - lactate dehydrogenase
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Figure 1. a) The levels of reactive oxygen species measured by the Free Oxygen Radicals test (FORT) before and after supplementation, in
pre-exercise and post-exercise conditions; b) the capacity of plasmatic antioxidants Free Oxygen Radical Defense test (FORD), measured by
FORD test before and after supplementation, in pre-exercise and post-exercise conditions; values are presented as mean * standard deviation;

*p < 0.05;
##p < 0.01;
### p < 0.001
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Based on FORT assay measurement, we found that OS
was significantly increased in response to basketball specific
exercise bout before supplementation. Basketball is one of
the mixed sports that include aerobic phases (intermittent
running at different intensity) and anaerobic phases (jumps,
sprints). Therefore, the increased free radical generation in
basketball can occur via several pathways: mitochondrial
respiration, oxidase enzymatic activity (NADPH oxidase,
xanthine oxidase), via phagocytic respiratory burst, a loss
of calcium homeostasis and/or the destruction of iron con-
taining proteins [2, 31]. The increase in ROS production
resulting from any of the above sources, could lead to oxida-
tive changes of different biomolecules, and increased levels
of OS. The antioxidant supplementation attenuated this
increase after exercise bout at the end of study period, as
evidenced by the non-significant changes in FORT levels.
Additionally, the overall decreased FORT levels indicate
less oxidative damage after 45 days of supplementation.
The attenuated OS response is consistent with other stud-
ies using antioxidant supplementation [12, 15, 18, 32-36].
On the other hand, similar changes might occur as a result
of adaptive response to chronic exercise [7, 9]. However,
since present study was conducted after the conditioning
preseason training, which allowed redox status adaptations,
the reduced OS observed in female basketball players might
be the result of antioxidant supplementation alone.

The antioxidant system capacity of plasma, measured by
FORD test, depends on individual and synergic effects of
different molecules, such as proteins, glutathione, vitamin
E, ascorbate, carotenoids, and phenolic compounds. We
detected no changes of FORD in response to exercise at the
beginning of neither the observational period or at the end.
Mobilization of tissue antioxidant stores into the plasma is
an accepted phenomenon that would help maintain anti-
oxidant status in plasma at certain level and protect body
against ROS [37]. In addition, soluble plasma antioxidants
work synergistically to defend against oxidant production,
meaning that when one antioxidant nutrient is lacking at a
particular period in time, another could substitute or it may
be regenerated by another that is in abundance [38]. These
rapid, dynamic responses in order to maintain redox ho-
meostasis could be the reason for non-significant changes
observed in FORD after the exercise. However, plasma lev-
els of antioxidants, measured by FORD, decreased over the
entire observational period in response to supplementation.
This may not increase athlete’s susceptibility to OS, since
supplementation decreased oxidative modifications of vari-
ous biomolecules, as indicated by FORT test. In addition,
OS status of the female basketball players was improved
after supplementation, judging by the increased number
of athletes with NS and decreased number of athletes with
OS in progress. Therefore, this antioxidant supplement may
provide protection against the negative health consequences
of free radicals produced during training.

Although the mechanisms behind exercise-induced
muscle damage are not precisely known, it is believed
that along with initial mechanically induced disruption,
secondary damage is caused by the free radical production
and subsequent OS [39]. Some markers, such as AST, CK,
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and LDH, have been used as a way to indicate the grade
of muscle cell damage, especially after playing a sport,
since microfiber breakdown releases cell content [5, 40].
The supplementation with antioxidants significantly re-
duced plasma muscle enzyme activities (CK and LDH),
suggesting the involvement of oxidant mechanisms on
tissue injury induced by the exercise. This finding can be
explained by protective effect of antioxidants against lipid
peroxidation, resulting in less muscle membrane damage.
Our results are in accordance with several studies, which
reported beneficial effects of antioxidants in terms of mini-
mizing the rise in muscle enzyme activity in response to
exercise [16-19, 41, 42].

There has been a general inconsistency of outcomes
when investigating the role of antioxidant supplementation
in exercise performance, with the majority of the studies
reporting no benefits. In accordance, in the present study
no statistically significant difference was observed regard-
ing repetitive or explosive strength, endurance, or agility
performance after supplementation period in comparison
to baseline.

The limitations of the study include the small number of
subjects and the short duration of supplementation. How-
ever, particular strength of this study is the fact it was con-
ducted during a regular competitive half season, reflecting
habitual conditions of nutrition and training program. In
addition, this is the first study examining the effects of
nutraceutical blend GE132°.

CONCLUSION

Previous studies showed that professional athletes are
exposed to increased OS over the periods of intensive
training. Exercise-induced OS might be associated with
fatigue, muscle damage, and increased recovery time that
can all affect exercise performance. For that reason, reli-
able and quick tests for OS status measurements, such as
FORD and FORT assays, might be very useful for training
and supplementation planning. Exogenous supplementa-
tion with protective nutraceuticals such as those found in
GE132°, could reduce acute and chronic OS during high
intensity efforts, and provide beneficial effect on muscle
function recovery. The results of the present study sug-
gest that GE132° supplementation does not enhance per-
formance of female basketball players, but rather provide
protection against detrimental health consequences of ROS
produced during training.
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YT1yaj KombnMHOBaHe cynnemeHTaLmje aHTUOKCUAAHCMMA Ha OKCUBATUBHU CTpec,
owtehere muwwmnha 1 cNOPTCKY CNOCOOHOCT KOA KOLLApKalLMLa

WBaHa bapanuh'? Tamapa CrojmeHoBUNh? Mapuja Anhenkosuh? bpuxuta Hophesuh?, Henag Qukuh?,

Catba Pagojesuh-Lkogpuh?, CHexaHa lMejuh’

'KnuHuyko-60nHnuKN LieHTap ,3Be3apa’; beorpag, Cpbuja;
2Ynpyxetbe 3a MeanumHy cnopta Cpbuje, beorpag, Cpbuja;

3YHuBep3suTet y beorpapy, apmaLeyTckn dakynter, MIHCTUTYT 3a 6pomatonorujy, Beorpag, Cpbuja;
*YHuBep3uTeT y beorpagy, MeguuuHckm dakyntet, UHcTuTyT 3a natonorujy, beorpap, Cpbuja;
YHueep3uTeT y beorpaay, HCTUTYT 3a HyKneapHe Hayke ,BuHua’, JlabopaTopuja 3a MonekynapHy 6uonorujy u eHgokpuHonorujy, beorpag,

Cpbuja

CAMETAK

YBopa YTBpaman cMo yTuuaj KoMbrHauumje aHTMoKCcMaaHaTa
GE132° Ha cnopTcKy CNocobHOCT, Mapkepe OKCUAATUBHOT
CTpeca 1 akTMBHOCTY MULIMAHMX eH31Ma Kog npodecroHan-
HWX KOLLapKaLlumua.

Linm nctpaxnBatba je ga ce ncnmta noy3gaHocT U BalMaHOCT
OHIP-14 Ko LPHOTOPCKOT CTaHOBHULUTBA CTapOCTy 65 1 BULLE
rofvHa v fa yTBpAwM yTuLaj opanHor 3apaBsba Ha KBaNUTET Hou-
XOBOF XMBOTa.

Mertopge MoHoBIbEHA CHara, eKCNIo3nBHa CHara, aHaepobHa
N3APXKIbUBOCT Y aruIHOCT Cy MepeHu npe/noce 45-gHeBHOT
nepviofa cynnemeHtauuje. FORT (TecT cio60gHUX KNCEOHNYHIX
paguvkana) u FORD (TecT aHTUOKCVAATVBHE 3aLLUTHTE) NPOLIEHEHM
cy npe/nocne cneuudnUHOr KOLWapKaLIKOr TPEHMHIa Ha NoYeT-
Ky/Kpajy nepuoga cynnemeHtauuje. CreneH owrehera mywmha
je npoLerbeH MepereM akTVBHOCTU acrapTaT-aMHOTPaHchepa-
3e, KpeaTuH-K/Ha3e 1 NaKkTaT-gexmaporeHase y cepymy.

Srp Arh Celok Lek. 2019 Nov-Dec;147(11-12):729-735

PesynTtatu Mocne cyniemeHTauuje Huje 3abenexeHa 3Hauaj-
Ha pasfnvka y pe3yntatima TecToBa MOTOPUYKUX CNIOCOOHO-
CTV y OAHOCY Ha Nepunog npe cynnemeHTaumje. KowapkaLluku
crneundryHM TPEHMHT je 13a3Bao 3HauajHo noseharbe FORT-a
(p < 0,05) camo Ha noyeTKy nepuoga cynnementaumje. I FORT
n FORD cy 3Ha4yajHO onanu TOKOM NOCMaTpaHor nepuoaa
(p<0,001, p <0,01). KpeaTnH-KnHa3a 1 NaKkTaT-geXMApPoreHasa
cy bune 3HauajHO HUXKe Ha Kpajy neproaa nocmatparba (p < 0,05)
y nopeherby ca BpeHOCTMMa Npe cynnemeHTaLmje.
3akmpyyvak CynnemeHTauuja ca 3alUTUTHUM HYyTPUTUBHIM Npe-
napaTtrMa, Kao LITO cy oHN y GET132°, moXe cMambUTH akyTHW/
XPOHUYHU OKCUAATUBHY cTpec 1 owuTehere muwmrha, anv Huje
noKasaH yTuLaj Ha criopTcke nepdopmaHce KolapKaLumua.

KrbyuHe peun: aHTrOKCHAAHCK, OKCMAATUBHN CTpec; FORT;
FORD; kowapka; owTtehere muwmha
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SUMMARY

Introduction/Objective Having taken into account the complex role of students and teachers partici-
pating in the global education system and the creation of European Higher Education Framework,
it was necessary to perform research on Informatics Literacy (IL). Therefore, our aim was to analyze
IL of the students including the knowledge of each of the four core modules and two standard Eu-
ropean Computer Driving Licence modules, as well as to propose measures to improve students’IL.
The objective of the research was to evaluate the effect of therapy with stabilizing occlusal splint in the
control of painful symptoms of TMD in comparison with the effect of drug therapy.

Methods We conducted a cross-sectional study during 2015/2016 at the Faculty of Medicine, Uni-
versity of Ni$, and included 292 first year students. Parts of the questionnaire that related to the
self-assessment, as well as the test of knowledge in Informatics, modeled after the ECDL consisted
of questions from six thematic sections.

Results The study included 88 male (30.1%) and 204 female (69.9%) students. The computer is
mostly used for the Internet (69.5%), then for entertainment (24.3%), and seldom for data processing
programs (6.2%). Medical students showed higher level of knowledge of all six modules (p < 0.001).
Male students also had higher level of IL (OR = 0.38, 95% Cl 0.20-0.73). Students who completed high
school showed better IL compared to students who completed secondary medical school (OR = 0.34,
95% Cl 0.18-0.66). Education of parents and monthly income had no impact on students’IL.
Conclusion IL of students is not satisfactory. It is necessary to modify the Informatics curriculum
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according to European standards and to introduce the course to all study groups.

Keywords: informatics literacy; students; ECDL

INTRODUCTION
What is informatics literacy?

The need for literacy has changed over time,
so that policy and teaching of literacy nowa-
days is beyond the scope of understanding it
in the past. Primary or elementary literacy
includes reading and writing skills. Secondary
or functional literacy includes understanding
of written documents in everyday life (e.g. fill-
ing instructions and forms). Tertiary literacy
encompasses informatics, computer, Internet,
SMS literacy, etc. The development of informa-
tion technology and its presence in all segments
of society has led to increased understanding
of broader concept of informatics literacy (IL)
which is the basis for the development of mod-
ern society [1].

The terms IL and “information literacy”
are different. The term “information literacy”
refers to the ability to collect, transfer, and
process data and use the specific information,
while IL (computer literacy) refers to the gen-
eral ability for work on the computer and use of
computer programs [2, 3, 4]. Although nowa-

days they are considered interlocked, they are
not synonymous.

Since the 1990s, there have been frequent
discussions about computer literacy as a skill
that everyone should adopt in order to be able
to work effectively in the modern world. In fact,
computers have become an inevitable tool not
only in all disciplines and areas, but in every-
day life as well. The concept, then, has been ex-
panded to some basic informatics knowledge,
and started to include IL. However, there was
no defined standard, which could determine the
level of knowledge and skills required for IL.

The aim of education is to create conditions
for scientific literacy based on developed infor-
matics and information literacy in the process
of creating the knowledge society [2, 3]. In the
case of higher education, it is necessary to cre-
ate such conditions that would enable every
student to be the part of the system in which
new values are deeply rooted in knowledge and
there its foundation will be created, grounded
in informatics and information literacy.

In the field of higher education it is expect-
ed that students and teachers can respond to
all elements of IL, which provides education
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with the role of the common good, as proclaimed by the
UNESCO Conference on Higher Education in Paris in
2009 [2, 4]. Some of the proclaimed goals include IL set
by UNESCO in 2004, the goals of life-long learning and
distance learning in higher education from 2005, as well as
goals adjusted to Bologna documents on higher education
in Europe - Bologna Process, 2010 [2, 4-7].

European Computer Driving Licence Foundation

The European Commission has launched an initiative in
1995 to increase the level of IL in Europe. Thus, in Dub-
lin in 1997 an institution called the European Computer
Driving Licence Foundation Ltd. was founded. Rapidly,
European Computer Driving Licence (ECDL) was accepted
in many European countries and beyond, and was spread
as a method for acquiring IL [8].

In 2003, ECDL received official support from the Eu-
ropean Commission, and became the official standard in
state bodies of the EU member states. ECDL was accepted
for a short time outside the EU, so it is now used in 148
countries and in 36 languages. In Serbia, along with ef-
forts to join the EU defined the ECDL and its “Strategy
of development of the information society” in 2006 [8].

ECDL curriculum and syllabus include knowledge as-
sessment of several thematic sections or modules, which
may be basic, standard, and advanced.

Basic modules represent a set of primary skills that are
essential for each individual. By taking examination in all
four basic modules, a person obtains ECDL Start certifi-
cate. This level includes the following modules consisting
of the skills below:

1. Basic computer use — knowledge and skills referring
to device use, creation and arrangement of files, net-
work and security aspects;

2. Basics of Internet use — knowledge and skills related
to Web search, efficient information finding, online
communication and e-mail messages;

3. Text processing — knowledge and skills necessary for
efficient use of application for creation, formation
and final text processing;

4. Tabular calculations — knowledge and skills necessary
for efficient use of applications for creation, forma-
tion, changing and use of working sheets, standard
formulas, functions and graph creation.

Standard modules represent a set of practical skills used
in each of the corresponding areas chosen by candidates
themselves according to their needs.at work. There are
nine standard modules, and by taking combined exami-
nation version with basic modules ECDL Core or ECDL
Profile certificate could be obtained. The standard modules
include:

(i) Presentations, (ii) Use of data base, (iii) IT safety,
(iv) Online collaboration, (v) Image processing, (vi) Web
site processing, (vii) Project planning, (viii) 2D Computer
Aided Design, and (ix) Use of health information system
(Appendix 1).

Advanced modules allow the user to become “a power-
ful computer user” and use completely four most common
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Appendix 1 - STANDARD MODULES
Standard modules represent a set of practical skills used in each of the corresponding areas
chosen by candidates themselves according to their needs at work. There are nine standard
modules, and by taking combined examination version with basic modules ECDL. Core or

ECDL Profile certificate could be obtained. Standard modules include:

1. Presentations — Formation of professional standard presentation. Creation, formatting,
modification and preparation of presentations using different slides for demonstration and
distribution.

2. Use of data base — Efficient use of desktop data base, understanding basic concept of data
base and demonstrating the ability of using data base application by creating and modifying
tables, inquiries forms, reports and preparing them for distribution. Connecting tables,
uploading, and manipulating information from data base using inquiries and sorting tools.

3. IT safety — Ensuring personal and organization data safety, secure use of online services
including the use of social networks.

4. Online collaboration — Developing concepts and skills relating to adjustment and use of
online collaboration tools, social media, webinars, mobile technology, and cloud computing.
5. Image processing — Acquisition of skills and competences relating to different programs for
image processing.

6. Web site processing — Understanding basic concepts of web site processing and publishing,
design, creation, installation and maintenance of static web page.

7. Project planning — Using project management software. A candidate will be able to prepare
a project plan, monitor projects, organize time, costs and tasks.

8. 2D Computer Aided Design — Acquisition of skills for creating and modifying objects or
elements in a two-dimension design. Getting acquainted with changing properties, objects,
preparation for printing or plotting.

9. Use of health information system — Designed for doctors, nurses, as well as the complete

doctor’s team caring about patients.

Appendix 1 - STANDARD MODULES

applications. ECDL advanced levels are: Advanced text
processing, Advanced table calculations, Advanced data-
bases and Advanced presentations.

In accordance with the conclusions of the Commission
for education program harmonization with ECDL stan-
dards, pupils from elementary or secondary school who
obtain very good (4) or excellent grade (5) in Informatics
or students at university who get grades 8 (very good), 9
(excellent) or 10 (remarkable) can obtain ECDL certificate.
Hereby, the Informatics curriculum has to comply with the
ECDL modules in the following way:

If the curriculum includes all four basic modules, then
a student can obtain ECDL Start certificate. If, in addition
to four basic modules, the curriculum includes standard
modules of Presentations and Database use, then a student
can obtain ECDL Core certificate [8].

It is exactly this principle that we used in the analysis of
IL among first-year students of the Departments of Medi-
cine, Dentistry, and Pharmacy of the Medical Faculty in
Nis, taking into account the fact that similar research has
not been conducted according to accepted ECDL European
standards in our region. However, the main goal of this
research was not only to determine the level of IL acquired
during secondary education, but also to find optimal solu-
tions that would increase the IL of students during their
studies.

737



738

Visnji¢ A. et al.

2

3

)

Appendix 2 - QUESTIONNAIRE

What is your study group?

a) Medicine b) Dentistry ¢) Pharmacy
Sex
a) Male b) Female

What secondary school did you complete?

Are you satisfied with the Informatics knowledge acquired in secondary school?

a) Yes b) No

What are your parents’ qualifications?

Mother: Father:

a) Elementary school a) Elementary school

b) Secondary school b) Secondary school
¢) College ¢) College
d) University d) University

€) Master/doctoral degree e) Master/doctoral degree

C

&

What is the total monthly income of your household (roughly)?

7) How many members are there in your family?.

8) Do you have a computer at home or temporary residence?

a) Yes (circle the type of computer — more than one answer possible

i) Desktop computer ii) Laptop iii) Tablet

b) No

How many computers are there in your household?

10) How old were you when you started using a computer?

11) What is the purpose for which you use a computer?
a) Entertainment (playing games, watching movies,...)
b) Internet use

¢) Data processing using (Word, Excel, Power Point,...)

12) How would you assess your knowledge of operation system?

a) Notenough b)Enough  ¢) Good d) Very good e) Excellent
13) How would you asses your knowledge of Microsoft Office Word?

a) Notenough b)Enough  ¢) Good d) Very good e) Excellent
14) How would you assess your knowledge of Microsoft Office Excel?

a) Not enough b) Enough  ¢) Good d) Very good e) Excellent
15) How would you assess your knowledge of Microsoft Office Power Point?

a) Not enough b) Enough  ¢) Good d) Very good e) Excellent
16) How would you assess your knowledge of Microsoft Office Access?

a) Notenough b)Enough  ¢) Good d) Very good e) Excellent

2
17) How would you assess your knowledge of Internet? 29) Which program opens a pdf file?
a) Notenough b)Enough  ¢) Good d) Very good e) Excellent a) Windows Media Player b) Adobe Reader
b) Kaspersky AVP d) I do not know
18) File with .docx (.doc) extension represents:
30)P. bering in Word:
a) database b) p d file;  c¢) text d. d) I do not know. ) Page numbering in Wor
a) cannot be inserted;
b be inserted only at the top of 2
19) File with .xIsx (.xls) extension represents: ) can be inserted only at the top of page;
. an be inserted only at the bott f the page;
a) table; b) presentation; ¢) web document;  d) I'don’t know. ©) canbe inserted only at the bottom of the page
d) can be inserted both at the top and bottom of page;
- . T do not ki
20) File with .pptx (.ppt) extension represents a: 9 O notxnow
a) text document; b) video file; ¢) presentation; dy1

don’t know
21) File with .accdb (.mdb) extension is:
¢) database;  d) I don’t know.

a) video file; b) executable file;

22) Which of the following belongs to computer operation system?
a) Avast b) Windows 7 ¢) WinZip d) I don’t know

23)Is it possible to search a document in Word using a key word?
a) Yes b) No ¢) I don’t know

24) Can functions in Excel be applied to numerical data?
a) Yes b)No ¢) I do not know

25) While printing a presentation is it possible to print several slides on one piece of paper?
a) Yes b) No ¢) I do not know

26)Is it possible to copy table from Excel to Word document?
a) Yes b) No ¢) I do not know

27)Is it possible to insert both text and image on the same slide in Power Point presentation?

a) Yes b) No ¢) I do not know

28) In an email address petar10@gmail.com, petar10 represent:

a) password; b) user name; ¢) domain;  d) I do not know.

31) Data sorting in a table created in Access is possible:
a) only using one criterion; b) using several criteria;
¢) only in increasing order; d) I do not know.
32) The function of Outlook Express program is for:
a) creating Web presentations; b) Internet access;
¢) receiving and sending e mails; d) I do not know.
33) Which statement is correct?
a) Operation system provides computer protection from viruses.
b) Operation system represents a sum of all programs on a computer.
¢) Operation system is necessary for the use of programs and files.

d) Ido not know.

34) One table in Access may have:
b) multiple primary keys;
d) I do not know.

a) only one primary key;

¢) maximum two primary keys;

35)Modem is:
a) an electronic device enabling Internet access;
b) operation system of a computer by means of which we get connected to Internet;
¢) program enabling Internet access;

d) 1do not know.

Appendix 2 - QUESTIONNAIRE

DOI: https://doi.org/10.2298/SARH180704047V
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METHODS

The research represents a cross-sectional study carried out
in academic 2015/2016 at the Medical Faculty of University
in Ni8. This study was done in accord with standards of the
institutional Committee on Ethics. Out of the total number
of 336 first year students of integrated studies of Medicine,
Dentistry and Pharmacy 292 of them were included in the
study. They gave consent to participate in the study and
filled in anonymous questionnaire at lectures and practi-
cal. Completing of the questionnaire lasted for 15 minutes,
including the time for the interviewer’s instructions.

Out of the total number of 195 first-year students of the
Department of Medicine, 186 were included in the study;
45 students of the Department of Dentistry (out of 71) and
69 students (out of 70) of the Department of Pharmacy
were also included in this study. The questionnaire consists
of three thematic units (Appendix 2):

« open and closed questions relating to demographic

and socioeconomic characteristics;

« closed questions relating to students’ self-assessment
of their IL;

o closed questions relating to objective assessment of
students’ IL.

Parts of the questionnaire relating to self-assessment
as well as objective assessment of Informatics competence
based on the test using ECDL, consisted of questions
grouped in six thematic units - modules (Figure 1). The
part of the questionnaire relating to the self-assessment
of competence in six thematic units (modules) from In-
formatics contained six questions — one question for each
module. These six questions had five possible answers from
“not enough” (1) to “excellent” grade (5).

Analysis of self-assessment of “Start” and “Core” in-
formation literacy of respondents was done in two ways:

o The first way implied that the respondents possessed a
“Start” or “Core” information literacy if they had grade
4 or 5 from each of the program modules.

o The second method involved the so-called. “School
assessment type,” i.e. that the students “passed” all
the modules (if they graded their knowledge for each
module > 2) and had 4 as the final grade.

The part of the questionnaire that related to knowl-

edge assessment of all six modules consisted of 18 ques-
tions, with three questions for each module. (Questions

Mladules Program
I.  Basics of compaler use

L Microssft Office Ward
Start

3. Microsaft Office Excel e
4. Baskes of Intermct use

5 Micressft Office Power Point

B Micresefl Office Access

Figure 1. Modules “Start” and “Core”
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for assessment of students’ IL were made in cooperation
with experts from the Faculty of Science of the University
in Ni$ and experienced lecturers of Informatics working
at the University in Ni§). The evaluation of the number of
correct answers per module was carried out in the manner
described below.

If a student had no correct answers in a given module,
he was estimated not to have knowledge in that module.
If he had only one correct answer in a module, he was
estimated to have low knowledge level. If he answered two
questions correctly, he was estimated to possess average
knowledge, and if all three answers were correct, he was
estimated to have a very good level of knowledge of a given
module.

As with knowledge self-assessment, the analysis of the
results of IL through knowledge examination was done
in two ways:

« The first way implied that the student was “Start” or
“Core” literate if he answered all three questions cor-
rectly in all program modules of the program (grades
4 or 5);

» The second method of analysis was based on the
school assessment type - if a student “passed” all the
necessary modules (i.e. if he has one correct answer),
and received the final grade 4, then he is said to be
“Start” or “Core” literate (depending on the observed
modules).

Data were processed in Microsoft Office Excel 2007 by
teams of two people, whereby crosscheck was carried out
for each input. The total number of received question-
naires was 301 but nine questionnaires were eliminated
due to incomplete responses, so that the final number of
processed questionnaires was 292. Of the 35 questions in
the questionnaire, some of which contained sub-questions,
23 variables were made.

The respondents were classified in groups in relation to:

o SeX

« secondary school completed

o study program

The examined factors were compared between these
groups. Statistical analysis was performed in SPSS 17.0
(SPSS Inc., Chicago, IL, USA) in Windows 7 environment.
The results were presented in tables. Statistical analysis
included the application of descriptive statistics (percent-
age distribution, mean value, median), parametric tests
(Student’s t-test), Spearman rank correlation and nonpara-
metric tests (Pearson’s x test, Fischer’s exact test) as well
as binary logistic regression model. Statistical significance
was taken at p < 0.05.

RESULTS
Assessment of students’ knowledge of modules

Out of the total number of 292 examined students, 88 were
male (30.1%) and 204 were female (69.9%). Exactly 184
students (63%) completed secondary medical school (or
similar vocational school), and 108 (37%) completed high
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Table 1. General overview of respondents
Parameters Sex Secondary school Sl \:gzgr:g?:yk:c%‘zﬁdge i ol
ota
Study group Male Female High school Secon(;icarr]i/);?edlcal Yes No
Medicine
Number 56 126 73 109 90 92 182
% 30.8% 69.2% 40.1% 59.9% 49.5% 50.5% 100%
Dentistry
Number 16 28 9 35 23 21 44
% 36.4% 63.6% 20.5% 79.5% 52.3% 47.7% 100%
Pharmacy
Number 16 50 26 40 25 41 66
% 24.2% 75.8% 39.4% 60.6% 37.9% 62.1% 100%
Total
Number 88 204 108 184 138 154 292
% 30.1% 69.9% 37% 63% 47.3% 52.7% 100%
Table 2. Informatics literacy of students in relation to modules
Self-assessment of knowledge Assessment of knowledge (test)
Not enough | Enough Good Very good | Excellent | No knowledge | Poor knowledge kr/:c\)/\‘/evrlzg‘;e lzl:orzv?e%(;de
Basics of computer use
46 95 82 50 19 6 44 130 112
15.8% 32.5% 28.1% 17.1% 6.5% 2.1% 15.1% 44.5% 38.4%
Microsoft Office Word
16 70 86 75 45 17 55 89 131
5.5% 24% 29.5% 25.7% 15.4% 5.8% 18.8% 30.5% 44.9%
Microsoft Office Excel
56 80 91 49 16 59 97 84 52
19.2% 27.4% 31.2% 16.8% 5.5% 20.2% 33.2% 28.8% 17.8%
Microsoft Office Power Point
21 59 79 82 51 10 39 98 145
7.2% 20.2% 27.1% 28.1% 17.5% 3.4% 13.4% 33.6% 49.7%
Microsoft Office Access
122 82 59 21 8 156 89 36 1
41.8% 28.1% 20.2% 7.2% 2.7% 53.4% 30.5% 12.3% 3.8%
Internet
3 28 72 92 97 14 43 86 149
1% 9.6% 24.7% 31.5% 33.2% 4.8% 14.7% 29.5% 51%

school. As for study courses, there were 182 respondents
from the Medicine study program, 44 respondents were
from the Dentistry study program, and 66 respondents
were from the Pharmacy study program. Exactly 138
(47.3%) respondents were satisfied with the informat-
ics knowledge acquired in secondary school, while 154
(52.7%) students were dissatisfied (Table 1).

Almost all examined students (97.9%) possessed and
used a computer (at least one). Only four of them reported
that they did not own a computer. The average income per
household was 76,129.63 Serbian dinars, with the average
number of household members 4.12 (i.e., the average in-
come per household member is 18,487.06 Serbian dinars).
The average number of computers per household was 2.25.
The average age when respondents started to use computer
was 9.59 years.

Respondents most often used their computer for the

Internet (69.5%), then for entertainment purposes (play-
ing computer games, watching movies, listening to music,
etc.) (24.3%), and for data processing program (6.2%) (MS
Word, MS Excel, MS Power Point, etc.).

The results of self-assessed and examined knowledge
of all six modules were presented in Table 2. In terms of
the order of the number of students who were trained to
work in these thematic units, the result was as follows (very
good and excellent grades of respondents were taken into
account):

1. Internet — 189 respondents (63.7%)

2. Microsoft Office Power Point — 133 respondents

(45.6%)

3. Microsoft Office Word - 120 respondents (40.2%)

4. Basics of computer use - 69 respondents (23.6%)

5. Microsoft Office Excel — 65 respondents (22.3%)

6. Microsoft Office Acces — 29 respondents (9.9%)
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Correlations between self-assessed and examined
knowledge of modules

The correlation between self-assessed and examined
knowledge was investigated using Spearman’s rank cor-
relation. Preliminary analyses were performed to prove
assumptions of normality, linearity, and homogeneity of
variance. Strong positive correlations were calculated be-
tween these two variables. According to Cohen, correla-
tion strength between these two variables was medium
(0.3 < r < 0.49) for all these modules except for Microsoft
Excel, where correlation was slightly lower (Table 3).

Table 3. Correlation between self-assessed and assessed (by test)
knowledge of modules

Self-assessment of knowledge Assessment of knowledge (test)
Spearman’s p
Basics of computer use 0.331**
Word 0.406%*
Excel 0.283**
Power Point 0.435%*
Acces 0.348**
Internet 0.320**

*p < 0,001

Thus, high levels of subjectively experienced knowledge
were accompanied by high levels of objectively examined
knowledge.

Overall IL of respondents

Comparison of IL between results obtained by self-assess-
ment and results obtained by knowledge assessment was
performed in two ways:

Traditional assessment

According to the model of the ECDL, a student is said to
have the basic level of IL (“Start”) if he has a very good
knowledge of each of the four core modules (basics of com-
puter use, text processing, table calculations, and Internet).
If a student had a very good knowledge of each of the six
modules, i.e. of all four basic modules and two from the
nine standard modules (Presentations and Use of the data-
base), then he was said to have standard level of IL (“Core”

The results relating to the students’ knowledge of above-
mentioned six modules (grades 4 and 5 were taken into
account) are as presented in Table 4.

x’ test of independence showed a significant difference
between the study groups and self-assessed knowledge of
“Start” module (x* = 6.034, df = 2, p = 0.049 and Cramer’s
V =0.144). Medical students assessed their knowledge as
better compared to other two study groups.

x’ tests of independence (with continuity correction by
Yates) showed significant differences: between sex and self-
assessed knowledge of “Start” program (x> = 4.805, df = 1,

Table 4. Start and Core IL according to European Computer Driving Licence standards in relation to study group, sex, and completed secondary

school - traditional and school scoring

Parameters Start Core
Self-assessment Assessment (test) Self-assessment Assessment (test)
Traditional grading
Faculty
Medicine 29 15.93% 17 9.34% 14 7.69% 2 1.1%
Dentistry 2 4.54% 1 2.72% 1 2.72% 0 0%
Pharmacy 5 7.57% 2 3.03% 2 3.03% 0 0%
Sex

Male 17 19.32% 10 11.36% 9 10.23% 0 0%
Female 19 9.31% 10 4.9% 8 3.92% 2 0.98%

Secondary school
High school 20 18.52% 10 9.26% 7.41% 2 1.85%
Secondary medical school 16 8.7% 10 5.43% 4.89% 0 0%
Total 36 12.33% 20 6.85% 17 5.82% 2 0.68%

School grading
Faculty
Medicine 74 40.66% 84 46.15% 52 28.57% 40 21.98%
Dentistry 14 31.82% 13 29.55% 1 25% 2 4.55%
Pharmacy 19 28.79% 9 13.64% 1 16.67% 3 4.55%
Sex

Male 39 44.32% 43 48.86% 22 25% 19 21.59%
Female 68 33.33% 63 30.88% 52 25.49% 26 12.75%

Secondary school
High school 60 55.56% 57 52.78% 39 36.11% 28 25.93%
Secondary medical school 47 25.54% 49 26.63% 35 19.02% 17 9.24%
Total 107 36.64% 106 36.3% 74 25.34% 45 15.41%
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p =0.028 and ¢ = -0.14), whereby it was found that male
students were more familiar with this program; between
high schools and secondary medical schools in relation
to self-assessed knowledge of “Start” program (x* = 5.200,
df =1, p =0.023 and ¢ = -0.144) in favor of the high school.

School assessment

We used school assessment system for analysis of results
following ECDL model. The requirement was that the stu-
dent obtained minimum grade 2 from each module, (i.e.
that he “passed” each module) and at the same time had
a very good or excellent final grade from all the modules
together (according to self-assessment). In the process of
knowledge assessment a student was obliged to have the
tinal grade 4 (whereby he had to have at least one correct
answer - i.e. that “he passed” each module).

X’ test of independence showed a significant differ-
ence between the study group and “Start” program self-
assessment (x> = 23.171, df = 2, p = 0.000 and Cramer’s
V =0.282), as well as between the study group and the
“Core” program of knowledge assessment (x*> = 15.983,
df =2, p = 0.000 and Cramer’s V = 0.234), in favor of
students of medicine in both cases.

x’ tests of independence (with Yates’ Correction for Con-
tinuity) showed significant differences between sex and test-
assessed knowledge of “Start” program (x* = 7.836, df = 1;
p =0.005 and ¢ =-0.172) in favor of the male students.

Testing prognostic values of certain parameters for IL

Binary logistic regression was conducted to assess the
impact of various factors on the possibility that students
would have good knowledge of Start program. The model
contained six independent variables (sex, secondary school,
mother’s education, father’s education, monthly income and
the age of starting to use computer) and was statistically
significant, x* (5, N = 292) = 33.106, p < 0.001. The model
explained variances between 14.3% (r* Cox and Snell) and
19.5% (r* Nagelkerke) in proven excellent knowledge of
Start program and correctly classified 70.2% of cases.

As shown in Table 5, only two independent variables
made a statistically significant contribution to a unique
model (sex and secondary school). The strongest predic-
tor of the response that a student had excellent knowledge

Vidnji¢ A. et al.

was completed secondary school with OR = 0.34 (95% CI
0.18-0.66). This implied that students who completed high
school had three times better knowledge than students
from secondary medical or other vocational schools (with
all other equal factors in the model). Odds ratio for sex was
0.38 (95% CI 0.20-0.73). Parents’ education and income
showed no significant association with IL.

DISCUSSION

The research results showed that not all participants had
their personal computer, the reason of which lies in a poor
economic situation in the region. This represents a sort
of disadvantage because in the contemporary informatics
era the computer is indispensable tool in all spheres of life
and all professions. Therefore, it is desirable that each indi-
vidual has a personal computer, which would significantly
increase computer literacy, improve learning process and
general knowledge.

Out of the total number of respondents, 69.5% of them
use the computer for Internet access, 24.3% of them for enter-
tainment purposes (playing computer games, watching mov-
ies, listening to music, etc.), and only 6.2% of them for data
processing programs (MS Word, MS Excel, MS Power Point,
etc.). Thus, it could be concluded that only a small number of
students use programs for word processing, tabular calcula-
tions and making presentations, where no significant differ-
ences were found in relation to secondary school completed.

Generally, the students’ IL is not satisfactory. Based
on the self-assessment, the number of students having an
elementary computer literacy according to ECDL stan-
dard is 12.33% of the total number. When testing their
knowledge even lower results (only 6.85%) were obtained
of basic IL. Only the knowledge of Microsoft Office Word
was satisfactory.

It may be possible to explain that those students use
it most when it comes to faculty work (writing seminar
papers, etc.), while other software tools are rarely in use.

There is a significant difference in the knowledge of
all six test modules among students from different study
groups indicating that medical students are more com-
petent compared to dental and pharmacy students. Male
students have a higher level of literacy in relation to female
students. Students who completed high school show better

Table 5. Probability prediction of certain parameters for European Computer Driving Licence Start program - test-assessment by school grading system

Parameters B Sl Wald df p OR 95% C for EXP(B)

error Lower Upper
Sex -0.964 0.335 8.294 1 0.004 0.381 0.198 0.735
Secondary school -1.078 0.336 10.278 1 0.001 0.340 0.176 0.658
Educational background of a mother 0.135 0.172 0.621 1 0.431 1.145 0.818 1.602
Educational background of a father 0.151 0.180 0.708 1 0.400 1.163 0.818 1.654
Monthly income 0.000 0.000 0.081 1 0.776 1.000 1.000 1.000
The start year of computer use -0.012 0.065 0.034 1 0.854 0.988 0.870 1.123
Constant -0.073 0.884 0.007 1 0.934 0.930

Hosmer and Lemeshow test: x> = 4.078, df = 8, p = 0.850 (> 0.05)

B - coefficient for the constant (“intercept”) in the null model; OR - odds ratio; Wald - Wald x? test; Exp(B) — exponentiation of the B coefficient (odds ratio);

df - the degrees of freedom for each variable
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IL compared to those who completed secondary medical
(or other vocational school). Students who are satisfied
with the knowledge of informatics acquired in secondary
school have a significantly higher level of IL compared to
those who are not satisfied with the knowledge of infor-
matics acquired in secondary school. Possible explanation
should be the difference in the quality of teaching in these
schools. Educational background of parents and monthly
income had no impact on IL. This may be explained by the
fact that the development of computer literacy takes place
predominantly under the influence of the school system,
while the influence of the family environment is low.

Unlike IL, students’ health literacy relates to their per-
sonal background and educational path. There was a posi-
tive correlation between health literacy and the educational
level of the students’ parents. A statistically significant re-
lationship was found between health literacy and type of
school, family income, and parents’ education level [9, 10].

IL including different program areas was also analyzed
by several authors from Serbia. Mileti¢ and Grga [11] exam-
ined IL among students of the School of Dental Medicine
in Belgrade, but used a questionnaire, which was not made
according to the modules of ECDL. Zejnilagi¢-Hajric et al. [2]
explored IL and the use of computers in the classroom on a
sample of students of Chemistry and Physics at the University
of Sarajevo, but the methodology of this study was not based
on the principles of ECDL. Obradovi¢ [12] analyzed IL among
doctors and nurses at the Clinical Center of Montenegro. The
respondents in his study had ECDL certificate.

A few authors from different parts of the world who
dealt with IL, computer skills and different aspects of com-
puter use among various groups of subjects had results
similar to ours [13-17]. In 1993, Debehnke and Valley
[18] examined the IL of Emergency medicine students by
means of a questionnaire that consisted of questions related
to self-assessment of knowledge of particular application
programs and computer skills. Bediang et al. [19] exam-
ined the IL and e-learning of students and lecturers at the
departments of Medicine, Dentistry and Pharmacy at an
African university. Ranasinghe et al. [20] examined the
IL of first year medical students at the University of Sri
Lanka, and they found that the most important predictor
for computer literacy is previous IT training.

There are findings also similar to ours in some previous
studies [21-24]. There has also been a large number of
studies on IL of nurses and technicians [25-28]. Neverthe-
less, biomedical students are not expert computer users.
Despite an upbringing in a digitized world, many students
still lack some basic computing skills [29, 30]. Recent sur-
veys in different countries have also declared that biomedi-
cal sciences students’ IL was unsatisfactory [31, 32, 33].
IL skills have become a necessity and an integral part of
preparing tomorrow’s doctors to be sufficiently competent
to use informatics resources effectively and efficiently for
the best practice of biomedical sciences [34, 35].

The goal of all education systems is to improve the learn-
ing process, and educators need to know the educational
strategies, methods and procedures, as well as the ways in
which students learn. New technological developments are
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reflected directly in the educational system, and the way of
their application and implementation depends on infor-
matics and communication technologies [23, 36]. As the
communication technologies are inevitable in all spheres of
life and work, all students should be well prepared to apply
informatics technologies in the future workplace.

The current state of equipment and practical
instruction of Informatics module at the Faculty of
Medicine in Ni$

In 2010, the computer network of the Faculty of Medi-
cine had about 350 computers located at institutes, amphi-
theaters, and classrooms. In this way, teachers and teaching
associates could perform teaching in a more modern way,
and have an access to numerous specialized databases. At
that point, the Computer Centre was an integral part of a
worldwide network and with its communication, equip-
ment completely satisfied European standards.

Considering that average life span of computers is five
years, computers at the Faculty of Medicine no longer
represent adequate equipment for practical training of
students. Due to low RAM memory, they cannot support
new versions of operating systems and more demanding
programs cannot be carried out at necessary speed. All
the above-mentioned facts indicate that it is not possible
to carry out instruction at a satisfactory level.

CONCLUSION

Generally, students’ elementary IL is not satisfactory. Medi-
cal students are more competent, compared to dental and
pharmacy students, and male students have a higher level
of literacy than female ones. Students who completed high
school show better IL compared to those who completed
specialized schools. Educational background of parents
and monthly income had no impact on IL.

Proposed measures

It is necessary to modify the curriculum and syllabus of the
Informatics course and make it compatible with practical
work in computer classroom, as well as to include new
modules in the curriculum along with the modernization
of computer equipment at the Faculty (as well as in high
schools). In addition, the curriculum of the Informatics
course should be adjusted to European standards - ECDL
program with the introduction of the elective or compul-
sory Informatics course for all study groups.
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UHPopMaTUUKa NMCMEHOCT CTyAeHaTa NpBe roguHe CTyauja meauLmHe,
cTomaronoruje u papmaumje Ha YHUBep3utety y Huwy y cknagy ca EBponckom
padyHapckom gunnomom (European Computer Driving Licence)

AnekcaHgap Buwmuh'?, JeneHa Buwrbunh', Hatawa Munocasmesuh', Pobepta Mapkosuh'? Tamapa JoBaHoBUR '

'YHusep3uteT y Huwy, MeguumHckn dakyntet, Huw, Cpbuja;
2/HcTUTYT 3a jaBHO 3apaBsbe, Huw, Cpbuja

CAMETAK

YBog/LUnm Linb paga je aHanusa nHpopmaTnuke nuc-
MEHOCTU NCMUTUBAHVX CTyieHaTa MPeKOo No3HaBakba CBaKor
of LeCT OCHOBHMX MoAyna 1 fiBa CTaHJapaHa moayna Es-
poncke payyHapcke gunnome (ECDL), kao u ytBphurBare
npeanora mepa 3a yHanpehemwe nHpopmatnuke nuc-
MEHOCTU CTyfeHaTa.

Linm ncrpaxnsara je 61o pa ce npoueHun edekat Tepanuje
CTabunn3aLoHUM OKNY3anHM CIAIMHTOM Y KOHTPOIM 6OTHMX
cumntoma TMJ y nopeherby ca edpektom Tepanuje neKoBuMa.
MeTope Ctyauvja npeceKka CNpoOBeAeHa je Y TOKY LIKOJICKe
2015/2016. rognHe Ha MeguunHCKoM pakynTeTy YHMBep-
3uteTta y Huwy n roome cy obyxsaheHa 292 cTyaeHTa npBe
rogvHe UHTEerprcaHnx akagemckumx CTyamja meauuuHe,
cTomatosnoruje n papmauuje. lenosm ynuTHmKa Koju cy ce
OAHOCW/IN HA CaMOMpPOLIeHY, Kao 1 Ha MPOBepPY 3Haka 13
nHpopmatuke, npema ysopy Ha ECDL, cactojanu cy ce og
nrTarba 13 WeCT TEMATCKUX LieSIMHa — Mogyra.

Pesyntatu VicnutreaHo je 88 mnaguha (30,1%) 1 204 geBojke
(69,9%). PauyHap KopucTe Hajuyewhe npunukom ynotpebe
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MHTepHeTa (69,5%), 3aTuM Yy CBpXY 3abaBe (24,3%), a Hajpehe
3a ynoTpeby HeKux of nporpama 3a obpagy nogataka (6,2%).
Mebhy cTygeHTMa pa3nuunTX CTYANjCKUX rpyna nocToju
3HayajHa pas/vKa y No3HaBakby paga CBMX LECT UCMUTHBA-
HUX MOAY”Na 1 TO y KOPUCT cTyAeHaTa MeguumHe (p < 0,001).
CTyneHTV MyLLKOT nosia umajy Behu cteneH nHpopmatuuke
NMCMEHOCTM Y OBHOCY Ha CTyfeHTe xeHckor nona (OR = 0,38,
95% Cl 0,20-0,73). CTyReHT Koju Cy 3aBpLUMAY FTMMHa3ujy
nokasyjy 60/by MHbGOPMaTUUYKY MMCMEHOCT Y OAHOCY Ha
CTYAEHTE KOjy1 Cy 3aBPLUNIV Cpelitby MeQULNHCKY LKoY
(OR =0,34; 95% Cl 0,18-0,66). CTpyuHa cnpema poauTesba,
Kao 1 MeceyHa npriMarba HUCY NoKasanu Aa MMajy yTuuaja
Ha MHGOPMATUUKY MUCMEHOCT CTyAeHaTa.

3akmpyuyak OcHoBHa MHGOPMaTUYKa MMCMEHOCT CTyAeHaTa
HWje Ha 3agoBosbaBajyhem HMBoY. HeonxoaHo je moandu-
KOBAaTW HacTaBHY niaH 13 ViHbopmaTuke npema eBpOncKAm
CTaHAapArMa, y3 yBohere npegmeTa Ha CBUM CTYAUJCKUM
rpynama.

KmbyuHe peun: nHdopmaTuKa NMCMeHOCT; cTyaeHTy; ECDL
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CASE REPORT / MPUKA3 BOJIECHUKA
Clinical applications of BioAggregate in pediatric
dentistry — case reports

Secil Caliskan, Nuray Tuloglu, Sule Bayrak
University of Eskisehir Osmangazi, Faculty of Dentistry, Department of Pediatric Dentistry, Eskisehir, Turkey

SUMMARY

Introduction Calcium-silicate-based, nanoparticle-sized BioAggregate is produced as an alternative
version of mineral trioxide aggregate (MTA). It contains additives such as calcium phosphate and silicon
dioxide but does not contain aluminium oxide and bismuth oxide. Studies have shown that BioAggre-
gate’s calcium-ion release is better than these qualities in MTA concerning fracture and acid resistance,
biocompatibility and sealing ability.

Case outline In this paper, we examine eight case reports. These reports describe the long-term results
of using BioAggregate in areas such as pulpotomy and root canal treatment in primary and permanent
teeth, partial pulpotomy, artificial apical barrier construction of permanent teeth, root resorption repair,
and treatment of dens in dente.

Conclusion As evidenced by the case reports examined here, BioAggregate can be used as alternative
material to MTA in many dental treatments. These reports also show that the biocompatibility, antibacte-
rial properties, hardening when moisture is present, ideal expansion percentage, impermeability, and
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dentine adhesion features of BioAggregate provide advantages in clinical use.
Keywords: pulpotomy; root canal treatment; nanoparticle-sized BioAggregate; calcium silicate

INTRODUCTION

Ceramics are some of the oldest synthetic ma-
terials based on natural resources. Bioceramics
are specially designed ceramics used in medi-
cine, including dentistry, to repair, restructure
or replace damaged or injured body organs [1,
2]. Bioceramics consist of polycrystalline ce-
ramics (alumina and hydroxyapatite), bioac-
tive glass, bioactive glass ceramics, or bioactive
composites (polyethylene-hydroxyapatite) [3].
Bioceramics have very attractive properties
for medicine and dentistry. For dental practices,
they have two important advantages. First, bio-
ceramics are biocompatible, nontoxic, shrink-
proof, and chemically stable in the biological
environment. For example, bioceramics do not
produce inflammatory tissue responses when
extruded to periodontal tissues during the root
repair process. This is due to the hydroxyapatite
formed during the material’s dentin bonding
[4]. Second, they exhibit a strong antibacterial
quality given their high pH (12.9) on curing.
Mineral trioxide aggregate (MTA) was the
first bioceramic material successfully used in
in dental endodontic practices [5]. Given its
biocompatibility, superior physical and chemi-
cal properties, it has become the preferred
material of choice in areas such as perforation
repair, retrograde filling, vital pulp treatment,
and root-canal treatment of teeth with an open
apex [6]. On the other hand, MTA has limita-
tions. These include its long setting time, ma-
nipulation difficulty, high cost and tooth dis-
coloration. These deficiencies have prompted

the development of alternative materials for the
uses described above.

Calcium-silicate-based, nanoparticle-sized
BioAggregate (Innovative BioCeramix, Inc.,
Burnaby, Canada) is produced as an alterna-
tive version of MTA in Canada [7, 8]. It is like
MTA in many respects. It contains additives
such as calcium phosphate and silicon dioxide
but does not contain aluminium oxide or bis-
muth oxide. In addition, studies have shown
that its calcium-ion release, acid and fracture
resistance, biocompatibility and sealing ability
are better than for MTA [8-12].

Despite the positive in vitro results, the
studies on the clinical use of BioAggregate are
limited. Therefore, the aim of this paper is to
show the clinical use of BioAggregate in differ-
ent instances in pediatric dentistry.

CASE REPORTS

The treatments described in the cases presented
here were performed at the Faculty of Dentist-
ry, Department of Pediatric Dentistry of the
Eskisehir Osmangazi University in Turkey after
written informed consent was obtained from
the patients’ parents. BioAggregate was used
as a biomaterial in all of these cases.

Case 1. Pulpotomy in primary teeth
A four-year-old girl who applied for a regular

check-up at our clinic was found to have deep
dentin caries in the mandibular left primary
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second molar (Tooth 85) (Figure 1a). According
to her parents, she had experienced no spontane-
ous tooth pain. The intraoral examination found
no percussion/palpation sensitivity or mobility.
The oral mucosa was normal. In addition, there
was no pathology found in the tooth’s periapi-
cal tissues. Nevertheless, the development of
the mandibular left permanent second premolar
(Tooth 45) follicle was found delayed. Due to the
pulp exposure without caries during the cavity
preparation and the possibility of not forming
permanent premolar (Tooth 45), a pulpotomy
was performed using BioAggregate (Figure 1b).
During the 24-month follow-up, Tooth 85 was
found to be clinically asymptomatic, and the ra-
diographic examinations showed no periodontal/
periapical pathology (Figure 1c).

Case 2. Pulpotomy in permanent teeth

An eight-year-old male patient was admitted to
our clinic and it was determined to have deep
dentin caries in the mandibular right permanent
first molar (Tooth 46) (Figure 2a). There was no
spontaneous pain, percussion/palpation sensi-
tivity, or pathologic mobility. The oral mucosa
was also normal. The radiographic examination
revealed that the mandibular right first molar’s
root development was not complete and that
there was no pathology in the periapical region.
A pulpotomy procedure was performed with
BioAggregateon the tooth, which had respond-
ed positively to the vitality test (Figure 2b). In
the follow-up radiographic examination at 12
months, Tooth 46 was observed to be vital and
showing evidence of continuing root develop-
ment with no periodontal/periapical pathology
(Figure 2c¢).

Case 3. Partial pulpotomy

A 10-year-old girl was referred to our clinic with a com-
plaint of a crown fracture that occurred when she fell at
school. During the clinical examination, an enamel-dentin
fracture with pulp exposure was observed in the maxil-
lary right permanent central incisor (Tooth 11). Tooth 11
responded positively to the electric pulp test and exhibited
sensitivity to cold and heat. Pathological mobility and per-
cussion/palpation sensitivity were not observed. The radio-
graphic examination found that Tooth 11 showed nearly
complete apex formation and that there was no alveolar
fracture or any other injury in the apical region (Figure 3a).
A partial pulpotomy was performed using BioAggregate
(Figure 3b). Throughout the six-year follow-up, Tooth 11
exhibited no clinical pathology or coronal discoloration,
and the pulp was observed to be vital. The radiographic
examinations showed a closed apex and a dent in bridge
at the pulpotomy site (Figure 3c).
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Figure 1. Radiographic appearance of case 1; a - preoperative; b - postoperative;
C - postoperative 24-month follow-up

Figure 2. Radiographic appearance of case 2; a - preoperative; b - postoperative;
C - postoperative 12-month follow-up

Figure 3. Radiographic appearance of case 3; a - preoperative; b - postoperative;
C - postoperative six years follow-up

Figure 4. Radiographic appearance of case 4; a - preoperative; b - postoperative;
C - postoperative 24-month follow-up

Case 4. Root canal treatment in primary tooth

A nine-year-old male patient was admitted to our clinic
with severe spontaneous pain in his mandibular left pri-
mary second molar (Tooth 75). The intraoral examination
found increased percussion sensitivity and mobility. The
oral mucosa was normal. The radiographic examination
found that the periodontal space of the corresponding
tooth was enlarged and that the permanent tooth was con-
genitally deficient (Figure 4a). A root canal treatment was
performed on the devitalized tooth using BioAggregate
(Figure 4b). During the 24-month follow-up, Tooth 75 was
found to be clinically asymptomatic, and the radiographic
examinations showed no periodontal/periapical pathology
(Figure 4c).

Case 5. Root canal treatment in permanent tooth

A 10-year-old female was referred to our clinic with com-
plaints of tooth fracture and pain after falling from a bicycle.
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Figure 5. Radiographic appearance of case 5; a - preop-
erative; b — postoperative; c — postoperative 24-month
follow-up

Figure 6. Radiographic appearance of case 6; a — preoperative; b - postoperative;

¢ - postoperative 24-month follow-up

Figure 7. Radiographic appearance of case 7; a - preoperative; b — postoperative;
¢ - postoperative 24-month follow-up

d S L - ‘C

Figure 8. Radiographic appearance of case 8; a — preoperative; b - postoperative;

¢ - postoperative 24-month follow-up

The intraoral examination found a complicated crown
fracture of the maxillary right permanent central incisor
(Tooth 11) that exhibited spontaneous pain, percussion/
palpation sensitivity, and a negative vital response. The
radiographic evaluation revealed an enlarged periodon-
tal space and completed root development with a closed
apex (Figure 5a). A root canal treatment was performed on
the devitalized Tooth 11 using BioAggregate (Figure 5b).

‘ DOI: https://doi.org/10.2298/SARH190509124C
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Throughout the 24-month follow-up, Tooth 11 was found
to be clinically asymptomatic and showed normal color.
The radiographic examinations showed no periodontal/
periapical pathology (Figure 5c).

Case 6. Artificial apical barrier construction in
permanent teeth

A 10-year-old male was admitted to our clinic with a com-
plaint of a crown fracture caused by a fall. In the intake
interview, it was learned that the patient was experienc-
ing severe spontaneous pain in the maxillary left perma-
nent central incisor (Tooth 21) that had started two days
prior to the visit. The intraoral examination
revealed a complicated crown fracture and in-
creased percussion sensitivity in Tooth 21. The
radiographic examination showed an enlarged
periodontal space, a periapical lesion, and an in-
complete root with immature apex (Figure 6a). A
root canal treatment was performed to create an
artificial apical barrier in Tooth 21using BioAg-
gregate (Figure 6b). Throughout the 24-month
follow-up, the tooth showed no clinical pathol-
ogy or coronal discoloration. The radiographic
examinations showed no periodontal/periapical
pathology (Figure 6¢).

Case 7. Root resorption repair in
permanent teeth

An 11-year-old female was admitted to our
clinic complaining of dental pain. In the pa-
tient’s history, we learned that she was in a traf-
fic accident two months prior to visit, and that
a splint was performed at another health center
because of the teeth mobility. The intraoral clini-
cal examination found that the splint was still in
her mouth and that a root canal treatment had
been started in the maxillary permanent incisors
(Teeth 11 and 21). Nevertheless, the exam found
that the patient was still experiencing spontane-
ous dental pain and percussion sensitivity. The
radiographic evaluation showed an enlarged
periodontal space, external root resorption ar-
eas, and an immature apex (Figure 7a). A root
canal treatment was performed using BioAggre-
gate (Figure 7b). During the 24-month follow-
up, Teeth 11 and 21 were found to be clinically
asymptomatic and showed normal color. The
radiographic evaluations revealed that the ex-
ternal root resorptions had been controlled and
that no periodontal/periapical pathology had occurred
(Figure 7c).

Case 8. Treatment of dens in dente
A seven-year-old boy was referred to our clinic with a
complaint of dental pain. The intake interview revealed

learned that the severe dental pain had started two weeks
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before the visit. The intraoral examination detected per-
cussion/palpation sensitivity, pathologic mobility, swelling
in the vestibular mucosa and a negative response to the
electric pulp test in the left upper central incisor (Tooth
21). The radiographic evaluation revealed an open apex,
extensive radiolucency of the periapical tissue and type 3
dens in dente (Figure 8a). A root canal treatment was per-
formed using BioAggregate (Figure 8b). Throughout the
24-month follow-up, Tooth 21 was found to be clinically
asymptomatic and showed normal color. The radiographic
examinations showed no periodontal/periapical pathology
(Figure 8c).

DISCUSSION

The use of calcium-silicate-based bioceramics has been
steadily increasing due to the negative clinical character-
istics of the MTA that is used widely in biomimetic-based
treatments. Bioceramics have found place as alternative
materials in clinical use not only because of their ductal
patency but also for they showed positive results in vital
treatments such as pulpotomy and direct pulp capping,
apical plugging and retrograde filling [4].

Among these materials, the calcium-silicate-based
BioAggregate has specific advantages. First, it is preferred
because of its strong physical properties and because it is
highly biocompatible, nontoxic, shrink-proof and chemi-
cally stable within the biological environment. Second,
when extruded to periodontal tissue, it does not cause
inflammation, which is very important in endodontic ap-
plications [13]. It was also observed that bioceramics can
be used as an alternative paste for root canal treatments
of open apexes or perforated teeth due to positive proper-
ties such as its biocompatibility, and its ability to increase
cementoblastic and osteoblastic activity [14, 15, 16].

A further advantage of BioAggregate is that it creates a
chemical bond between dentin and filler material by form-
ing hydroxyapatite during the setting process. The result-
ing hydroxyapatite-like structure acts as a graft material
that takes up bone. A significant component of BioAg-
gregate’s improving this adherence to the canal wall is its
hydrophilic nature and low surface tension. These qualities
ensure a high closure for the cover [17]. In addition, it has
been shown that the presence or absence of a smear layer
does not affect the adherence to the canal wall [18].
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A significant portion of BioAggregate’s composition is
tantalum oxide, which is used instead of the bismuth oxide
used in MTA for radiopacity [19]. BioAggregate has a 3.8
mm aluminium equivalent radiopacity, which is higher
than MTA’s radiopacity [17]. For this reason, it is consid-
ered an alternative material because of its advantages in
the evaluation of restoration quality [20].

Bioceramic pastes such as BioAggregate exhibit biologi-
cal activity that includes an alkaline pH (pH > 12), high
calcium-ion release, and hydroxyapatite formation. In ad-
dition, BioAggregate’s tantalum oxide content contributes
to antimicrobial activity. Such activity helps prevent fail-
ures in pulpal and endodontic treatments in cases involv-
ing coronal and apical leakage of microorganisms [16].

In this manuscript, we have shown eight different uses
of BioAggregate that achieved successful long-term out-
comes. No apical pathology occurred because of these
treatments. In addition, as reported in a study by Tuloglu
etal. [21], no coronal discoloration was observed in these
instances because BioAggregate, unlike MTA, does not
contain metal oxides.

That being said, we note that traditional root canal
disassembly techniques do not completely remove bioc-
eramics from root canals and that this requires further
dismantling of the canal filler. The need for this proce-
dure and the additional time it requires are considered
the greatest disadvantage of these materials [22]. We also
note that there are limited clinical long-term studies on
the performance of this newly developed repair material
as an alternative to MTA. Such studies should be done to
achieve a greater understanding of BioAggregate’s proper-
ties and performance.

In conclusion, BioAggregate could be used as an al-
ternative material in many clinical dental treatments. Its
biocompatibility, antibacterial properties, hardening in
the presence of moisture, ideal expansion percentage, im-
permeability and dentine adhesion features provide the
described advantages in clinical uses.
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MpumeHa KNAMHUYKKUX BroarperaTa y CTOMaToN0rMju — NPUKa3 601eCHUKA

Ceunn YanuwkaH, Hypaj Tynorny, Lyne bajpak

YHuBep3uteT OcMmaHrasm y Eckuiwexupy, Cromatonolwku dakynteT, NaBHO ogerbetbe 3a Aeujy ctomatonorujy, Eckuwexup, Typcka

CAMETAK

YBop buoarperar (BioAggregate) Ha 6a3u Kanumjym-cunmkara,
Be/IMYMHE HaHOYeCTULA, MPOM3BEAEH je Kao anTepHaT/BHa Ba-
pvjaHTa MMHEpanHor TpMoKcmAHor arperata. Cagpxu agutriee
Kao LWTO Cy Kanuujym-pocdat n cunmumjym-anoKkcua, anv He
cappXu anyMUHUjyM-OKCUA 1 613MYT-OKCKA. VicTpaximBatrba
cy nokasarna fia buoarperat ocno6aha joHe Kanuumjyma Koju cy
OTMOPHM Ha NIOM/bEHbE U KUCENVHY, 61IOKOMNATUOWHY Cy 1
HenponycT/byBY, 3a PasfiNKy Of CBOjCTaBa MUHepPasTHOT TpU-
OKCW[HOT arperara.

Mpuka3s 6onecHnKa Y 0BOM UniaHKy UCMUTYjeMO OCaM NpUKasa
6onecHnka. OBy cnyyajeBu objaLlikbaBajy AyropouHe pesyntare
ynotpebe broarperata y noapyyjuma Kao WTo cy nyanotomuja
1 Jleyerbe KOPEHCKUX KaHara MPUMapHYIX 1 TpajHUX 3y6a, aenu-

MMWYHa NyNNoTOMWja, yMeTHa anuKanHa bapujepcka CTpyKkTypa
TpajHuWx 3y6a, nonpaerbakbe pecopruyje KopeHa v eyetse dens
in dente.

3akrpyuak Kao LTo ce BUAM 13 0BAe NperniefiaHnx cyyvajeBa,
Broarperat ce Moxe KOpPUCTUTU Kao anTepHaTMBHM MaTepujan
MVHepasHOM TPUOKCVAHOM arperary y MHOMM CTOMaTOJIOLL-
KM TpeTmaHrma. OBM U3BeLLTaju Takohe nokasyjy fa 6uo-
KOMMaTNOMAHOCT, aHTUOaKTePUjCKa CBOjCTBA, CTBPAHaBatbe y
B/IAXKHOM OKpPY»Kehby, MfeaniaH NoCToTak CBOjCTaBa eKCrnaH3vje,
HenponycT1BOCTM N NPOTETCKOr aAXe3MjCKOT CBOjCTBA NPY»Kajy
NPeAHOCTA Y KNNHUYKOj MPUMEHM.

bey‘lHe peun: I'IyJ'II'IOTOMI/Ija; nevyerbe KOPEHCKNX KaHana; Bbuo-
arperart BeJin4ynHe HaHo4YeCTULa; KaJ'ILlI/ijM-CVIJ'IVIKaT
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Spontaneous intramural hematoma of the
duodenum secondary to anticoagulant drug
intoxication
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SUMMARY

Introduction Duodenal hematomas are commonly traumatic, caused by blunt abdominal trauma. Non-
traumatic spontaneous intramural hematomas of the duodenum are rare, and in most cases induced by
anticoagulant therapy. The diagnosis is based on clinical and biochemical parameters, endoscopy, and
radiological examinations. The objective of this report was to present a clinical and radiological presenta-
tion of an intramural duodenal hematoma caused by anticoagulant therapy.

Case outline A 43-year-old female was presented with epigastric pain, nausea, hematemesis, and melena.
She had a positive medical history of deep venous thrombosis of the pelvis, which was diagnosed the
previous month, for which she received oral anticoagulant therapy (coumarin). Physical examination re-
vealed diffuse abdominal tenderness, while laboratory analyses showed markedly elevated international
normalized ratio (INR) of prothrombin time (INR > 7), which indicated the anticoagulant intoxication.
Computed tomography (CT) showed luminal narrowing with uniform circumferential wall thickening
of the descendent and horizontal part of duodenum, which was hyper dense in the native series and
slight and uniform ring-formed enhancement in post-contrast phases, a typical CT presentation of in-
tramural duodenal hematoma. Periduodenal and right sided pararenal hematomas were also visualized.
After stopping the anticoagulant therapy and performing conservative treatment (vitamin K) with good
therapeutic effect being monitored by physical examination, laboratory analyses and transabdominal
ultrasonography, spontaneous resolution of the duodenal hematoma was revealed by follow-up CT
examination two weeks after the onset.

Conclusion Ultrasonography and CT are useful diagnostic tools in recognition of the intramural duodenal
hematoma and other locations of hemorrhage and in monitoring therapeutic effects.

Keywords: duodenal hematoma; anticoagulant intoxication; ultrasonography; computed tomography

INTRODUCTION

Intramural hematoma of the duodenum com-
monly is traumatic, caused by a blunt abdomi-
nal trauma [1]. Nontraumatic spontaneous in-
tramural hematomas are rare, and most cases
have been induced by anticoagulant therapy [2,
3]. Such case was reported first time in 1838 [4].
Duodenum is the rarest site of the spontaneous
intramural hematoma of the small bowel (about
10%) in comparison to the jejunum and ileum
[5, 6]. This condition can be life threatening if
bleeding is massive so a rapid and accurate di-
agnosis is required. The diagnosis is based on
clinical and biochemical parameters, endoscopy
and radiological examinations such are X-ray
contrast upper gastrointestinal examination,
endoscopic ultrasound (EUS), transabdominal
ultrasonography (US), computed tomography
(CT) or magnetic resonance imaging (MRI).
Early identification by using the CT is very
important in order to promptly stop the oral
anticoagulant therapy and introduce the antago-
nists of warfarin, which would allow avoiding
the surgical treatment [7]. The objective of this
report was to present clinical and radiological

presentation of intramural duodenal hematoma
caused by anticoagulant therapy.

CASE REPORT

A 43-year-old female patient was presented
with the epigastric pain, nausea, haemateme-
sis and melena. She had a positive medical
history of deep venous thrombosis of the
pelvis one month ago, why she has received
cumarin anticoagulant therapy (acenocou-
marol). Physical examination revealed diffuse
abdominal tenderness without defense and
subcutaneous hematoma of the left lower leg
with the presence of melena on digital rectal
examination. Laboratory analyses showed leu-
kocytosis (24 x 10°/L), anemia (hemoglobin
113 g/L, MCV 82), elevated C-reactive protein
(243 mg/L) and markedly elevated internation-
al normalized ratio (INR) of prothrombin time
(INR > 7), which indicated the anticoagulant
intoxication (reference range of INR is < 1.3).
Upper flexible endoscopy demonstrated nar-
rowed lumen of the descendent duodenum
with the intact mucosa.
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Transabdominal US showed distended stomach and cir-
cumferential, uniformly hypoechoic duodenal wall thicken-
ing with the periduodenal fat stranding and small amount
of fluid in the hepatorenal recess (Figure 1). Abdominal CT
examination was performed using the following protocol:
after the ingestion of 1.5 L of water, the three-phase CT
scanning was performed (native phase and late arterial and
portal venous post-contrast phase). CT showed luminal
narrowing with uniform circumferential wall thickening
of the descendent and horizontal part of the duodenum,
which was hyper dense in the native series and slight and
uniform ring-formed enhancement in the post-contrast
phases, a typical CT presentation of intramural duodenal
hematoma. Periduodenal and right-sided pararenal hema-
tomas were also visualized. CT revealed luminal narrowing
with the uniform circumferential wall thickening of the
descendent and horizontal part of the duodenum (Figure
2). Thickened duodenal wall was hyperdense in the native
(Figure 3) and both post-contrast phases, with mild and
uniform post-contrast attenuation of the whole wall and
marked hyperattenuation of the mucosal layer (Figure 4).
Periduodenal strips were propagated towards the right an-
terior pararenal fascia, hepatorenal recess, mesentery, and
recto-uterine recess (Figure 4). According to the CT pre-
sentation, the diagnosis of the intramural duodenal hema-
toma together with the periduodenal hematoma and right
perirenal hematoma was established (Figures 2, 3, and 4).

After stopping the anticoagulant therapy and perform-
ing conservative treatment (vitamin K was given to reverse
the anticoagulant effect of coumarin) with the good thera-
peutic effect being monitored by laboratory analyses and
transabdominal US, spontaneous resolution of the duode-
nal hematoma was revealed by follow-up CT examination
two weeks after the onset.

DISCUSSION

Spontaneous intramural duodenal hematoma is usually
associated with coagulation factors’ abnormalities resulting
from anticoagulation drugs [8]. The vitamin K antagonist
warfarin remains a primary agent for oral anticoagula-
tion in the treatment of thromboembolic disorders [9].
Due to its extensive interpatient variability and narrow
therapeutic range, warfarin requires frequent laboratory
monitoring by INR testing and close patient follow-up in
order to prevent adverse effects of therapy such is spon-
taneous bleeding [10]. Hemorrhagic complications of the
anticoagulant therapy could be manifested by hematuria,
gastrointestinal hemorrhage, cerebral hemorrhage, soft
tissue hematoma, epistaxis, and retroperitoneal hematomas
[11]. An incidence of a spontaneous intramural hematoma
of the duodenum of one per 2,500 patients who receive
the warfarin-based anticoagulant therapy was reported
[12]. To the best of our knowledge, this is the first case of a
spontaneous intramural duodenal hematoma secondary to
oral anticoagulant therapy intoxication reported in Serbia.

Gastrointestinal hemorrhage can be life-threatening
due to frequent subclinical manifestations, possibilities of

Vasin D. and Buri¢-Stefanovic A.

Figure 1. Transabdominal ultrasonography - axial ultrasound scan in
the right hypochondrium: thickened and homogenous hypoechogenic
D2 duodenal wall (white star, thin arrow), with the hypoechogenic peri-
duodenal mass (thick arrow), represents intramural and periduodenal
hematoma (black star indicates narrowed duodenal lumen)

Figure 2. Contrast-enhanced abdominal CT - axial scan: thickened
and predominantly hyperdense D2 duodenal wall (white star), with
luminal narrowing and hyperdense periduodenal mass (thick arrow),
represents intramural and periduodenal hematoma; also notice right
perirenal hematoma (thin arrow)

Figure 3. Non-contrast abdominal CT - axial scan: thickened and hy-
perdense D2 duodenal wall (average attenuation 44.8 HU) (white star:
lumen of the duodenum), with hyperdense periduodenal mass (thick
arrow; average attenuation 48.8 HU), represents intramural and peridu-
odenal hematoma; also notice right perirenal hematoma (thin arrow)

intramural and extra lJuminal bleeding, difficult endoscopic
diagnosis in case of massive intraluminal and intramural
bleeding and poor results of surgical treatment. Surgical

Srp Arh Celok Lek. 2019 Nov-Dec;147(11-12):751-754
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Figure 4. Contrast enhanced abdominal CT - multiplanar coronal re-
construction: thickened and predominantly hyperdense D2 and D3
duodenal wall (white star), with luminal narrowing, and hyperdense
periduodenal mass (thick arrow), represents intramural and periduo-
denal hematoma

treatment should be considered when there is no evidence
of partial resolution after conservative treatment, or in cas-
es of perforation or peritonitis, which increases the size of
the hematoma [13, 14].

Noninvasive imaging diagnostic tools such as abdomi-
nal US or CT scans may help in early diagnosis of intra-
mural hematomas, as well as in detecting other locations of
bleeding such as retroperitoneum and peritoneum, urinary
tract, and soft tissues. US and CT also serve as imaging
tools in evaluating the therapeutic effects of conservative
and surgical treatment. Transabdominal ultrasonography
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is useful in detection of a thickened duodenal wall and
distended fluid-filled stomach as an indirect sign of “gastric
outlet” obstruction. CT is crucial in diagnosing intramural
hematoma and its causes, and important in monitoring
the effects of therapy [1, 2]. If duodenal hematoma is sus-
pected, abdominal CT should be performed in both un-
enhanced and contrast-enhanced phases after the peroral
preparation (the stomach and the duodenum distended
with water) [15]. Typical CT presentation of intramural
duodenal hematoma, like other intramural hematomas, in-
cludes circumferential ring-like hyper dense duodenal wall
thickening with luminal narrowing in the native phase,
without marked post-contrast enhancement in both arte-
rial and venous phases [1, 2, 15, 16]. In addition to the in-
tramural hematoma, duodenal perforation or intraluminal,
periduodenal, and retroperitoneal active bleeding can be
detected by contrast-enhanced CT [1, 2]. Due to a similar
CT presentation, complicated duodenal ulcer (hemorrhag-
ic or perforated), villous adenoma, or lymphoma of the
duodenum could be considered in differential diagnosis
with the intramural duodenal hematoma [1].

In summary, we described a rare complication of oral
anticoagulant drug therapy, the spontaneous intramural
duodenal hematoma. We concluded that intramural duo-
denal hematoma should be considered in patients present-
ing with symptoms of gastric outlet obstruction and gas-
trointestinal bleeding following the anticoagulant therapy.
Ultrasonography and CT are useful diagnostic tools in
detecting the hematoma, extramural and other locations
of hemorrhage and in monitoring the therapeutic effects.
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CnOHTaHU MHTPAMYpPaNHM XeMaTOM AyOoAeHYMa Kao nocneauua VIHTOKCMKalJ,Mje

dHTUKOArynaHTHUM J1IeKOBMMa
[paraH BacuH', Anekcangpa hypuh-CredaHosuh'2

'KnuHnukn ueHtap Cpbuje, LieHTap 3a pagnonorujy n MP, beorpag, Cpbuja;

2Ynueepautet y beorpagy, MeanunHcku akyntert, beorpag, Cpbuja

CAXETAK

YBop Xematomu gyofeHyma Hajuellhe cy TpaymaTcke eTmosno-
rvije, Mpoy3pOKOBaHU yAapHOM noBpenom Tpbyxa. Hetpaymart-
CKM CMOHTaHY UHTPaMypaiHu XeMaToMy fiyofeHyMa Cy PETKM 1
y HajBehem 6pojy cnyyajeBa y3pOKOBaHW aHTVMKOArynaHTHOM Te-
panujom. [lnjarHo3a ce 6a3upa Ha KIMHUYKUM 11 GUOXEMMjCKUM
napameTprma, Hanasvma eHOCKONKje U PaaroNOLLKMX MeToaa
npernega.

Linsb oBor paga je nprkas KIMHUYKE CIIMKE U PaguosIOLLKe npe-
3eHTaLmje MHTpaMypasiHOr XeMaToMa fyofieHyMa Npoy3poKo-
BaHOT aHTUKOAryNaHTHOM Tepanujom.

Mpukas 6onecHuka »eHa cTapa 43 roguHe ce jaBuna iekapy
360r enuractTpuyHor 6ona, MyyHuHe, XemaTemMese 1 MeJieHe.
Y NMuYHOj aHaMHe3K je NoCTojao nofaTak o fyboKoj BEHCKO]
TPoM6031, Koja je ANjarHOCTMKOBAHA Mecell laHa paHuje,
360r yera je NpumMasna aHTMKOarynaHTHy Tepanujy Ha 6asu Ky-
MapuHa. DU3nKanHUM Npernefom je KoHCTaToBaHa Andy3Ha
60/1Ha 0CeT/bUBOCT TpbyXa, a TabopaTOPWjCKMM aHann3ama
nosuweH INR (npeko 7), WTo je yKa3nBano Ha MHTOKCUKaLujy
aHTuKoarynaHcvma. KomnjytepusosaHom Tomorpadujom (KT)

MPUKa3aHo je Cy)ee NiyMeHa, ca PaBHOMEPHUM, LMpKymbe-
peHTHUM 3apebrbarbeM 31Aa AeCLEHAEHTHOT Y XOPW3OHTaHOT
Jena ayodeHyma; 3uf je 61o xunepaeHsaH y HaTMBHOj Gasu,
ca clabom 1 paBHOMEPHOM KOHTPACTHOM onaunduKalmnjom
y BAAY NPCTEHa y MOCTKOHTPACTHUM da3ama, LITO je TUMMYHa
npeseHTaumja Ha KT nHTpamypanHor xemaTtoma AyoAeHyMa.
Takohe cy BU3yanu3oBaHu NeEpUAYoLeHaNHN N AeCHOCTPAHM
napapeHanHu xematoM. Mocne obycTaB/batba aHTKOarynaHTHe
Tepanuje 1 yK/ibyumBatba KOH3epBaT/BHe Tepanuje (BUTamuH K),
ca fo6pyM TepanujcKMM ogroBopoMm Koju je notepheH dusmnkan-
HUM Hana3om, TabopaTopujCKMM aHanM3ama 1 yNTpas3ByKOM, Ha
KoHTponHom npernegy KT nocne fABe Heferbe KOHCTaToOBaHa je
CMOHTaHa pe3oJyLuja MHTPaMypasHOr XeMaToMa AyofeHyMa.
3aKrbyyak YntpasByk 1 KT cy KopucHe anjarHoCTUYKe meToge y
npeno3HaBatkby NHTPaMypanHOr XxeMaToma AyofieHyMa, eKCTpa-
MypasnHe 1 Apyrvx nokanmsauuja Kppapera, Kao 1y npahetby
Tepanujckor edekTa.

KrbyyHe peun: xemaToM AyofieHyMa; MHTOKCMKaLMja aHTUKoa-
rynaHcvma; ynTpasByK; KOMMjyTepr3oBaHa Tomorpaduja
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Severe painful lower limbs and refusal of the leg reliance
as atypical presentation of Gullain-Barre syndrome
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SUMMARY

Introduction Guillain—Barre syndrome (GBS) is the most common cause of acute flaccid paralysis in
healthy infants and children. Acute motor axonal neuropathy (AMAN) is a type of GBS characterized by

motor syndrome with no sensory symptoms.

Case outline Authors describe a six-and-a-half year old girl with atypical clinical presentation of AMAN
with severe painful lower limbs and refusal of the leg reliance with typical findings on nerves conduc-

tion studies.

Conclusion Despite the nerve conduction study findings, atypical forms of AMAN and GBS are possible.
Pain symptoms must be taken very seriously and treated careful by the clinicians.
Keywords: Guillain-Barre syndrome; acute motor axonal neuropathy; atypical presentation

INTRODUCTION

Guillain-Barre syndrome (GBS) is an acute, im-
mune-mediated, demyelinating, peripheral neu-
ropathy. GBS is the most common cause of acute
flaccid paralysis in healthy infants and children
[1]. Classic presentation and symptoms of GBS
include ascending muscle weakness with sen-
sory symptoms being a relatively minor feature
and decreased or absent muscle tendon reflexes.
GBS patients were divided into those with acute
inflammatory demyelinating polyradiculoneu-
ropathy (AIDP), acute motor axonal neuropa-
thy (AMAN), acute motor and sensory axonal
neuropathy and Miller Fisher syndrome [2]. The
most frequent subtype of GBS in North America
and Europe is AIDP, which accounts for up to
90% of GBS cases [3, 4]. AMAN is character-
ized clinically by nearly pure motor syndrome
without sensory involvement and final diagnosis
of AMAN is based on electrophysiological find-
ings such as decreased amplitude of compound
muscle action potential (CMAP) without any
evidence of demyelination or change in sensory
nerve action potential (SNAP) [5].

In this paper, we shall report on an atypical
presentation of AMAN with severe pain in the
lower limbs and refusal of the legs reliance with
typical decreased amplitude of CMAP without
any evidence of change in SNAP.

CASE REPORT

A six-and-a-half year old girl was admitted to
the emergency department of the University

Children’s Hospital. She was somnolent with
severe pain and muscle weakness in lower limbs,
apthous ulcers in the mouth and prostration.
The symptoms started seven days before admis-
sion with a high fever of 39°C and aphthous ul-
cers in the mouth. The next day, she complained
about exhaustion, severe pain, and muscle weak-
ness in lower limbs and she was unable to stand
up and walk, so she was admitted to the regional
hospital. The following day, her mother found
her unconscious in bed, non-responding, with
eyes and jaws fixed and livid lips with saliva leak-
ing, so she was immediately transferred to the
University Children’s Hospital.

On admission to the emergency department
of the University Children’s Hospital, the girl was
somnolent but responsive when called, afebrile,
eupneic, acyanotic, and anicteric, pale and cold
peripherally. Neurological findings included
somnolent, disoriented. Beside dysarthria, oth-
er cranial nerves were intact. On upper limbs
mild hypotonia, hyporeflexia and mild muscle
weakness was presented. On lower limbs, severe
muscle weakness and hypotonia were found with
areflexia. Babinski sign was negative. Meningeal
reactions were positive. Sensations on upper
limbs were normal, on lower limbs with severe
painful sensations, which were presented until
the end of the hospitalization and beside the
muscle weakness in the lower limbs, the most
dominant clinical symptom. There was no loss
of sensory stimuli or pins and-needles sensation.
The intestine and bladder sphincters were intact.
Autonomic functions were normal.

Personal and family history revealed no spe-
cific information. Neurological development
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was compatible with her age and all of immunizations were
on schedule with no recent immunizations.

Blood tests revealed elevated C-reactive protein 42.5
and creatine kinase 257 U/L. Later on these parameters de-
creased. Analysis of the cerebrospinal fluid revealed mild
protein content (0.648 g/L), 20 leukocytes, and glucose was
3.7 mmol/L. The serologic tests were negative for the herpes
virus, rubella, Epstein-Barr virus, rubeola, toxoplasmosis,
cytomegalovirus, enteroviruses, respiratory viruses, Lyme
disease, and Mycoplasma pneumoniae. There were no mi-
crobial proliferations in the culture for Salmonella, Shigella
and Campylobacter jejuni. Computed tomography scan of
the endocranium was within the normal range. The child
underwent nerve conduction studies (NCS). The findings of
motor NCS in the lower limbs showed reduced amplitude of
CMAPs, whereas distal latencies and motor conduction ve-
locities were normal. The findings in the upper limbs showed
also reduced amplitudes, whereas distal latencies and motor
conduction velocities were normal. Findings of sensory NCS
were interpreted as within normative ranges with normal
values for SNAP, latencies and velocities (Table 1).

Table 1. Nerve conduction studies values for tested nerves

R/L ms R/L mV R/L m/s
Type of | Name of (Normal (Normal (Normal
nerve nerve values) [6] values) [6] values) [6]
Distal latency CMAP NCS
Median 2.85/2.8 2.8/3 55/58
(<4.4) (=4) (=49)
Ulnar 2/2.1 4.5/4.7 62/60
(<3.3) (=6) (= 49)
Motor
Peroneal 2/1.8 1.1/1 55.1/55.7
(<6.5) (=2) (= 44)
Tibial 3.15/3.2 1.2/1 54.3/50.3
(<5.8) (=4 (=41)
Latency SNAP NCS
Sensor Sural 1.71.7 12.9/14 50.1/47.7
4 (<4.4) (=6) (= 40)

CMAP - compound muscle action potential; NCS - nerve conduction studies;
SNAP - sensory nerve action potential

Based on clinical features with motor involvement, elec-
trophysiological investigation, as well as the normal labo-
ratory findings, this patient was diagnosed with AMAN
subtype of GBS. Findings of sensory NCSs were normal
in spite of the severe pain in the lower limbs.

The patient was treated with intravenous immunoglob-
ulin and general supportive therapy. She did not require
respiratory support. Rehabilitation treatment started early,
right after the stabilization of the general condition. Muscle
strength of the lower and upper limbs started to improve
immediately after medication, but pain did not decrease
with the introduction of Carbamazepine, so she required
opioids for pain management in the beginning. After five
weeks, muscle strength on the upper limbs was grade five
and muscle strength on lower limbs had improved to grade
four, so she could stand independently, but severe pain in
the lower limbs persisted and the child refused to stand up
and walk. Eight weeks after admission, muscle strength on
lower limbs improved to grade five and painful sensations
decreased so she could stand up and walk independently.

Stojkovic J. et al.

Three months later, at the outpatients’ follow-up, she had
tully recovered.

DISCUSSION

Guillain-Barre syndrome (GBS) is an acute, immune-me-
diated, demyelinating, peripheral neuropathy. The disease
is thought to be autoimmune and triggered by a preceding
infection in two thirds of cases, most frequently respiratory
or gastrointestinal infections [7, 8].

Campylobacter jejuni infection has been associated with
GBS. GBS that occurs after Campylobacter jejuni infection
is usually more severe related with extensive axonal injury
[9]. The following infections have also been associated with
GBS: cytomegalovirus, influenza, mycoplasma pneumoniae,
Epstein-Barr virus infection, or mononucleosis, HIV or
AIDS. The incidence of GBS after immunization was not
different from the background incidence of GBS, thereby
precluding any firm conclusions about the significance of
these findings. However, because of the close temporal
association of GBS with selected vaccines, the risks and
benefits of immunization merit individual review by the
clinician and patient [3]. The incidence of GBS is between
1.1/100,000/year and 1.8/100,000/year with lower rates re-
ported in children (< 16 years) of around 0.6/100,000/year.
The age of onset of GBS in our patient was in accordance
with previous reports [4]. The review reported mostly on
studies from Europe and North America [8]. As it was pre-
viously stated that the frequency of AIDP subtype of GBS is
high in US and Western Europe, it should be stated as well
that the AMAN is frequent (up to 65%) in the study con-
ducted in China [4]. NCS and cerebrospinal fluid analysis
is important investigations that help confirm the diagnosis
of GBS [5]. Although GBS is a relatively uncommon condi-
tion, the consequences of a missed or delayed diagnosis and
delayed treatment can lead to progression of muscle weak-
ness and a worse outcome [10]. Our findings on NCS cor-
related with classical patterns for AMAN [11]. Treatment of
GBS patients requires a multidisciplinary approach [3, 12].
Based on clinical features with motor involvement, electro-
physiological investigation, as well as the normal laboratory
findings, this patient was diagnosed with AMAN subtype
of GBS with severe painful legs as atypical presentation of
this condition. Lee and Han [13] as well as Neocleous et al.
[14] reported the first case of AMAN confirmed by electro-
physiological studies that was accompanied by severe pain
of the entire body. In our patient, at the beginning, severe
pain sensations were treated with opioids and Carbamaze-
pine. Later on, opioids were excluded and painful sensations
were successfully treated only by Carbamazepine. Muscle
strength was the first to return, but pain persisted after
full muscle recovery. Three months later, at the outpatients’
follow-up, she had fully recovered.

Despite the NCS findings, atypical forms of AMAN and
GBS are possible. Painful symptoms must be taken very
seriously and treated carefully by the clinicians.

Conflict of interest: None declared.
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Jak 601 y AOHUM eKCTpeMUTETMMA U 0ABMjatbe BepTUKaIM3aLMje Kao aTUNHUYHA

npe3seHTauuja ’mnen—bapeosor cuHgpoma

JacHa CrojkoBuh'? ViBaHa MetpoHuh'? [lejaH Hukonuh'?, Cunuwa Jyunh*?, TopaH Bprou*, bojaH byksa?
'YHuBep3uTeTCKa fievja KNnHKKa, Cnyxba GpusnkanHe MeauLmHe n pexabunutaumje, beorpag, Cpbuja;

*YHueepauTet y beorpagy, MegnunHcku dakyntert, beorpag, Cpbuja;

3YHuBep3uTeTCKa fevja KnnHuka, Cnyxba aeuje xupypruje, beorpag, Cpbuja;
*YHnBep3uTeTcka 6onHnua,Ceetn ayx', Cnyx6a opToneacke xmpypruje, 3arpeb, Xpsatcka

CAMETAK

YBop [vneH-bapeos cuHapom (FBC) npencTas/ba Hajuewhn
Y3POK aKyTHe dnakumaHe napanuse Ko 3npase ofojuyaan v
fele. AKyTHa MOTOPHa akcoHasHa HeyponaTuja (AMAH) npea-
cTaBsba TMn [bC-a 1 KapakTepue ce MOTOPHUM CUHAPOMOM
6€e3 CeH30PHUX CUMMTOMA.

Mpuka3s 6onecHuKa AyTopu NprKasyjy WeCcToNNOroguLL by
[leBojunLly ca aTUMMYHOM KIIMHWUYKOM npe3eHTaumjom AMAH-a.
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Y Hanasy oOMUHIPa jak 6011y foHVIM eKCTPEMUTETMA U ofibujatbe
BepTVKan13aLmje ca TMNMYHVM eNeKTPOoHeYporpadCKyiM Hanasom.
3aksbyyak Mako enekTpoHeyporpadcku Hanas nokasyje Tm-
nuyHe 3Hake MBC-a, KNMHWMYKM cy Mmoryhe nojase aTUNUYHKX
dopmn AMAH-a y cknony I'bC-a. BonHu cumnTomu ce Mopajy
NpaBOBPEMEHO MPeno3HaTyi 1 aeKBATHO KNMHUYKY TPETUPaTH.

KrbyuHe peun: [nneH-bapeos cnHApPOM; akyTHa MOTOPHa aK-
COHaJIHa HeypomnaTuja; aTunMyHa npeseHTauyja
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SUMMARY

Introduction The implantable device for mechanical support of the left ventricular circulation (LVAD)
is widely applied as a therapeutic option for survival and improvement of the quality of life in patients
with the end-stage heart failure.

The objective of our paper was to present the implantation of the aforementioned device together with
the aortic valve replacement in the same procedure.

Case outline The patient was admitted to the hospital during his terminal stage of heart failure, with
ejection fraction of 18%. The ergospirometry test showed that the maximum VO, was 10.1 ml/kg/min.
Because the medicament therapy hadn't provided adequate results, the LVAD device was implanted
as a bridge until transplantation. Due to severe aortic insufficiency, the aortic valve was concomitantly
replaced with bioprosthesis in order to prevent the negative effect of this valvular disease on pump
work and clinical outcome.

Conclusion This case report confirms that LVAD implantation with the correction of a significant aortic
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insufficiency is a procedure with satisfactory short-term and long-term results.

Keywords: cardiac failure; LVAD; aortic valve

INTRODUCTION

The implantation of the left ventricular assist
device is a therapeutic option for the treatment
of end-stage heart failure patients. However,
this group of patients often suffers from dif-
ferent associated pathological changes of the
heart, most commonly cardiac valves. Some
of these defected valves require surgical cor-
rection at the same time when LVAD is being
implanted. If not, they could interfere with the
function of the device and have unfavorable ef-
fect on the clinical outcome [1].

In addition, uncorrected aortic insuffi-
ciency (AI) at the time of LVAD implantation
may progress and affect the effectiveness of the
pump by limiting forward flow [2].

We present the first case report in Serbia of
the implantation of the LVAD and concomitant
aortic valve replacement in patients with the
end-stage heart failure.

CASE REPORT

A 64-year-old male patient presented in the
end-stage heart failure due to ischemic cardio-
myopathy. The patient mentioned fatigue and
continuous squeezing chest pains as symptoms.
He had also been treated for bronchial asthma
and frequent respiratory infections. In the
previous two years, the patient had been hos-
pitalized four times due to heart failure symp-
toms. Selective coronarography showed that

left anterior descending artery had a proximal
stenosis around 90-95%, while the circumflex
artery was occluded in its medial segment. The
proximal part of the right coronary artery was
also occluded.

Ergospirometry (cardiopulmonary exercise
testing) showed reduced exercise capacity with
peak oxygen consumption (VO, peak) 10.1 ml/
kg/min.

Single-photon emission computerized to-
mography showed the absence of viable myo-
cardium of the apex, lateral, and inferior walls.

Echocardiography recorded severely im-
paired ejection fraction (EF) of the left ventri-
cle with combined aortic defect. The complete
aortic defect manifesting with aortic stenosis
and low flow gradient due to extremely im-
paired systolic function of the left ventricle
was evident (aortic valve area was 1.1 cm?,
peek gradient was 27, V max 2,6). Al of 2-3+
was recorded. The left ventricle dimensions
were enlarged, end-diastolic diameter (EDD)
was 7.2 cm, end-systolic diameter (ESD) was
6.6 cm with EF of 20% by Biplane and 18% by
Teicholz. Echocardiography also recorded aki-
netic septum and basal segment of the anterior
wall, akinetic posterior wall, as well as fibrously
modified and dyskinetic basal inferior wall. Mi-
tral valve morphology was preserved. The left
moderate to severe atrial mitral regurgitation
of 2-3+ with its normal dimensions, i.e. 3.9 cm,
was noted. The right ventricular dimension
was normal (1.8 cm), with good systolic and
longitudinal functions, fractional area change
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Figure 1. A) Preparation of the Heart Ware device - connecting the outflow graft to the pump and rinsing the pump; B) after the circular opening
of the left ventricle and fastening of the ring, the pump was fixed and hemostasis was checked; C) outlet graft fastened to the ascendant aorta

of 50% and (tricuspid annular plane systolic excursion)
TAPSE of 24 mm.

The patient was categorized as New York Heart Associa-
tion (NYHA) class IV, Interagency Registry for Mechani-
cally Assisted Circulatory Support (INTERMACS) class 4.

Upon the complete preoperative preparation, the patient
was operated on in the conditions of extracorporeal circu-
lation. After median sternotomy, the patient was heparin-
ized and cannulated. Aortic valve replacements preceded
pump implantation. Myocardial protection was achieved
using antegrade cardioplegia solution. The aortic valve
was replaced with a St. Jude Medical Biocor Bioprosthesis
(Number 23).

The aortotomy was closed. After releasing the clamp,
HeartWare LVAD (Medtronic, Minneapolis, MN, USA)
was implanted on the beating heart. The inflow cannula
device was installed over the top of the left ventricle, the
output graft was connected with the ascending aorta, while
the power cable was drawn through the skin (Figure 1).

The patient became fully activated in the postoperative
period. The patient and his family members were educated
on hygiene maintenance of the spot where the power cable
exits the skin as well as interpretation of basic findings and
LVAD controller alarm.

Echocardiography finding on discharge showed biologi-
cal artificial aortic valve closing with each cardiac cycle.
The left ventricle had mildly enlarged dimensions, EDD
5.8 cm and ESD 5 c¢m, and EF in basal segment was esti-
mated to 29%. The right ventricle had normal dimension
- 2.6 cm, good systolic and poorer longitudinal function,
TAPSE 12 mm (underestimated due to the opening of the
pericardium).

The pump speed was set at 2,600 rpm, pump flow at
6.7 I/min., pump power at 4.1 W, and spare controller at
2,600 rpm.

The therapy prescribed on discharge included the fol-
lowing: warfarin (according to therapeutic protocol so
that international normalized ratio would be 2-3); acid
acetylsalicylic 100 mg, ramipril tab. 2 x 5 mg, bisoprolol
fumarate 1 x 5 mg, amiodarone 200 mg, furosemide tab.
1 x 20 mg, spironolactone 1 x 25 mg, trimetazidine 2 x 35
mg, pantoprazole 2 x 20 mg, and atorvastatin 1 x 10 mg.
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On 30-day, two-month, six-month, and one-year con-
trol visits, the patient did not manifest the signs of heart
failure, and LVAD parameters on the controller were stable.

The pump speed was set at 2,700 rpm, in order to
achieve better unloading of the LV, with pump flow of 5
1/min and pump power of 4.4 W. Echocardiography ex-
amination at 15 months showed biological artificial aortic
valve closing with each cardiac cycle, with normal flow
gradients, improvement in EDD and ESD from baseline
values of 7.2 cm and 6.6 cm to 6.4 cm and 4.9 cm, respec-
tively and mild mitral regurgitation. For EF and B-type
natriuretic peptide (pg/ml), the baseline values of 20% and
960, improved to 46% and 176, respectively. The dimension
of the right ventricle was sustained in the normal range
(2.6 cm) with good systolic function. There was normal
flow through both inflow and outflow cannula.

DISCUSSION

The prevalence of a heart failure is roughly around 1-2%
in adults and goes all the way up to 10% in patients older
than 70 years [3].

The therapy of choice for treating end-stage heart failure
is the heart transplantation. However, the insufficient num-
ber of donors has accelerated the development of mechani-
cal circulatory support (MCS) devices. In the last couple of
decades, the biggest improvement (leap) in the treatment
of heart failure was made in the usage of short-term MCS
for cardiogenic shock, and long-term MCS for destination
or bridge-to-transplant therapy [4].

Current indications for LVAD implantation are bridge-
to-transplant patients, implantation as a permanent or
destination therapy and a bridge to recovery of the heart’s
function in cases when there is a significant improve-
ment of the heart’s structure and function that is enough
to achieve long-term disappearance of symptoms (in these
cases, the explanation of the device is considered) [5].

The number of LVADs that are implanted worldwide
is continuously rising. The growing experience of LVAD
implantation has led to a substantial improvement of the
outcome, with one-year survival rates approaching those
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in patients with heart transplantation. These refinements
have caused growing interest for expanding the clinical
indications for LVAD therapy, especially in patients with
less advanced heart failure [6, 7].

The criteria for LVAD implantation are NYHA class
IV heart failure refractory to optimal medical therapy,
left ventricular EF less than 25%, systolic blood pres-
sure < 80 mmHg, pulmonary capillary wedge pressure
> 20 mmHg, cardiac index < 2.0 I/min/m? despite con-
tinuous intravenous inotropic therapy and intra-aortic
counterpulsation. In addition to these criteria, malignant
cardiac arrhythmias, as well as patients who are on the
transplantation waiting list can also be considered for the
LVAD therapy. Patients who suffer from an advanced con-
gestive heart failure are a bigger challenge and, therefore,
physicians must monitor the symptoms closely in order to
identify the right timing for the implantation of the LVAD.
If the LVAD is implanted too early, benefits and the poten-
tial of this medical treatment to recover heart function will
not be fully utilized. If the LVAD is implanted too late, the
outcome may worsen due to a secondary organ damage
caused by a prolonged heart failure.

It is important to note that valvular heart disease is of-
ten present. The decision to surgically manage valvular
disease at the same time as LVAD implantation depends
on several factors such as the influence of valvular disease
on post-implantation period and indications for surgical
management of a valvular disease [8].

It is known that Al is a complication in approximately
25% of patients with a non-pulsatile MCS device. Although
the increase in LVAD speed improves hemodynamics, it
also deteriorates aortic regurgitation (AR). Al in patients
with LVAD support contributes to higher baseline central
venous pressure, peek capillary wedge pressure, and lower
pulmonary artery pulsatility index. [9].

Mitral stenosis must be managed during LVAD implan-
tation, since the presence of the mitral valve prosthesis
(biological or mechanical) is not a contraindication for
LVAD implantation [10].

Secondary tricuspid regurgitation (TR) is frequent in
patients with the associated failure of the right cardiac
ventricle who are undergoing a LVAD implantation. The
decision to perform a tricuspid valve repair during LVAD
implantation is in correlation with moderate-to-severe de-
gree of TR. If TR was corrected, it might have benefit on
venous flow and renal perfusion and also improve post-
operative morbidity [11].

Truby et al. [12] reported that out of 10,603 eligible
patients, 1,399 patients on CF-LVAD support developed
moderate to severe Al. The prevalence of a significant Al
progressively increased over time. The predictors of Al
worsening included older age, female sex, smaller body
mass index, mild pre-implantation AI, and destination

Mikic A. et al.

therapy strategy. Moderate to severe Al was associated with
significantly higher left ventricular EDD, reduced cardiac
output, and higher levels of brain natriuretic peptide. Sig-
nificant AI was associated with higher rates of rehospitaliza-
tion (32.1% vs. 26.6%, respectively, at two years; p = 0.015)
and mortality (77.2% vs. 71.4%, respectively, at two years;
p = 0.005), conditional upon survival to one year. [12, 9].

The surgical strategy and timing of significant AR surgi-
cal management have not been fully defined. There have
been several articles describing a few treatments of AR at
the time of LVAD implantation. Understanding of the Al
after MCS is evolving; however, continuous closure of the
aortic valve is thought to be the main cause. Careful at-
tention to outflow cannula orientation in order to prevent
direct flow towards the aortic valve can minimize the stress
on the valve [9].

Today, the most common procedure is a simultaneous
aortic valve replacement with bioprosthesis. However, you
may also find reports of patch closure of the outflow tract,
primary aortic cusp closure with felt strips, and coaptation
stitching of the valve cusps that are more rare procedures [13].

The bioprosthetic valve replacement has the advantage
of eliminating valve pathology altogether and not render-
ing the patient LVAD-dependent. It is very important to
know that the controlled work pump and heart beat ratio
provide occasional opening of the aortic valve (or biopros-
thesis) that could potentially prevent the development of
clot formations and fusion of the aortic root washout [14].

Timing of the aortic valve replacement is a unique clini-
cal challenge as well, and the decision is made based on
the degree of AR, as well as indications for LVAD implan-
tation. Patients with mild to moderate AR who belong to
the “bridge-to transplant” group, where a shorter time of
organ donation is expected, the replacement of aortic valve
is not necessary. On the other hand, in the “destination
therapy” group and in patients with significant AR, aortic
valve replacement during LVAD implantation is a reason-
able option [15].

The case presented in our report underwent implanta-
tion of LVAD for maintaining vital parameters and elimi-
nating the symptoms of heart failure. The significant aortic
failure was repaired simultaneously with LVAD implanta-
tion by replacing the impaired valve with bioprosthesis.
This case report shows that LVAD implantation, along
with correction of significant AI by replacing the aortic
valve with bioprosthesis, is a procedure that has satisfy-
ing results.

This case report was approved by the institutional eth-
ics committee, and written consent was obtained from the
patient for the publication of this case report and any ac-
companying images.

Conflict of interest: None declared.
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UmnnaHTauuja ypehaja 3a mexaHMUKy LIUPKYATOPHY NOTNOPY IeBe KOMOPE U

NPUAPYKEHa 3aMeHa aopTHe Ba/iBye

Anekcanpap Muknh'2 Emunuja Hectoposuh?, Vinuja bunbuja'?, Oywko Tep3uh? Ceeto3ap MyTHMK'?

'YHuBep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;

2KnuHunuku ueHTap Cpbuje, KnuHuka 3a kapauoxupyprujy, beorpag, Cpbuja

CAMXETAK

YBop VimnnaHTabunHm ypehajn 3a MexaHuKy noTrnopy LpKy-
nauuje neee komope (LVAD) WwinpoKo ce KopucTe Kao Tepanujcka
onuuja 3a MpexuB/baBatbe 1 Nobosbluatbe KBanMTeTa KMBOTA
6onecHnKa ca TepMUHaNHOM CpyaHom caboLuhy.

Linrb paga je npeseHTauuja umnnarTauumje ypehaja 3a TpajHy
MeXaHWYKY LIMPKynaTopHY NOTRNOPY IeBE KOMOPE Y3 3aMeHy
aopTHe BanByJ/e y UCTOj NpoLiefypu.

Mpukas 6onecHnKa bonecHuK je xocnuTanM3oBaH y TepMMHan-
HOM CTagujymy cpuaHe UHcyduumjeHupmje ca ejeKunMoHom dpak-
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Lmjom of 18%. EprocnmpomeTpujcki TECT je NOKa3ao MakCUMyM
VO, op 10,1 ml/kg/min. C 063pom Ha TO 1a MefiiKaMeHTO3Ha
Tepanuja Huje fana 3afosorbasajyhe pesyntarte, yrpaheH je LVAD
Kao MOCT 10 TpaHCMaHTauuje cpua. 360r 3HauajHe aOPTHE UH-
cybuumjeHumje BanByna je 3amereHa buonpotesom Aa 6u ce
CMPeyro HeMOBOJbHY YTULAj Ha paj Nymne 1 KNNHUYKA NCXOR,.
3aksmyuak imnnaHtauyja LVAD-a y3 KopeKuujy 3HayajHe aopT-
He nHcyduLmjeHLMje je npoLieAypa ca 3aj0BorbaBajyhvm KpaT-
KOPOYHMM 1 ByrOPOYHUM pe3ynTaTuma.

KmbyuHe peun: cpuaHa cnabocrt; LVAD; aopTHa BanByna
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SUMMARY

Introduction Extremely rarely, the evolution of abdominal aortic aneurysm (AAA) includes the phase
when extravasations of the blood from a ruptured aneurysm is contained by the surrounding tissue,
referred to as chronic (contained) rupture of the AAA.

Our aim was to call attention to this life-threatening condition, which is always challenging for diagnosis.
Case outline A 58-year-old man reported to the Emergency Center for significant abdominal pain. Ultra-
sound examination showed an infrarenal aneurysm of the abdominal aorta. A computed tomography
scan of the thorax, abdomen, and pelvis with iodine contrast in arterial phase was performed. A free gas
collection was observed between the liver and the anterior abdominal wall that is traced to a ruptured
inflamed diverticulum on the transversal colon. Immediately distal to the branching sites of the renal
arteries, the abdominal aorta extended forward and aneurismatically expanded. Posterior left, along the
psoas muscle, a rupture of the aortic wall was seen, with an organized hematoma that accompanied
the muscle. Between the hematoma and the aortic aneurysm, erosions of the anterior and lateral part
of the vertebral bodies L2 and L3 were discovered. The patient underwent endovascular AAA repair
(EVAR) and recovered well.

Conclusion Multidetector computed tomography angiography is a reliable, non-invasive, and neces-
sary examination for localization and evaluation of the size of the AAA form, its chronic rupture, and
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complications such as vertebral body erosion.

Keywords: abdominal aorta aneurysm; chronic rupture; vertebral body erosion

INTRODUCTION

Abdominal aortic aneurysm (AAA) is a dila-
tation of its wall up to a diameter greater than
30 mm. AAA rupture is a significant cause of
death for people over 55 years of age [1]. In
cases where after a rupture and under certain
circumstances hematoma formation occurs
with localized and partly organized bleeding,
a chronic AAA rupture is created which occurs
in only 4% of all AAA cases [2]. One of the few
complications can be the usurpation of verte-
bral bodies as a result of long-term compres-
sion on them [3].

CASE REPORT

A 58-year-old man reported to the Emer-
gency Center for significant abdominal pain.
There wasn’t any history of diabetes, hyper-
tension and chronic lung disease. He has been
smoking and had myocardial infarction 15
years ago and had duodenal ulcer surgery 10
years ago. Physical examination revealed that
the patient was sub-febrile and normotensive,
and palpatory examination of the abdomen

revealed pulsations in supra and umbilical re-
gion. Laboratory findings were within normal
limits. Ultrasound examination showed an in-
frarenal aneurysm of the abdominal aorta. In
the native abdominal image in the supine posi-
tion, we noticed a smaller free gas collection -
pneumoperitoneum. A computed tomography
(CT) scan of the thorax, abdomen, and pelvis
with iodine contrast in the arterial phase was
performed. We found right pleural effusion di-
ameter of 25 mm, with no active pathological
changes in the lungs. There was no significant
finding in the mediastinum. A free gas collec-
tion was observed between the liver and the
anterior abdominal wall, traced to a ruptured
inflamed diverticulum on the transversal colon.
Perihepatic and perisplenic free fluid and signs
of mesenteritis were found. A ventral hernia
of the anterior abdominal wall with bowel and
adipose tissue within the hernia sac was noted.
Immediately distal to the branching sites of the
renal arteries, the abdominal aorta extended
forward and aneurismatically expanded the
largest diameter of about 15 cm, calcified wall
with a marginal thrombus mass of about 16 cm
in length (Figure 1). Posterior left, along the
psoas muscle, a rupture of the aortic wall was



Vertebral erosion due to chronic rupture of aneurismatic abdominal aorta

Figure 1. Computed tomography aortography showing the abdominal
aorta extending forward and aneurismatically expanding with calcified
walls and a marginal thrombus mass (white arrow)

seen, with an organized hematoma that accompanied the
muscle about 12 cm in length. Between the hematoma and
the aortic aneurysm, erosions of anterior and lateral parts
of the vertebral bodies L2 and L3 were discovered (Figure
2). Right common iliac artery was aneurismatically dilated
up to 35 mm in diameter, while the left one was of normal
lumen width, with both having calcified walls.

The patient underwent endovascular AAA repair
(EVAR), and he recovered well.

Before the EVAR procedure, the ruptured diverticulum
needed to be resolved. After drainage of the peritoneum,
surgeons performed colonic resection with primary anas-
tomosis without colostomy placement. For the next 10
days, the patient was on antibiotic therapy. Postprocedural
complications did not occur.

DISCUSSION

Chronic AAA rupture is a rare complication that occurs
in 4-7% of cases [2, 4]. On CT examination, it appears as
a sign of a “wrapped” aorta. It is presented as the disconti-
nuity of the calcified aortic wall, a clearly limited mass of
soft tissue density vaguely restricted from other adjacent
structures (spine, psoas muscle) [5, 6]. There are no signs
of contrast extravasation within the mass described, which
clearly differentiates it from true AAA rupture [7, 8, 9]. The
diagnosis of chronic AAA rupture is very important and
necessary in order to be aware of possible complications,
such as the erosion of vertebral bodies, as well as to find out
their causes. The complications of vertebral bodies’ erosion
could be paraplegia, inflammation, as well as death [10, 11].

Destruction of vertebral bodies occur as a complica-
tion in only 7% of AAA cases [3]. The cause of erosion of
vertebral bodies can be a wide range of diseases of different

Srp Arh Celok Lek. 2019 Nov-Dec;147(11-12):762-764

Figure 2. Sagittal computed tomography reconstruction showing the
aortic aneurysm (white arrow) and discovered erosions of the anterior
and lateral parts of the vertebral bodies L2 and L3 (black arrows)

etiology: metastases, vertebral tumors, vertebral fractures,
osteoporosis, and spondylitis [12, 13, 14]. They can occur
separately from AAA in inflammatory diseases such as
Behcet’s disease and syphilis. Compressive uses can occur
in retroperitoneal tumors and retroperitoneal abscesses,
and this is where CT diagnosis is crucial in differentiating
from the compressive effect of chronic AAA rupture [6].

In the case of our patient, we noticeD the sign of a
“wrapped” aorta as the discontinuity of the calcified wall,
then the mass of soft tissue density (formed by the old
hematoma) extending from the AAA, vaguely delimited by
the left psoas muscle and in contact with the spinal column
and usurpations of the L2 and L3 vertebrae. We consulted
an orthopedist and decided not to do anything with ver-
tebral bodies and to let them repair spontaneously. Our
patients underwent EVAR, the gold standard for repair-
ing aneurismatic dilatation of the aorta [14, 15, 16]. The
patient recovered well. Ten days after the procedure, he
was discharged from the hospital, and has regularly been
reporting for check-ups, without any sign of complication.

Based on the literature and as presented in our case,
we can conclude that multidetector computed tomogra-
phy angiography is a reliable non-invasive and necessary
examination for localization and evaluation of the size of
the AAA form, as well as for differential diagnosis of its
complications.

Conflict of interest: None declared. The report follows
the ethical guidelines of the most recent Declaration of
Helsinki (Edinburgh, 2000) and has received approval from
the local ethics committee.

Informed consent statement: Consent was obtained from
the patient for publication of this report and any accom-
panying images.
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CAMETAK

YBop M3pa3uTo peTko ce Kof aHeypr3mMe abfoMMHaHe aopTe
MO>e BraeTn pasa Kafja ce eKcTpaBa3saLinja KpBu 13 pynTypu-
paHe aHeypun3me 3aApKaBa y OKOJIHOM TKBY, LUTO Ce Ha3nBa
XPOHWYHOM (OrpaHMyeHOM) pynTypoM aHeypusme abgomu-
HallHe aopTe.

Linrs papa je 610 fa ce cKpeHe Nakkba Ha 0BO KUBOTHO Yrpo-
*xaBajyhe cTatbe, Koje Huije YBEK Tako OTKPUTY.

Mpukas 6onecHnKa Y YpreHTHY LieHTap ce jaBro 58 rognHa
CTap MyLLKapaL 360r 3HayajHor 601a y cToMaky. YNTpa3By4yHo
je BepudrKoBaHa aHeypu3Ma H$papeHanHor Aena abgomu-
HaslHe aopTe. YpaheHa je komnjyTeprzoBaHa Tomorpaduja ca jo-
JOHUM KoHTpacTom. OTKprBEHa je Konekuuja raca usmehy jetpe
1 npeprer TpOYLWHOr 3uAa Koja je npahieHa Ao pynTypupaHor
MH$NaMnpaHor A1BePTUKYSTyMa TPaHCBEP3aIHOT Aena KoMoHa.

HenocpepHo ncnop ncxoguiuta peHanHUxX apTepuja youmnno ce
aHeypr3MaTCKO NPOLLKpPeHe aopTe Koje ce Mpy»aso yHarnpes,.
Mo3agu neBo, pyx m. ilipsoasa, youeHa je pyntypa 3ufa aopte
Ca OpraHK130BaHNM XeMaTOMOM Koj ce npy»a yHyTap Muwuha.
/13mehy xemaToma 1 aHeypU3MaTCKOr MPOLLMpPeHsa Ce BUAE epo-
3vije mpefber 1 criosballikber fena NpLUbeHCcKux Tena L2 v L3.
YpaheHa je eHgoBacKynapHa penapauuja aHeypusme abgomu-
HasHe aopTe 1 6onecHMK ce Jo6pPo onopasuo.

3akmbyuak KomnjytepusoBaHa Tomorpadcka aoptorpaduja,
MHaye HeMHBa3MBHa METOAA, MOKa3asa ce Kao Moy3AaHa U He-
OMXofHa Y Cyyajy OTKpVBaHba XPOHUYHE pPYNType aHeypusme
abaoMMHanHe aopTe ca KOMMMKaLMjoM Y BUAY epo3uja Knume-
HVX MPLbEHOBA.

KmyuHe peun: aHeypu3ma abgomuHanHe aopTe, XpOHNYHa
pynTypa, epo3uje NPLUbEHCKUX Tena
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Laparoscopic splenectomy in the treatment of
splenic artery aneurysm - case report and literature
review
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SUMMARY

Introduction Splenic artery aneurysm is the most common visceral aneurysm with a prevalence of
0.2-10%. It is the third most frequent abdominal aneurysm as well. It can be true or false. It occurs more
often in women than in men. We present our experience with a 34-year-old female patient who underwent
laparoscopic splenectomy due to the splenic aneurysm located in the splenic hilum.

Case outline We present a case of a 34-year-old female patient diagnosed with an enlarged splenic artery
during a routine abdominal ultrasound examination. Abdominal scan and computed tomography angi-
ography showed saccular aneurysm of the splenic artery located in the hilum of the spleen, 24 x 17 mm
in size. Given the good general condition and age of the patient, we decided to perform laparoscopic
splenectomy. The operation was performed without complications, which was also the case with the
postoperative flow. The patient was discharged from the hospital on the third postoperative day.
Conclusion Laparoscopic splenectomy is a safe and effective modality for the treatment of splenic ar-
tery aneurysm, localized in the splenic hilum. Considering all the benefits of minimally invasive surgery,

laparoscopic splenectomy should be the treatment of choice, over the classical open approach.
Keywords: spleen; aneurysm; splenic artery; laparoscopic splenectomy

INTRODUCTION

Splenic artery aneurysm (SAA) is the most
common visceral aneurysm with a prevalence
of 0.2-10%. It is the third most frequent ab-
dominal aneurysm [1]. According to standard
classification criteria SAA can be true (involves
all three layers of an artery) or false, i.e. pseu-
doaneurysm (collection of blood that forms
between the two outer layers of an artery). It
occurs more often in women than in men, by
a ratio of 4:1. Most aneurysms are less than 2
cm in diameter, saccular and commonly found
at the center or the distal part of the splenic
artery [1, 2].

The main risk factors for lienal artery aneu-
rysm that have been identified are female sex,
fibromuscular dysplasia, vascular diseases,
multiple pregnancies, and portal hypertension
[2, 3]. Abdominal ultrasound or Doppler ul-
trasonography, computed tomography (CT),
nuclear magnetic resonance (NMR), selective
and CT angiography are used to diagnose this
disease [4]. Aneurysms with a diameter larger
than 2 cm require surgical treatment, as well as
symptomatic aneurysms less than 2 cm in di-
ameter. Aneurysms less than 2 cm and without
symptomatology can be radiologically moni-
tored [1, 4, 5].

There are several treatment modalities for
SAAs: open resection, splenectomy, as well as

endovascular treatment (graft, stent, or embo-
lization), depending on the patient’s suitability
for a particular type of treatment [6, 7].

In this paper, we present laparoscopic sple-
nectomy as a safe and effective treatment mo-
dality for SAA located in the splenic hilum.

CASE REPORT

A 34-year-old female patient diagnosed with
an enlarged splenic artery in routine abdomi-
nal ultrasound examination was admitted to
the Clinic for Digestive Surgery within the
Clinical Center of Serbia on March 15, 2019.
By examining her medical documentation, we
found out that the patient was being treated
for hypertension with an ACE inhibitor. All
laboratory findings on admission were within
normal range with a body mass index of 31.67
kg/m?. Abdominal CT scan and CT angiogra-
phy verified enlarged, tortuous splenic artery
and saccular aneurysm in the splenic hilum,
24 x 17 mm in size, with intimal calcification
and thrombus (Figure 1).

Considering radiological findings, we decid-
ed to perform splenectomy. Because the patient
was a young woman in good medical condition,
we opted for a laparoscopic approach.

To prevent the formation of thromboembol-
ic complications, the patient was preoperatively
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Figure 2. Intraoperative photo: splenic artery aneurysm pulled with
a yellow rubber band

Figure 3. Intraoperative photo: key step for aneurysm clipping with
“hem-o-lok” clips

treated with low-molecular-weight heparin. After induc-
tion of general endotracheal anesthesia, the patient was po-
sitioned in the right hemilateral position, i.e. the “hanging
or leaning spleen” technique [8]. After port placement and

‘ DOI: https://doi.org/10.2298/SARH190729101M

Milosavljevi¢ V. et al.

Lt RIS e |

Figure 5. Operative specimen with splenic artery aneurysm

insertion of a laparoscope, the examination of the abdo-
men confirmed the preoperative finding. An aneurysm of
the splenic artery in the hilum of the spleen was identified.
We first mobilized the spleen by cutting the splenic liga-
ments and short gastric vessels with a laparoscopic har-
monic scalpel. After complete mobilization of the spleen,
we started the preparation of aneurysm and its separation
from the surrounding structures (Figure 2). After prepara-
tion of the artery, a few centimeters proximally from the
aneurysm, we placed two hem-o-lok clips proximally and
one distally, and then cut the artery (Figure 3). The splenic
vein was treated the same way. After taking care of the ele-
ments of the hilum, the spleen was completely separated
from the surrounding structures, placed in the endobag

Srp Arh Celok Lek. 2019 Nov-Dec;147(11-12):765-768
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(Figure 4), and thus removed from the abdomen. Hemo-
stasis was checked and the abdominal tube was placed.
The splenic specimen was sent to the histopathological
examination (Figure 5).

A definitive histopathological finding showed that the
tissue of the spleen had preserved histomorphology and
that the splenic artery had the aneurysmatic expansion,
sclerosis and focal calcification.

There were no postoperative complications. The naso-
gastric tube was removed on the first and the abdominal
tube on the second postoperative day. The patient was
discharged from the hospital on the third postoperative
day with prescribed antibiotic prophylaxis and postopera-
tive immunization, according to the current literature and
guidelines for the prevention and treatment of postsple-
nectomy complications [9, 10].

The report was approved by the institutional ethics
committee, and written consent was obtained from the
patient for the publication of this case report and any ac-
companying images.

DISCUSSION

St. Leger Brockman reported the first surgical case of an
SAA in 1930 [1]. Saw et al. [11] performed the first lapa-
roscopic-assisted SAA operation in 1993. SAA is the third
most common type of abdominal aneurysm that accounts
for 60% of all visceral aneurysms with a prevalence of 0.8%
in the adult population. SAA is defined as a segmental
enlargement of the artery with a diameter of 10 mm. SAA
rupture is a life-threatening condition with a mortality rate
of up to 75% [1, 12].

Most SAAs are true aneurysms, with higher represen-
tation in women. The main risk factors are female sex,
atherosclerosis, arterial hypertension, multiple pregnancies
[2]. According to the literature data, 10% of gigantic SAAs
(> 5 cm) are associated with liver cirrhosis. Around 2.5%
of patients have portal hypertension [2, 6, 13]. Pancreatitis
is reported as the main risk factor for the emergency lapa-
rotomy to treat sudden rupture and bleeding from splenic
artery pseudoaneurysms [6]. Pancreatic enzymatic auto-
digestion can cause weakening of the splenic artery wall
architecture leading to pseudoaneurysm formation.
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In most cases, SAA is asymptomatic. Most of them are
discovered on routine examinations or as an incidental
finding during the radiological imaging performed for
another medical condition [2]. SAA can be diagnosed by
abdominal ultrasonography, CT, NMR, and CT angiog-
raphy [1, 4, 5].

In symptomatic patients, the most common complaints
are epigastric or back pain. Some authors consider that all
symptomatic patients, as well as patients with no symp-
toms, whose SAA is > 20 mm in diameter, should be sur-
gically treated because of the possibility of rupture [12].
Particularly risky groups of patients are pregnant women,
patients with portal hypertension, and patients in whom
liver transplantation is planned [2, 12]. In patients with-
out symptoms, in whom SAA is < 20 mm in diameter,
radiological follow-up by abdominal CT every six months
should be enough [1, 2, 12]. In our case, the patient was
without symptoms. Because of the SAA of 24 mm in size,
we opted for surgical treatment.

The modality of the SAA management is an open
spleen-preserving aneurysm resection with splenic artery
end-to-end anastomosis. Open or laparoscopic splenec-
tomy is the treatment choice for aneurysms located in the
splenic hilum or immediately next to the hilum. Another
option is endovascular management with stent placement
or arterial embolization [6, 7, 14, 15]. The aim of surgical
treatment should be the treatment of aneurysm with the
splenic preservation or the preservation of a sufficient part
of the organ (not less than 25% of the volume), enough to
perform the immune function. According to the current
literature, most authors advocate the performance of sple-
nectomy in patients with aneurysms located in the hilum
of the spleen [16].

In our patient, the aneurysm was in the hilum of the
spleen, so we performed laparoscopic splenectomy.

Laparoscopic splenectomy in the treatment of a SAA
located in the splenic hilum or right next to the hilum of
the spleen is a safe and effective method of treatment of
this disease. Considering all the advantages and benefits of
minimally invasive surgery, it should be given preference
as to a method of choice, compared to open splenectomy.
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CAXETAK

YBop AHeypu3ma NvjeHarnHe apTepuije je Hajuelwha BrcLepanHa
aHeypu3ma ca npeaneHuom 0,02-10%. Takohe je Ha Tpehem
MeCTY MO YYecTas0CTV Of CBUX abAOMUHANHUX aHEeYPU3MU.
Moxe 61T npaea 1 naxkHa. JaB/ba ce yewhe Koj XeHa Hero
Ko MyLUKapaLa. Y 0BOM TeKCTY npukazahemo Halue UCKyCTBO
ca 6o51ecHULOM cTapom 34 roiMHe Kojoj je yuMkeHa flanapo-
CKOMCKa CnneHeKTomuja 360r aHeypri3ame CriieHNYHe apTepuje
NOKann30oBaHe y Xunycy cnesvHe.

Mpukas cnyyaja Kog 6onecHuLe cTape 34 rogyHe Ha PyTWH-
CKOM yNTpa3By4YHOM Npernegy abgoMeHa AujarHOCTMKOBAHO je
npoLvpetbe njeHanHe aptepuje. KomnjytepnsoBaHOM TOMO-
rpadckom aHrrorpadujom NoTBpHEHO je MOCTojare CakynapHe
aHeypu3Me JIjeHanHe apTepuje y Xunycy cnesvHe, AMeH3uja
24 x 17 mm. C 063v1pOM Ha onLuTe CTake 1 y3pacT bonecHuue,

OANyUMSIN CMO Ce 3a 1anapoCKoncKy crineHekTomujy. Onepa-
umja je npoTekna 6e3 KoMnIMKaLwja, Kao 1 NOCTONePaTBHM
ToK. BonecHuua je oTnywTeHa ca knuHuke Tpeher noctone-
paTVBHOT AaHa.

3akspyyak Jlanapockoncka cnaeHeKkToMmnja npeacTas/ba
CUrypaH 1 eprikacaH HaumH fleyerba aHeypu3me CrneHnyHe
apTepuje nokanusoBaHe y xunycy cnesuHe. imajyhu y suay
NpeaHOCTU MAHUMANHO MHBA3VBHOT XVPYPLIKOT MPUCTYNa, Jla-
MapocKomcKa CriieHeKTOMMja ce MoXe CMaTpaTy NpoLieaypom
1360pa y OAHOCY Ha KNacnyaH, OTBOPEHW NPUCTYN XVPYPLUKOT
Neyetba aHeypr3Me CrieHNYHe apTepuje oKann3oBaHe y Xu-
nycy cnesuHe.

KmbyuHe peun: cnesviHa; aHeypusma; injeHanHa aptepuja; na-
MapoCKomncKa CriieHeKToMmja
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Metastatic atypical lung carcinoid treated with
combined therapies
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SUMMARY

Introduction Lung carcinoids are considered a rare and uncommon group of lung tumors, making about
1% of all primary lung tumors. Atypical carcinoids are more aggressive than typical ones, with higher
metastatic potential and worse prognosis and a 10-year survival rate of less than 60%.

Case outline In 2012, a 61-year-old male underwent the right lower lobectomy and the histopathological
finding was an atypical lung carcinoid tumor. At the beginning of 2016, radiological and bronchoscopic
progression of the disease was reported. Magnetic resonance imaging revealed enhanced nodular lesions
compatible with liver metastases. The patient received endoluminal brachytherapy. Subsequently, the
first line chemotherapy according to the cisplatin/etoposide (PE) protocol was applied. In August 2016,
the somatostatin receptor scintigraphy (SRS) revealed secondary deposits with somatostatin receptor
(SR) expression in the liver and lungs. The treatment with lanreotide injections was initiated. After five
treatment courses, progression of the disease in the bronchial tree was verified and electro-cauterization
and argon plasma cauterization of the tumor in the right main bronchus were performed. In Septem-
ber 2017, progression of the disease was verified again. The Oncology Board introduced the third line
therapy with everolimus.

Conclusion The evidence supporting optimal treatment strategies for an atypical lung carcinoid tumor
is lacking, but some recent publications indicate that multimodal treatment is associated with prolonged

survival.

Keywords: lung; atypical carcinoid; somatostatin receptor; brachytherapy; everolimus

INTRODUCTION

Lung neuroendocrine tumors are classified into
four categories, depending on their increasing
biological aggressiveness: 1) typical carcinoid
(TC), 2) atypical carcinoid (AC), 3) large-cell
neuroendocrine cancer (LCNEC), and 4)
small-cell lung cancer (SCLC). The guidelines
for the Ki67 proliferation rate are given in the
new WHO classification as the Ki67 index
which amounts to 50-100% for SCLC, from
40-80% for LCNEC, 5-20% for AC, and falls
below 5% for TC [1]. Lung carcinoids (LC) are
rare pulmonary tumors making 1-5 % of all
malignant lung tumors, having the incidence
of 5-10/1,000,000 [2]. The standard treatment
approach for lung carcinoid is a surgery, due
to the fact these tumors are poorly sensitive to
irradiation or chemotherapy [3].

TCs make up 70-90%, and ACs 10-30%
of all LCs. The overall survival of patients un-
dergoing total resection amounts to 92-100%
for TCs, and 61-88% for totally resected AC.
Inoperable LCs represent a considerable treat-
ment challenge due to their poor chemo- and
radiosensitivity. In addition, these tumors may
reoccur or metastasize a decade after the pri-
mary resection [4, 5].

CASE REPORT

The approvals of the Committee on Ethics and
of the Oncology Board were received for the
purposes of this report.

A 54-year-old male with the symptoms of
cough, fever, and dyspnea was admitted to the
Institute for Pulmonary Diseases of Vojvodina
in November 2012. The standard chest X-ray
was presented with an oval opacity in the lower
pole ow the right hilus (Figure 1). The chest
computed tomography (CT) finding disclosed
a tumorous lesion with the longest diameter of
6 cm, which infiltrated the S6 bronchus.

The endoscopy finding revealed a necrotic
tumor emerging from the right Nelson bron-
chus, almost totally obstructing the basal bron-
chi. The histologic finding of the tumor biopsy
sample correlated with lung adenocarcinoma.
On November 12, 2012, the patient was submit-
ted to lobectomy of the right lower lung lobe.
The definite histopathology finding was tumor
carcinoides typus atypicus (Figure 2). The TNM
classification established the definite T2aNOMO
stage of the disease. Adjuvant chemotherapy
was recommended, but the patient was not
motivated for any additional treatment at that
time. Regular postoperative Oncology Board
controls were performed. All required analyses
persisted normal for three years.
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inflammatory-type lesions at S2 on the right, accompanied
with an intraluminal lesion of the intermediary bronchus.
Unclearly demarcated liver lesions were also detected. The
MRI finding from February 2016 was presented with mul-
tiple liver lesions characterized as secondary deposits. The
whole-body positron emission tomography (PET) showed
active nodes in the liver and an active lesion in the right
lung (Figure 3).

Bronchoscopy performed in February 2016 revealed
the following findings: tiny tumorous formations, smooth
in the distal part of the trachea, and one larger smooth
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Figure 2. Atypical carcinoid: (A) punctate focus necrosis of carcinoid tumor cells and eosin; (B) a single mitosis in one tumor cell and cells with
granular nuclear chromatin; (C) Ki-67 shows an intermediate proliferation rate

Figure 3. Magnetic resonance image of the abdomen: metastatic liv-
er lesions, confirmed by positron emission tomography scan, which
showed accumulation of radioactive fluorodeoxyglucose in the liver,
as well as in the right lung

Figure 4. Endoscopic finding — the tumor removed applying the elec-
trocautery loop; infiltrations in the tracheobronchial tree removed by
argon plasm cauterization

On the regular control in November 2015, the patient
had no symptoms, chest X-ray was identical to the former
one, but CT of the abdomen revealed the liver involved
by a few hypodense focal lesions in both lobes, probably
hemangiomas. Erythrocyte pool liver scintigraphy was
performed in December 2015 and detected no hemangi-
oma-characteristic zones. The patient was scheduled for
magnetic resonance imaging (MRI) of the abdomen. In
January 2016, he developed fever and cough. The chest
X-ray showed tiny inhomogeneous lesions in the right up-
per lung field and CT of the thorax disclosed infiltrative,

‘ DOI: https://doi.org/10.2298/SARH190312060L

tumor in the orifice of the upper bronchus on the right,
entirely obstructing the orifices. The Oncology Board
recommended endoluminal irradiation treatment, to be
succeeded with chemotherapy (cisplatin/etoposide pro-
tocol). The patient completed this treatment in July 2016.
On the control examination in August 2016, the finding on
the lungs was in partial regression, but the finding on the
liver persisted unchanged. All available histopathological
samples were reassessed and they were AC of the lung,
with low proliferative Ki index. The somatostatic recep-
tor scintigraphy (SRS) was performed showing second-
ary deposits with SRS expression in the liver and lungs.
The patient was started on lanreotide injections. After five
therapy courses, progression of the disease in the tracheo-
bronchial tree was verified. The tumor was removed by the
electrocautery loop. Three months later, the tumor reoc-
curred at the same site so we reapplied the electrocautery
loop, and then removed infiltrations in other localizations
of the tracheobronchial tree by argon plasma cauterization
(Figure 4). On the occasion of a new relapse episode in the
right main bronchus when the lumen of the bronchus was
reduced to 20%, spirometry and blood gas exchange find-
ings persisted to be normal, but due to the latest endoscopy
finding, interventional palliative bronchoscopy procedures
(electrocautery of the tumor and argon plasma coagula-
tion) were indicated.

In December 2017, the disease progression was reg-
istered in terms of an increased number and size of liver
metastases, so the patient was selected for the third line
treatment for AC with the everolimus drug. The patient
was receiving this therapy from February to July 2018
when he developed undesirable side effects in terms of
gastrointestinal symptoms and disease developed further
liver progression resulting in the liver failure, so the drug

Srp Arh Celok Lek. 2019 Nov-Dec;147(11-12):769-772
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was discontinued in September 2018. At present, the pa-
tient has been receiving the symptomatic treatment with
maximal supportive palliative oncological therapy.

DISCUSSION

LCs are included in the spectrum of neuroendocrine
lung tumors, with a low frequency rate, ranging 0.2-2 per
100,000 inhabitants per year in the USA and Europe [6].
LCs belong to neuroendocrine lung tumors staged from
the low-grade TC and intermediate-grade AC, to the high-
grade LCNEC, and SCLC. TCs have less than 2 mitoses
/ 2 mm?, and no necrosis, while ACs have 2-10 mitoses
/ 2 mm?, and punctiform necrosis foci [7]. The diagnosis of
LC is sometimes difficult to establish without immunohis-
tochemical analyses (IHA) resulting in misdiagnosis, as it
was the case in our patient, in whom the histopathological
analysis of the tumor biopsy suggested lung adenocarci-
noma and the definite diagnosis of carcinoid was at last
established by IHA of surgically obtained biopsy samples
and defined as atypical lung carcinoid. The reassessment
procedure in our patient included the Ki67 proliferative
index introduced in the clinical practice in 2015 by the new
World Health Organization classification for neuroendo-
crine tumors, ranging 5-20% for ACs and amounting to
< 5% for TCs. The Ki67 proliferative index in our patient’s
sample amounted to 15%, which additionally confirmed
the THA findings of AC [8].

Respiratory symptoms develop in centrally localized
tumors, while peripheral LCs are diagnosed incidentally on
the chest X-ray. Our reported patient had respiratory infec-
tion signs and dyspnea caused by centrally located tumor.
The carcinoid syndrome develops in 2-5% of LCs, usually
in the metastatic tumor type. The Cushing syndrome is
registered in 1-6% of the affected patients [9]. The patient
in our study had none of either syndrome characteristics
related to hormonal hyperreactivity.

The gold standard for radiological LC detection is the
contrast CT. Carcinoids usually appear as round or oval
lesions with unclear or lobular margins; around 10% of the
patients may develop multiple, bilobar lesions; in that case,
they are always associated with calcifications [10]. The di-
agnostic algorithm required bronchoscopy. To obtain the
mediastinal lymph node, transbronchial biopsy sample is
required, which enables a precise disease staging. Real-time
endobronchial ultrasound bronchoscopy has been recom-
mended over the last decade. The latest invasive diagnostic
methods also include fluorescent bronchoscopy, which
precisely determines the respectability border [11, 12].

PET is strongly indicated when a local or metastatic
spread of the disease, particularly AC, is suspected [13].
Our reported patient, in whom ultrasound and CT screen-
ing of the abdomen failed to establish the etiology of new

Srp Arh Celok Lek. 2019 Nov-Dec;147(11-12):769-772

liver lesions three years after the surgery, the erythrocyte
pool liver scintigraphy was performed first. The MRI find-
ing of February 2016 revealed the presence of multiple liver
deposits characterized as secondary deposits. The patient
was submitted to whole-body PET, disclosing active nodes
in the liver and an active lesion in the right lung.

About 80% of LCs express the somatostatin-type recep-
tor-2 and -5 (SSTR-2 and SSTR-5). In our patient, after
brachytherapy as an endoscopy procedure which ablat-
ed the relapsed tumor in the right main bronchus, first
line chemotherapy was applied and the patient got a few
months of disease stability. When relapse of the disease
occurred in the tracheobronchial tree and the liver lesions
also progressed in number and size, having obtained the
positive octreoscan finding, the patient was started on lan-
reotide injections.

TC has an excellent prognosis with the 10-year survival
of over 90%, while AC is more aggressive, having a higher
metastatic potential, worse prognosis, and the 10-year
survival less than 60% [14, 15]. Surgical resection is the
treatment of choice for patients with LCs. Advanced AC is
more aggressive than TC and requires a multidisciplinary
meeting review for all medical treatment decisions. The
surgical treatment is not indicated in case of advanced or
metastatic LCs.

European Society of Medical Oncology guidelines are
similar to those of the National Comprehensive Can-
cer Network and recommends systemic therapy for ad-
vanced or metastatic LCs; no preferred regimen; options
include cisplatin/etoposide, temozolomide with or without
capecitabine, sunitinib, or everolimus; consider octreotide
for symptoms of malignant carcinoid syndrome [16, 17].
The treatment with somatostatin analogues is the most
frequent second-line systemic approach for patients with
advanced or metastatic LCs.

Laser bronchoscopy and other invasive endoluminal
procedures such as cryotherapy, argon plasma cauteriza-
tion, electrocauterization, should be considered for inoper-
able patients or performed as a preoperative unclogging
procedure. Everolimus is an mTOR kinase inhibitor which
is indicated for progressive, well-differentiated, non-func-
tional neuroendocrine tumors of lung origin that are lo-
cally advanced or metastatic [18, 19].

In the long-term course of the disease, our patient has
been treated according to all the above-mentioned Europe-
an and world treatment guidelines. After the applied pallia-
tive interventional bronchoscopy procedures, the patient’s
survival was prolonged probably due to reduced recurrent
post-obstructive pneumonia. Prolonged survival was prob-
ably achieved by the use of other therapeutic modalities
such as cisplatin/etoposide chemotherapy, somatostatin
analogues, and, lastly, the use of everolimus.

Conflict of interest: None declared.
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MerTacTaTcku aTunuYHK nayhHU KapuuHong TpeTUpaH KOMBMHOBaHMM Tepanujama

HeHcw Jlanuh'?, iparana Terentuja'?, MBaH Kyxajpa'?, Carba Tomuh? ViBnua Nlanuh?

"MHcTuTyT 33 nnyhHe 6onectn BojsogunHe, Cpemcka KameHuua, Cpbuja;

2YHuBep3uTeT y HoBom Capy, MeauunHckn dakynteT, KaTefipa 3a 3gpaBcTBeHy Hery, Hosu Cag, Cp6uja;
*KnuHnukn ueHTap Bojsogute, KnuHuka 3a optoneacky xupyprujy 1 Tpaymatonorujy, Hosu Cag, Cpbuja

CAXETAK

YBop NnyhHn KapunHouawW YnHe peTky rpyny nayhHux Tymopa
ca 3actynbeHowhy oko 1% cBUX NprMapHUX nayhHUX Tymo-
pa. ATnuyHm KapurHoug nnyha je arpecrBHUjW Yy 04HOCY Ha
TUNUYHY, ca Behom moryhHowhy MeTacTasmparba 1 TOWnjom
nporHo3om, a 10-roguirbe npeXxusibaBame je mare of 60%.
Mpukas 6onecHuka fognHe 2012. kog 61-roguiukber 6onec-
HVKa ypaheHa je fecHa Aorba NobeKkTommja, a AePUHUTHBHY
NaToX1CTOJIOWKM HaJla3 je 04roBapao aTunuyHom niayhHom
KapurHowuay y noYeTHOM cTagujymy 6onectu. Mouetkom 2016.
rofVHe PagvoNoLWKM 1 BPOHXOCKONCKM je MoTBPhHEH peumans
6onectu y 6poHxy. MarHeTHa pe3oHaHLa abgomeHa notepauna
je npucycTBo HoAyNnapHUX Nie3nja Koje Cy oaroBapane jeTpe-
HVUM MeTacTa3ama. bonecHuk je Tafa npumno 6paxutepanujy
3axBaheHor gena 6poHxujanHor ctabna u xemuorepanujy no
npoToKony uucnnatuH/eronosng. Y asrycty 2016. roguHe

cuMHTUrpaduja COMaToCTaTMHCKMM peLienTopuMa je nokasana
eKkcnpecujy oBux pelientopa y nnyhuma v jetpu 1 6onecHuk je
0TnoYeo Tepanujy ca xemnoTepaneyTMkom laHpeotuge. Mocne
MeT LMKNyca oBe Tepanuje jaBuna ce Hoa nporpecuja 6onectu
y 6poHxujanHom cTabny, Te ce ypaauna enekTpokayTepusauyja
1 aproH-nnasma KayTtepusauuja Tymopa. Hoea nporpecuja 60-
necTu HacTana je y centembpy 2017. roguHe, Kaaa je 6onecHuK
3anoyeo Tepanujy ca 1eKOM eBeposIMMycC.

3aksbyyak OnTMManHy Tepanujcki BOANYY 3a neyetbe aTunmny-
Hor niyRHOr KapLumHouaa HCY yTBpHeHU, a HOBY 06jaBIbeHM
pafoBy yKasyjy Ha HEOMXOAHOCT HEeroBOr MyNTUMOLANNTET-
HOT fleyetba, Ynme ce omoryhasa Ay»e NpexuBbaBatbe OBUX
6onecHuKa.

KrbyuHe peun: niyha; aTMnuHM KapLMHOWU; COMATOCTATUHCKN
peuenTopu; 6paxuTtepaniija; eBepoNNMyC
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CASE REPORT / MPUKA3 BOJIECHUKA
An unperformed autopsy does not exclude the
possibility of proving a physician's error

Sladana Andeli¢
Municipal Institution for Emergency Medical Care, Belgrade, Serbia

SUMMARY

Introduction/Objective Clarifying cases involving suspicious natural death and all forensic problems
connected to such cases is possible only with the aid of a timely and adequately performed autopsy.
The objective of this paper, however, is to point out the fact that it is possible to prove the existence of
a physician’s error, even when an autopsy had not been performed.

Case report The Emergency Medical Service (EMS) team had been dispatched to respond to a call for
help by a 53-year-old woman, complaining of chest pain, shortness of breath, and dizziness. The pain was
located in the center of her chest and would increase in response to palpation, change of body position,
and deep breathing. The physical examination was normal. The EMS physician concluded that it was
not necessary to perform electrocardiography (ECG). Forty minutes later, the EMS team was dispatched
to see the same patient again, this time for suspected cardiac arrest. Protocol-based cardiopulmonary
resuscitation (CPR) for asystole was performed, without success. After 30 minutes, CPR was discontinued
and the patient was declared deceased. Although the patient’s relatives did not allow an autopsy to be
performed, they did send a claim to the Health Inspector at the Ministry of Health of Serbia, demanding
an internal review of the physician’s professional work. It was concluded that the physician should have
performed ECG, but that the true cause of death could only have been determined through a timely

and adequately performed autopsy.

Conclusion An unperformed autopsy does not exclude the possibility of proving a physician’s error.
Keywords: absence; evidence; autopsy; physician’s error

INTRODUCTION

A physician’s error is defined by the Law on
Health Care of the Republic of Serbia, Article
186, Paragraph 1 [1]. According to the Law, a
professional error implies unconscientious treat-
ment, neglecting of professional duties in pro-
viding healthcare, failure to comply with defined
rules and professional skills in providing health-
care which leads to injury, damage, deterioration
of health or loss of body parts in a patient. [1].
This legal norm represents the basis for assess-
ment of possible ethical and legal responsibilities
of doctors whose errors had caused a worsening
in patients’ health or lethal outcomes. In Ger-
many, the Robert Koch Institute proclaimed that
40,000 complaints on suspected physician’s er-
rors are made yearly and that of those more than
12,000 remain unconfirmed. They also conclud-
ed that more people are affected by physician’s
errors than by traffic accidents each year [2, 3].
Researchers in the USA concluded in the year
2000 that 44,000-98,000 patients die annually as
a result of physicians’ errors [4, 5].

The only way to truly discover the manner
and cause of sudden death is through autopsy
findings [6]. In cases where a person had asked
for medical help, which was then followed by
a lethal outcome, a question is sometimes put
forward whether the physician had done every-
thing, diagnostically and therapeutically, that
was within his power and in accordance with

the principles of modern medical science and
practice [7, 8]. Accordingly, it is possible to initi-
ate a criminal justice procedure for the criminal
offence of medical malpractice (Article 251 of
the Criminal Code of the Republic of Serbia).
Clarifying cases involving suspicious natural
death and solving forensic problems connected
with such cases is possible only with the aid of
a timely and adequately performed autopsy [9].
However, if an autopsy had not been performed,
that does not necessarily testify that a medical
error did not exist [10]. In such cases, the judi-
cial decision is mostly based on forensic evalu-
ation, and the duration of the judicial process
and correctness of the verdict mostly depend on
the quality of performed medical expertise [11].

The objective of the paper is to point out
that even if an autopsy had not been performed,
there are still possibilities to prove that a physi-
cian’s error did occur.

CASE REPORT

The Emergency Medical Service (EMS) team
was dispatched at 2:40 p.m. to respond to a
call for help by a 53-year-old woman, suffer-
ing from asthma, chronic gastritis, and chole-
cystitis. On team arrival, the patient was con-
scious, alert and oriented. She complained of
chest pain, shortness of breath, and dizziness.
Her pain was located in the center of her chest
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CHEST PAIN

State of consciousness (AVPU scale)
ABC approach

Patient i3 conscious, does not appear 1o
be a critical patient

Patient is conscions; has difficulty
breathing; is pale, cold and clammy

Patient without consciousness,
breathing or pulse

[ SAMPLE history |
Chest pain deseription: LIQROPPFPAA Start
CFR

Immedinte
assessment
< [0 minutes

Family history: dinbetes, stroke, hean attack,
hyperiension, angina pectoris;

Risk factors and data on lower extremities” injury
orf inlervention i the abdomen or pelvis

of the legs

Physical examination: BP, HR, RR, Sa0y, BG, T,
neck vein distention, auscultation of the heart and
lungs. chest percussion, pulsus paradoxus, veins

Nondiagnosiic ECG,

hemodynamic instability

— .

—

T

| 5T elevation | I ST depression H Nonspecific, nonmal

Furumothorax? Aortie dissection? Fulmonary embolism?
Anscultation? Significant BP difference Wells" score?
Percussion? (> 20 mmHg) between wo

Smapect ACS

arms?

Figure 1. Prehospital assessment of chest pain; AVPU (A - alert; V - verbal response; P - response to pain; U — unresponsive); ABC (A — airway,
B - breathing, C - circulation); SAMPLE [S - signs/symptoms, A - allergies, M — medications, P - past illnesses, L — last oral intake (last menstrual
cycle), E - events leading up to present illness]; LIQROPPPAA [L - location, | - intensity (on the scale 0-10), Q - quality, R - region and radiation,
O - onset, P — precipitation events, P — progression, P — previous episodes, A — alleviating factors, A — aggravating factors]; BP — blood pressure;

HR - heart rhythm; RR - respiratory rate; SaO, - oxygen saturation

and would increase in response to palpation, change of
body position and deep breathing. The patient was of un-
changed skin color, afebrile, eupneic, normofrequent (pulse
88 beats/minute) and normotensive (BP 130/80 mmHg).
On auscultation, her heart was of regular rate and rhythm,
with normal S1 and S2, without murmurs, rubs, or gal-
lops. Her breath sounds were diffusely decreased bilater-
ally with prolonged expirium, without crackles, rhonchi,
or wheezes. Her abdomen was soft, non-tender and non-
distended, with normoactive bowel sounds and without
hepatosplenomegaly. Her extremities were symmetric in
appearance with preserved motor and sensory function,
without deformities or edema. Neurological findings were
within normal limits. Based on many years of experience,
the physician evaluated that it was not necessary to per-
form an electrocardiogram (ECG). The patient was treated
with intramuscular injections of diclofenac and dexasone
and advised to call the EMS again should her condition
deteriorate. They left at 3:10 p.m. At 3:46 p.m. the EMS
team was dispatched to the same address again, this time to
deal with a suspected cardiac arrest. The patient was now
unconscious, not breathing, and had no pulse. The defibril-
lator monitor presented asystole. Cardiopulmonary resus-
citation (CPR) was performed adhering to non-shockable
rhythm protocol, but it was unsuccessful. At 4:05 pm, CPR
was discontinued and the patient was declared deceased.
At the time, the patient’s family did not allow an au-
topsy, but later they did send a claim to the Healthcare

‘ DOI: https://doi.org/10.2298/SARH190324091A

Inspector at the Ministry of Health of the Republic of Ser-
bia demanding an internal review of the physician’s pro-
fessional work. Complete documentation was analyzed:
the order for review issued by the Healthcare Inspector,
the complaint of the patient’s family, transcripts of the re-
corded conversation with the EMS 194 Dispatch Center,
the physician’s reports, the physician’s statement and the
statement given by the Head EMS Technician in charge
of equipment, who testified that the EMS team were in
possession of all the necessary equipment to perform an
ECG and that the equipment was in working order. It was
concluded that the physician should have performed an
ECG, but that the true cause of death remains unknown
since the autopsy had not been performed.

DISCUSSION

Physician’s errors are defined by the Criminal Code (CC)
of the Republic of Serbia under the heading of Medical
Malpractice (CC, Article 251) [12]. According to this
CC article, “a doctor who in providing medical services
uses an evidently inadequate means or an evidently un-
suitable treatment or fails to observe appropriate hygiene
standards or evidently proceeds unconscientiously and
thereby causes deterioration of a person’s health, shall
be punished by imprisonment of three months to three
years.” “Evidently inadequate means or evidently unsuit-
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An unperformed autopsy does not exclude the possibility of proving a physician's error

able treatment” covers anything that the physician might
have done or not done that is drastically contrary to the
generally accepted contemporary principles of medical
science and practice, in other words all that represents a
cardinal mistake which falls outside the frame of medical
tolerance [13]. As chest pain can signify an urgent medical
condition, according to the contemporary guidelines for
healthcare of patients with chest pain, a 12-channel ECG
(Figure 1) is the most significant method for reaching the
true diagnosis and applying adequate therapy [14].

The charge of medical malpractice can also be put for-
ward in cases when an undiagnosed disease results in lethal
outcome at a hospital, particularly when it is estimated
that the death could have been prevented by using timely
and adequate therapeutic measures. Inability to reach a
correct diagnosis can sometimes be the consequence of
non-specific clinical features of the disease or it can be the
result of the physician’s failure to correctly interpret the
patient’s complaints [15]. However, it is most commonly
the case of failing to apply all the necessary diagnostic
procedures available (ECG in this case) in order to make
a specific diagnosis. Pejakovi¢ [9] states that superficiality
and incompleteness are elements of medical negligence.
On the other hand, even when the physician had obviously
acted with negligence, a deterioration in the patient’s health
could occur for completely different reasons, for example
an unrelated undiagnosed disease, etc. It can also hap-
pen that the deterioration of the patient’s health occurred
only partially due to the physician’s error and partially as
a result of some other causes that were not influenced by
the physician’s incorrect diagnosis or treatment. It is very
difficult to determine to what extent the deterioration
in the patient’s health was influenced by the physician’s
error and to what extent by other factors [10]. All these
and other circumstances must undergo evaluation and if
criminal responsibility is to be sought, undeniable proof
must be found.

According to an earlier analysis of legal records, it was
discovered that out of 147 cases in which patients had died,
which underwent analysis for suspected medical malprac-
tice, autopsy was performed in only 36% [10]. Bove and
Iery [16] found that information gained as a result of an
autopsy can be helpful to either the plaintiff or the defen-
dant or can even be neutral in a given case. Especially note-
worthy is the finding that in 61% of all the cases in which
the reviewers concluded that the information provided by
the autopsy favored the plaintiff, the defendant was none
the less acquitted of the charge of medical malpractice.
Conversely, in 100% of all the cases in which reviewers
thought that the autopsy findings favored the defense, the
defendants were acquitted.

The definitive judgement on the presence or absence
of the criminal act of medical malpractice is made by the
court. Occasionally, due to insufficient evidence or being
subject to the statute of limitations, the public prosecutor
can abandon criminal pursuit of the physician [11].

In the presented case, an error was made to accept
the request of the relatives and no autopsy had been
performed. It should be emphasized that the will of the
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members of the deceased’s family has no bearing on the
decision to perform an autopsy, regardless of whether it
is a medico-legal or clinical autopsy. Unfortunately, our
current medical practice has often acted contrary to the
regulations, because doctors unjustifiably decided that, on
the basis of a personally signed request by one of the fam-
ily members, a clinical autopsy would not be performed.
Namely, there was an erroneous presumption that family
members cannot forbid a medico-legal autopsy, but do
have the right to ban a clinical autopsy, which is not at all
true. In other words, according to current legal provisions,
the family of the deceased has no legal right to suspend an
autopsy if it is indicated by medical and/or legal criteria.

According to legal regulations in Serbia, each deceased
is to be examined by a medical doctor, who is to determine
the time and cause of death (Law on Health Care of the
Republic of Serbia, Article 203, Paragraphs 1 and 2) [1].
The said medical doctor is obligated to immediately con-
tact the police should he not be able to determine the cause
of death based on available medical records, as described
by the Law on Health Care of the Republic of Serbia, Ar-
ticle 204, Paragraph 1. [1]. The police would then notify
the public prosecutor, whose obligation it is to determine
the need for an autopsy. According to the Law on Health
Care of the Republic of Serbia, Article 206, Paragraph 2,
an autopsy should be obligatorily performed at the request
of a member of the immediate family of the deceased per-
son or if a death occurs in the course of a diagnostic or
therapeutic procedure or even after the procedure if there
is reason to believe that the death occurred in connection
with the said procedure [1].

The family refused to allow an autopsy to be performed,
but later put in a request for a review of the physician’s
performance to the Health Inspector at the Ministry of
Health. Since only a timely and adequately performed
autopsy can determine the cause of death, as well as the
elements of alleged medical malpractice as described in Ar-
ticle 251 of the CC of Serbia, the fact that the autopsy had
not been performed ruled out the possibility of proving
a cause and effect relationship between the actions of the
physician and the deterioration of health of the deceased
[17]. Therefore, the physician in question could not be
charged with a crime.

However, through analysis of all available documen-
tation, it was possible to determine that the physician
had not complied with generally accepted contemporary
guidelines of medical science and practice in diagnosis
and treatment of chest pain, which state that a 12-channel
ECG (Figure 1) is the most significant method for making
the right diagnosis and applying adequate treatment when
dealing with chest pain.

Therefore, on the basis of medical records and other
collected evidence, it was possible to conclude that this was
a case of a physician’s error, even though the autopsy had
not been performed and it was not indisputably proven
that this error had anything to do with the patient’s dete-
rioration of health and ultimately death.
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HeusBpleHa 06ayKumja He UCK/bydyje moryhHOCT A0Ka3uBakba IeKapCKe rpeLuKe

Cnabhana Anhenuh
lpapckm 3aBog 3a XUTHY MeauUMHCKY nomoh, beorpag, Cpbuja

CAMETAK

YBoa/Lum Pasjalutbetrbe cilyyajeBa HejacHe NpupofHe CMpTU
U peluaBatbe CBUX CYACKOMEAULIMHCKMX Npobiema y Be3u ca
TVM CiyyajeBrMa Moryhu cy camo Ha 0CHOBY 61aroBpeMEHO 1
afleKBaTHO M3BpLUEHE 06AyKLMje.

Linsb papa je Aa yKaxe Ha YnkbeHNLY fia Hen3BpLUeHa obpyKumja
He cKIbyuyje MoryhHOCT AOoKa3nBatba fIeKapCKe rpeLUKe.
Mpuka3s 6onecHuka Exvina xutHe MeguumHcke nomohu ynyhe-
Ha je Ha MHTepBeHUWMjy Kof 6onecHuLe ctape 53 rogunHe 360r
6ona y rpyavma, oTexaHor gucara 1 Hecsectuue. bon je 6ro
NIOKaNIN30BaH y CpefeM Aeny rpyaHe KoCTu, MojayaBao ce Ha
AOAMP, NPU NPOMEHM NONOXaja TeNa 1 ca fiy6OKUM AMCarbeMm.
Dur3nKanHu Hanas no cuctemmma je 6vo ypepaaH. Jlekap xut-
He MeJMUVHCKe MoMohu je NpoLeHno fa He Tpeba ypaanuTu

EKT. Mocne 40 MuHyTa ekuna je noHoBo 6una ynyheHa Kop,
oBe 6ornecHuLe 360r cymmbe fAa je AOLWO0 [O CpUaHOr 3acToja.
KapauonynmoHanHa peaHnmMauuja cnpoBegeHa no NpoToKo-
ny 3a acuctonujy 6una je 6e3ycnetuHa, Te je nocne 30 MyHyTa
npornaiieH CMpTHU ncxof. Mlako nopoavua Huje fo3sonuna
06ayKuujy, nogHena je xanby MuHucrapctsy 3apasiba Cpbuje,
Koje je ogpeannio YHyTpallky NPOBEpY KBanuTeTa CTPYUYHOT
paja foKTopa. 3aK/byyeHo je Aa je Tpebano Aa nekap ypaau
EKT, anu pa je jeanHo o6ayKumjom morao 6uty yTBpheH npasu
Y3POK CMPTW.

3ak/byyak HeusBpLueHa ayToncuja cBakako Huje AoKa3s Hemo-
CTOjarba fleKapcKe rpeLuKe.

KrbyuHe peuut: ofcycTBO; fOKa3; 064yKLWja; TeKapcKa rpeluka

Srp Arh Celok Lek. 2019 Nov-Dec;147(11-12):773-776



DOI: https://doi.org/10.2298/SARH180509052R

UDC: 616.72-002.78-085

CURRENT TOPIC/ AKTYEJIHA TEMA

Gout — asymptomatic hyperuricemia with/without
asymptomatic monosodium urate crystal deposition:
to be treated or not?

Marija Radak-Perovi¢'2, Mirjana Zlatkovi¢-Svenda'?

'University of Belgrade, Faculty of Medicine, Belgrade, Serbia;
Znstitute of Rheumatology, Belgrade, Serbia

SUMMARY

Elevation of serum uric acid level without clinically visible arthritis (known as asymptomatic hyperurice-
mia) is not traditionally considered to be gout disease, but only a possible cause of it, even though it may
be accompanied by tissue uric acid crystal deposition. On the other hand, gout is traditionally recognized
as recurrent, overt arthritis, visible only after a long period of time due to uric acid accumulation in joints.
Advanced imaging techniques have substantially changed the perception of this problem, identifying
gout as a low-grade chronic inflammatory disease from the very beginning, visible only by phases of
acute arthritis attacks. According to ultrasonography, uric acid crystal hyperechoic aggregates (tophi) are
seen not only in the symptomatic gout disease phase, but also in the preceding - asymptomatic (latent)
- gout phase. New perception of the problem was approved by the recently described NETs (neutrophil
extracellular traps) phenomenon. Also, hyperuricemia has recently been identified as a systemic disorder,
responsible not only for the apparent gout arthritis, but also for the renal and cardiovascular disease
occurrence and progression.

Positive effect of urate-lowering therapy (xanthine oxidase inhibitors and uricosurics) on hyperten-
sion and chronic kidney disease indicates a possibility of its utility in asymptomatic hyperuricemia and
asymptomatic gout therapy, apart from the use in clinically manifested gout treatment and for certain
conditions, such as tumor lysis syndrome.

Keywords: asymptomatic hyperuricemia; monosodium urate crystal deposition; gout; advanced imaging

studies; ultrasonography; NETosis

INTRODUCTION

Gout is an inflammatory rheumatic disease,
characterized by monosodium urate (MSU)
crystal deposition in joints and connective
tissues generally, localized periarticularly or
subcutaneously. According to the current di-
agnostic algorithm (New York, Rome, and the
American College of Rheumatology criteria),
the acute gout arthritis attack is traditionally re-
quired for gout diagnosis [1]. The classical gout
disease goes through four linear but discon-
tinuous phases: 1. asymptomatic hyperuricemia
phase (AHU); 2. recurrent acute arthritis phase;
3. intercritical phase (between two episodes of
gout arthritis); and 4. chronic tophaceous gout
phase [2]. Actual therapeutic paradigm does
not treat the first phase (AHU) patients, and
therapy candidates are only those with a visible
gout arthritis attack (at least one) or patients
with chronic, visible, tophaceous gout [3-6].
Recently discovered phenomenon of NETo-
sis (NET - neutrophil extracellular traps) in
gout has enabled a closer evaluation of AHU
[7-10], together with advanced imaging tech-
niques [11-15], in vivo and in vitro laboratory
studies, retro and prospective cohort studies
and randomized interventional trials. They
have all shown that UA is not only a marker,

but also a mediator of hypertension and renal
dysfunction, thus offering arguments for the
present diagnostic and therapeutic recommen-
dations amendment proposal.

PATHOGENESIS OF GOUT NETOSIS

Hyperuricemia (HU) is the key risk factor
for gout development. However, only 22% of
people with extremely high level of serum uric
acid (SUA) (more than 535 pmol/L, i.e. 8.9 mg/
dL) will develop symptomatic gout in a period
of five-year follow-up [4]. In contrast, 5% of
gouty patients will never be presented with the
SUA elevation.

Additional risk factor for gout develop-
ment is monosodium urate crystal deposition
in tissues, followed by the local tissue reaction
presented in persons with high SUA level and
even in those with normouricaemia. Crystal
deposition depends on UA solubility, which is
variable and decreased by high serum uric acid
concentration, as well as by high acidity and
low temperature.

Initiated by UA serum supersaturation, joint
and connective tissue localized crystallization
leads to the activation of cytokines and other
inflammatory mediators. Interleukin 1 is the
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Table 1. Echosonographic evidence in asymptomatic hyperuricemia

Radak-Perovi¢ M. and Zlatkovi¢-Svenda M.

Publication mgsgl/ﬁ_i(np/:wl—glj/u US evidence Joints Frequency (%) Controls Gout
Puig etal 8.5 (505.6) Tophi Knees and TC 12/35 (34%) / /
Howard et a2 8(475.8) D°”b'ifi’;‘;‘:‘fr and/ | - Femoral cartilage 5/17 (29%) 119(5%) | 7/14(50%)
Pineda et al? 8.1(481.8) Double contour Knees and MTP1 1275//11%% ((127500//?) l;\;:.?;? 871 gi K/#ff /

De Miquel et al.* 8.5 (505.6) E;::!:&%?g;rcg Knees and feet o/11 1(:3650/?)‘2:/?;)/5 tal / /

SUA - serum uric acid; AHU - asymptomatic hyperuricemia; US - ultrasound; TC - talocrural joint; MTP1 - first metatarsophalangeal joint:

"Nucleosides Nucleotides Nucleic Acids. 2008; 27:592-5;
2Arthritis Care Res. 2011; 63:1456-62;

*Arthritis Res Ther. 2011; 13(1):R4;

4Ann Rheum Dis. 2012; 71:157-8

principal and the most important proinflammatory cy-
tokine, produced by residential cells of connective tissue,
after the NALP3 inflammasome activation. Macrophage
phagocytosis of monosodium urate crystals leads to intra-
cellular hypernatremia, hypervolemia and consequently
hypokalemia, as well as to cascade of NALP3 inflamma-
some activation and caspase-dependent activation of IL1j3
path (from proIL1p). Secretion of IL1{ attracts neutro-
phils, which support the inflammatory response by pro-
inflammatory mediators’ production and excretion [7].

As it is a well-known fact that signs and symptoms of
inflammation do not follow TOPHUS (pathognomonic
structure in gout patients) presence in patients with
chronic gout, the following question was raised: Which is
the way that leads to the resolution of the inflammatory
response and pacification of crystals in TOPHUS? This
question has been waiting for an answer for a long time.

According to recent in vivo and in vitro studies, the in-
duction and resolution of gout inflammation is orchestrat-
ed by both monocytes and granulocytes. Neutrophils act
not only through phagocytosis, intraphagosomal digestion
and secretion of inflammatory mediators, but also through
creation of the neutrophil extracellular traps (NETs), which
are defined as the active cell death, different from apopto-
sis and necrosis [7-10]. NET histochemically represents
extracellular DNA of neutrophils and proteolytic enzymes
(elastase, cathepsin G, myeloperoxidase-MPO complex).
NET structure limits the spread of the aggressive entity
(in this case, crystal) both chemically and mechanically
by inflammatory mediators’ proteolytic degradation. MSU
crystals are the most powerful drivers of NETosis under
almost all physiological conditions, including whole blood
and plasma.

Patients with acute uric arthritis resolution are present-
ed with robust NETosis (activation and release of NETS)
in the synovial fluid as well. Furthermore, TOPHUS is
traditionally associated with poorly controlled chronic
disease and can actually be found in all stages of the dis-
ease. TOPHUS is composed not only of natrium sodium
urate crystals, but also of extracellular DNA and neutrophil
proteolytic enzymes that neutralize crystals mechanically
and chemically (has, in fact, all the characteristics of the
above-mentioned NET aggregate). Adenosine triphosphate
disodium (ATP) and lactoferrin, which are released dur-
ing the NET formation process, are extremely important

for the inflammatory reaction resolution. Activation of
extracellular nucleotides from mononuclear cells initiates
the necrotic cell clearance, while lactoferrin serves as a
specific inhibitor of the polymorphonuclear migration.

ULTRASONOGRAPHY IN GOUT AND
ASYMPTOMATIC HYPERURICEMIA

Owing to advanced imaging techniques (ultrasound, mag-
netic resonance imaging, computed tomography), asymp-
tomatic synovial sheath inflammation can be seen in joints
that have never been presented with the traditional, clini-
cally visible gout arthritis [11-15]. It can also be presented
in the so-called intercritical period (between two apparent
gout arthritis attacks). Furthermore, ultrasound displays
MSU crystal deposition in tissues as a structural change
of the articular cartilage, showing either a double contour
sign or the TOPHUS formation, and can be found not only
in the inflamed joints, but also in joints that have never
been affected by overt arthritis [13] (Table 1). Sensitivity
of the ultrasound urate tissue deposition finding (double
contour sign or TOPHUY) is variable and ranges 20-90%,
which depends on previous therapy (treated or not), data
availability (blinded or unblinded research), study type
(prospective or retrospective), type of observed joints, etc.
The specificity is 98-100%.

The most acceptable balance of sensitivity and specific-
ity was reached by Naredo et al. [11] ultrasound examina-
tion standard recommendation, which demands evaluation
of six anatomic structures bilaterally and simultaneously
(12 regions): three structures for TOPHUS hyperechoic ag-
gregates — one joint (radiocarpal) and two tendons (patellar
ligament and the triceps muscle tendon) - and three carti-
lages for the double contour sign - first metatarsophalan-
geal joint, second metacarpophalangeal joint and calcaneal
or femoral condylus cartilage. The sensitivity of Naredo
et al. [11] examination was 85%, specificity 83%, positive
predictive value 92%, and negative predictive value 71%.

The new possibilities of ultrasound examination have
substantially changed the perception of gout, which seems
to be a chronic inflammatory disease from the very begin-
ning, only expressed by different levels of activity (visible
or not). Acute, vigorous gout arthritis is just a tip of the
iceberg which enables us to see gout (Figure 1), just like an
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Gout - asymptomatic hyperuricemia with/without asymptomatic monosodium urate crystal deposition: to be treated or not?

osteoporotic fracture makes the osteoporosis visible. Since
the advanced imaging techniques have enabled diagnosis
of gout in its subclinical, latent, inapparent form, the ques-
tion of the asymptomatic disease therapy was raised. Here,
we have offered some arguments that asymptomatic hyper-
uricemia with MSU crystal deposition could be regarded
and treated as the gout disease.

HYPERURICAEMIA: THE PRINCIPAL RISK FACTOR
FOR METABOLIC SYNDROME, HYPERTENSION, AND
RENAL FAILURE OCCURENCE

UA has been identified as not only the marker, but also a
mediator of hypertension, cardiovascular morbidity and
progressive decline in renal function by a number of re-
cently reported studies from animal models, clinical retro
and prospective observational studies, and randomized
intervention trials [16-27]. According to the latest data,
the paradigm of the causative association between hyper-
uricemia and cardiovascular and chronic kidney disease
seems to have progressed from skepticism to true evidence
of relationship [17, 18]. However, therapy remains con-
troversial [19].

UA is known as the major antioxidant agent in human
plasma. However, its antioxidant nature comes to its own
opposite within the cell, where it paradoxally converts to
pro-oxidant agent, which mostly targets lipids [low-density
lipoproteins (LDL) and membranes] [16]. Cirillo et al. [20]
have noticed elevated SUA level in patients with meta-
bolic syndrome and have concluded that uric acid is not
just a link in the metabolic syndrome chain, but plays a
crucial role in its development. UA-caused adipose tissue
fat cell oxidation promotes insulin resistance that leads
to hypertension, visceral obesity, hypertriglyceridemia,
dyslipidemia and hyperglycemia.

In addition to LDL oxidation caused by the prooxidant
SUA effect, the atherosclerotic process is started by the
nitric oxide production (also known as the endothelium-
derived relaxing factor - EDRF), which leads to endovas-
cular inflammation and inflammatory mediators cascade
reaction primarily. LDL oxidation and vasoconstriction
lead to stable atherosclerotic plaque formation, which be-
comes unstable in time, resulting in a well-known diversity
of cardiovascular events.

Furthermore, hyperuricemia-activated renin-angioten-
sin-aldosterone system adds to hypertension development.
Kidney UA crystal deposition promotes stone occurrence,
tubulointerstitial nephritis and fibrosis which addition-
ally leads to hypertension, renal function decline and UA
serum level increase. It is not exactly known which pro-
cess serves as a trigger factor in the newly created circulus
vitiosus, but certainly there is a chain that should be inter-
rupted (Figure 2).

The impact of hypo-uricaemic therapy on the cardio-
vascular events’ occurrence risk is not fully understood yet.
An improvement of endothelial function has been shown
by a small number of interventional trials using XO inhibi-
tors. In patients with chronic heart failure and HU, vasodi-
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Figure 1. The course of the gout disease (iceberg);

Tip: symptomatic disease, traditionally presented with clinically visible
arthritis with/without monosodium urate crystal deposition;
Middle: latent gout, presented as asymptomatic hyperuricemia and
monosodium urate crystal deposition (as seen by advanced imaging
techniques) that could be considered as gout as well, thus raising the
question of therapy (further described in the text);

Basis: asymptomatic hyperuricemia without urate tissue depositions
leads to controversies in terms of therapy, due to promotive effect
of this state on cardiovascular events and decline in renal function
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Figure 2. Circulus vitiosus made of high serum uric acid level, athero-
sclerosis, and renal function decline;

GFR - glomerular filtration rate; NO - nitric oxide; NF-KB - nuclear fac-
tor kappa-light-chain-enhancer of activated B cells; CRP — C-reactive
protein; MCP-1 - monocyte chemotactic protein-1; NAD(P)H - nicotin-
amide adenine dinucleotide phosphate-oxidase; source: Am J Kidney
Dis. 2012, The National Kidney Foundation

latation enabled by XO inhibitors improves the blood flow.
Indeed, significant blood pressure decline was observed in
patients who received antihypertensive therapy combined
with allopurinol, as compared to antihypertensives alone
[25]. Finally, a significant reduction in cardiovascular mor-
bidity and mortality was shown in gout patients on higher
allopurinol dosage and with lower SUA level, according to
a large retrospective cohort study [26].

Allopurinol-achieved low SUA level is not always cor-
related with an improvement of the endothelial function.
Also, recent investigations advised caution when using al-
lopurinol, since it can have side effects, such as induced
gout attacks, elevated aminotransferases, and cytopenia)
[19]. On the other hand, uricosuric agents such as proben-
ecid and benzbromarone did not show similar benefit on
endothelial function [28].

Management of asymptomatic hyperuricemia has been
approved in Japan only, for people with SUA level more
than 9 mg/dL [29]. This subject is very complex, since
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there is no reliable data to make strong international rec-
ommendations yet. The most recent European League
Against Rheumatism evidence-based recommendations
for the management of the gout state that recent studies
have yielded conflict the results regarding asymptomatic
hyperuricemia treatment [3].

Indeed, genetic evidence based on conventional and
novel Mendelian randomization approaches suggest a
modest, if any, causal effect of SUA concentration on the
development of cardiovascular disease [30]. A collabora-
tive group from Europe, New Zealand, United States, etc.
has collected more than 400,000 samples from gout pa-
tients to perform the largest genome-wide associated study
ever conducted in people with gout and the data should
be available by the end of 2019 (thanks to prof Richette
Pascal).
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CONCLUSION

Here we have offered arguments that asymptomatic hyper-
uricemia with tissue urate crystal deposition (latent gout)
could be regarded as gout and treated accordingly, bearing
in mind the promotive effects of hyperuricemia on hyper-
tension, cardiovascular disease, and renal disease. Further
studies identifying the guidelines for the therapy regime for
asymptomatic hyperuricemia would be beneficial.
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Gout - asymptomatic hyperuricemia with/without asymptomatic monosodium urate crystal deposition: to be treated or not?

MMXT — aCUMNTOMATCKa XUnepypuKemmja ca aCUMNTOMATCKUM Ta/loXKeHeM
KPUCTaNa MOHOHATPUjym-ypaTa 1 6e3 tera: Aa m 1e4ntu?

Mapwja Pagak-Teposuh'? MupjaHa 3natkosuh-LUseHga'?

'YHuBep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;
2 HcTuTyT 3a peymatonorujy, beorpag, Cpbuja

CAMETAK

MoBuLLeH HUBO MOKpahHe KincenuHe y cepymy 6e3 KNMHUYKNX
3HaKOBa apTpUTKCa (MO3HAT Kao acMMNTOMaTCKa Xunepypu-
KeMuja) TpaAnLMOHaNHO Ce He cxBaTa Kao ruxT, Beh camo Kao
moryha (npetxofHa) ¢a3a oBe 601eCT, Maaa Moxe 6UTK Nno-
BE3aH Ca [eno3numjom KpucTana MoKpahHe KNCenvHe y TKu-
Buma. C gpyre cTpaHe, rmxT ce TpaguLMOHaNHO Npeno3Haje
Kao peuuansmnpajyhiv, BUAsbYBM apTpPUTUC KOju Ce jaBiba Camo
nocne Aayxer Tpajarba bonectr 36or akymynaumje MokpahHe
KucenvHe y 3rnobosuma.

HanpepgHe TeXHMKe CHMMakba CYLUTUHCKM CY MPOMEHWIE nep-
Lienumjy oBor npo6nema, NOKa3aBLUY Aa je FMXT 0f CaMOr Mo-
yeTKa XPOHNYHO NHPIaMaTOPHO 060/betbe HUCKOT CTENEHA
aKTMBHOCTMW, a [ia ra eNn130/a akyTHOT apTPUTICa CamMo YMHU
BUA/bMBUM. Kao LITO je foKa3aHO yNTPa3ByKOM, UHTPAaPTUKY-
NapHMN XMNepexonyHn arperatii Kpuctana MokpahHe KucenuHe
(Todycu) Hanase ce He caMo y CUMNTOMATCKOj dpa3m ruxTa Beh un

Srp Arh Celok Lek. 2019 Nov-Dec;147(11-12):777-781

y NPeTX0fHOj — aCMMMNTOMATCKOj (naTeHTHOj) dpasun. Hoy nep-
Lenuujy npobnema NoTBPAMO je HeflaBHO onmcaH peHoMeH
NET-o03e (HeyTpodunHux ekctpahenujckmx 3amku). Takohe,
Xunepyprikemuja ce y nocneftbe Bpeme cMaTpa CMCTEMCKOM
6oneLhy, o4roBOPHOM He CamMo 3a BUA/bUB Hanaj apTpuTuca
Beh 1 3a HacTaHaK ¥ NPorpecujy PeHanHux 1 KapamoBacKy-
napHux bonectu.

Mo3uTnBaH yTrLaj NEKOBa KOju CMakbyjy HUBO MOKpahHe Kuce-
JINHe y cepymy (MHXMOMTOPA KCAHTUH-OKCMAR3E 1 YPUKO3ypriKa)
Ha XunepTeH3ujy 1 XPOHUYHY By6pexxHy 6onecT NHAKKYje Mo-
ryRHOCT tb1XOBe MpYIMEHE Y Jieyetby acMNToMaTCKe Xunepy-
prIKeMuje 1 aCUMMNTOMATCKOT MXTa, MOPeA pefoBHe ynotpebe
KOA KNVHWYKM MaHUbeCTHOT rvxTa 1 y ofpeheHnm cTarbrma
(Kao LWTO je CHAPOM NK3e TyMopa).

KrbyuHe peun: acimnTomaTtcka Xvnepypukemmja; Tanoxere
KpucTana MoKpahHe KNCenHe; MUXT; UMULIVHE CTYAKje; ynTpa-
3BYK; HeyTpodunHe ekcTpahenmjcke 3amke
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Historical aspects of left-handedness
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SUMMARY

Lateralization is one of the central questions in neurology, neuropsychology, and other related scientific
disciplines. There has been very little change in the proportion of left-handers since the Upper Paleolithic
Age about 10,000 years ago and it is estimated to be around 10%. As the history of human thinking has
developed from superstition to science, the explanation of left-handedness transformed from “devil’s
work”to neurological specificity. This paper presents this very interesting historical change by analyzing
the data on left-handedness and the attitudes towards it in human societies from prehistory to today.
Even in a relatively open-minded society, parents and teachers may encourage a left-handed child to
switch to right-handedness to make their lives easier in a largely right-handed world. On the other hand,
left-handedness is increasingly seen as a special gift, and left-handed people have started to favor them-
selves as more competent in relation to the right-handed people.

Keywords: laterality; handedness; history

INTRODUCTION

Hand dominance is a tendency to use one
hand rather than the other for certain fine mo-
tor activities that require the use of only one
hand [1]. Human hands are architecturally
symmetrical, but they markedly differ in the
tendency to perform various manual activities
more frequently with one hand rather than the
other. In the majority of people, the right hand
is dominant [2].

Large intra-individual variation in hand
preference makes a well-known dichotomous
distinction on left and right-handed people
insufficient for a clearer understanding of this
phenomenon. Some people are inconsistent in
hand preference, using a preferred hand for one
and non-preferred hand for another manual
activity. Such an inconsistency in hand prefer-
ences is usually described as “mixed-handed-
ness.” In contrast to this, “ambiguous handed-
ness” represents inconsistency in the use of the
dominant hand of the same manual activity.
Another relevant distinction is related to the
degree of hand preferences. Two right-handed
people may differ in the degree of preference;
one always uses the preferred hand for most
activities, whereas the other sometimes uses the
non-preferred hand for certain activities [3].

To date, many aspects of hand dominance
such as evolution, etiology, geographic varia-
tions, presence in different social communities
and in time, remain unclear. Many scientists
think that lateralization is one of the central
questions in neurology, neuropsychology, and
other related scientific disciplines [1].

As the history of human thinking has devel-
oped from superstition to science, the expla-
nation of left-handedness transformed from

“devil’s work” to neurological specificity. The
objective of this paper is to present this inter-
esting historical change by analyzing the data
on the presence of left-handedness and the
attitudes towards it in human societies from
prehistory to today.

PREHISTORY

Numerous studies have been carried out to
answer the question when, where, and how
man became right-handed [4]. According to
archaeologist Nicholas Toth, as long as 1.5
million years ago, more than half of the early
stone tools were chiseled with the right hand
[5]. Another proof of prehistoric handedness
is a 1.6-million-year-old Homo ergaster skel-
eton found in Kenya by Richard Leakey and his
team; it shows some evidence of right-hand-
edness in the length of the ulna bones and the
depth with which the deltoid muscles attach to
the clavicle [6].

Furthermore, Australopithecus africanus
from 2-3 million years ago used to smash the
skulls of baboons the way the right-handed
people do [7]. An analysis of the shapes of
varjous hominid tools about 500,000 years old
found that most of them were made and used
by right-handers. The remains of an old Nean-
derthal, 35,000 years old, show a 93% preva-
lence of right-handedness [8].

Interestingly, there has been very little
change in the proportion of left-handers, which
continues at around 10%, since the Upper Pa-
leolithic Age, around 10,000 years ago [9]. An
analysis of handedness in some skilled actions,
from throwing a spear to needlework, by Stan-
ley Core and Clare Porac, shows a remarkably
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consistent record of around 10% left-handedness going
back over 5,000 years. This is amazingly similar to the pro-
portion of left-handed people in the human population
today [10, 11].

ANCIENT HISTORY

Right-handedness was also dominant in ancient civiliza-
tions, from Greece and Rome to China, Egypt, and Meso-
potamia. It was a privilege to be on someone’s right-hand
side. In almost all of these cultures, the right hand was
used for ceremonies and for eating. The inhabitants of
Mesopotamia considered left-handedness a punishment
from the gods. Strongly anti-left ancient Egyptians often
depicted their enemies as left-handed, while they were the
righteous dextral [9].

Each of the 10 first principles of the early Greek math-
ematician and philosopher Pythagoras comprised pairs of
opposites, and it comes as no surprise that right is listed
on the same side as light, good, male, straight, etc., while
left is listed alongside darkness, evil, female, crooked, etc.
[12]. Similarly, the early Greek philosopher Anaxagoras
thought that only the sperm from the right testicle pro-
duced boys [13].

The reason for ancient Greeks’ consideration of left-
handedness as evil work and a bad sign may be found in
the myth of the castration of Uranus. Cyclops and Titans
were the sons of Gaia (Mother Earth) and Uranus. Af-
ter their birth, Uranus closed Cyclops to the underworld
(Tartar). Eager for revenge, Gaia invited Titans to punish
their father. While Uranus was making love with Gaia, the
youngest Titan, named Cronus, grabbed Uranus’s genitals
with the left hand and cut them off by a stone sickle [14].

One interesting investigation examines the data on
scrotal asymmetry in some detail, and puts them in the
context of Greek theories of functional differences between
the right side and the left side [15]. Famous is the ancient
debate between Plato and his student Aristotle about left-
handedness. Plato, a right-hander, said that the dominance
of hand skills was learned, while left-handed Aristotle in
his book Metaphysics claimed that people were naturally
right-handed or left-handed [16].

Ancient Romans were also very pro-right-handedness.
For example, they claimed that wearing a wedding ring on
the third finger of the left hand would fend off evil that
is in the left-hand. Shaking right hands in greeting dates
back to ancient Rome as a proof of the absence of hidden
weapons. It seems that Julius Caesar encouraged this ritual
being permanently afraid of assassination [17].

Surprisingly, Yin in ancient China is associated with
female sex, darkness, and right-handedness, while Yang
is related to masculinity and light, but also to left side. In
spite of that, modern China advocates the domination of
right-handedness [12].

Ancient Incas believed that left-handed individuals had
a magic power of healing people. Eskimos also believed
left-handed individuals to be wizards [13].
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RECENT HISTORY

During the Middle Ages, left-handedness was considered
“sinful” Under the strong influence of the Catholic Church,
left-handedness was connected with the “devil,” “weak-
ness,” “feminine;” “unhealthy;” “filthy;” with something that
had to be forced to turn to the “good-right” side [18].

Left-handed people were accused of friendship with
the devil. During the Inquisition, left-handedness was suf-
ficient to sentence a woman to death as a witch. Many in-
nocent left-handed people were executed in this way [17].
The right arm was blessed, while the left-handed served
the devil. Making a sign of the cross with left hand was a
heresy that caused hell. An analysis concerning handedness
in the Bible found about 100 positive references to right
and the right arm and about 25 negative references to left
and the left hand. A similar point of view can be found in
the Quran. In both Islam and Hinduism, the right hand is
used exclusively during solemn ceremonies [10].

In contrast, there are some minor religions, like Tantric
Buddhism for example, in which left-handedness was con-
sidered positive, and a symbol of wisdom [12, 17].

In addition to religion, occult sciences, such as Tarot
cards, engage in prejudices on left-handedness. Two of
the most famous tarot cards, Lady Justice and the Devil,
symbolically depict such prejudices. Lady Justice is hold-
ing a sword in her right hand, while the devil uses his left
hand [12, 18].

During the Renaissance, the interest for nature and hu-
man beings flourished. It is reported that Michelangelo
and Leonardo da Vinci used both hands in their works
[19]. One study suggests that the handedness of Leonardo
da Vinci is controversial. There is no doubt that many of
his well-known drawings were drawn with the left hand,
and there are some indications that he may have become
left-handed as the result of an injury to his right hand in
early adulthood [20]. The handedness of Michelangelo Bu-
onarroti, is also controversial. Although there is no doubt
that almost all of his drawings were drawn with the right
hand, an unfairly unknown autobiography of Raffaello da
Montelupo stated that Michelangelo, a natural lefty, trained
himself from a young age to become right-handed. This
biography also underlined that Michelangelo restricted the
use of his left hand only to actions requiring force, such as
hammering, carving, and chiseling marble [21].

Unfortunately, in the 18th and 19th centuries, the dis-
crimination against left-handed people was strong and
institutionalized. It included such practices as tying a
child’s left hand behind his chair or corporal punishment
for anyone caught writing with the left hand. During the
industrial revolution, left-handedness was particularly
unfavorable, as machines and tools were designed for the
right-handed people [17].

In the 19th century, Cesare Lombroso, an Italian crimi-
nologist and physician, connected left-handedness with
savagery and crime. Fortunately, his ideas on left-hand-
edness and human behaviour were later discarded [22].

Very important for understanding handedness was a
famous discovery of French scientist Broca (Pierre Paul
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Broca) about the asymmetry of brain hemispheres, in
1860. After Broca’s investigations, the interest in studying
laterality declined for a while, and was renewed exactly
one century later, in 1960. By studying the patients who
underwent an operation of severing a commissure that
connects the left and the right hemisphere of the brain
in order to control intractable epilepsy, it was concluded
that the left hemisphere is specialized for language, and
the right one for emotional and nonverbal functions. This
research brought Roger W. Sperry a Nobel Prize in Physiol-
ogy or Medicine in 1981 [16].

Despite these epochal discoveries, the practice of discrim-
ination against left-handed people continued in the 20th
century. Even in scientific circles, there were opinions that
handedness was a result of a certain pathology. For example,
in the research by Gordon [23], an increased number of
left-handed people was found among the mentally retarded.

In the mid-20th century, Abram Blau, an American psy-
choanalyst and child psychiatrist, was still suggesting that
left-handedness was merely due to perversity and the result
of emotional negativism in childhood. Blau claimed that
left-handed people became stubborn, rebellious, rigid, and
for some reason obsessed with cleanliness in adulthood. An
influential British educational psychologist Cyril Burt sup-
ported Blau’s ideas, describing left-handed people as “stub-
born and willful,” as well as “awkward” and “clumsy” [9].

It is interesting to mention an article in the daily newspaper
Pravda (Kingdom of Serbs, Croats, and Slovenes) of April 6,
1937 about a “Left-handed Club” in New York founded by
a Methodist priest. He was also left-handed and he shared
blessings using his left hand. In this club, he gave lectures
where he claimed that left-handedness was a great gift of na-
ture and that left-handed people were more able and talented
than right-handed people. He supported this attitude by the
fact that many great people were left-handed. The number of
members of this club was unusually large [24].

North America is liberal towards left-handedness, as
evidenced by a higher percentage of left-handed people
compared to the rest of the world, because socio-cultural
pressure was less frequent. Even in 1933, in the daily news-
paper Pravda in the “Small Medical Curiosities,” there was
a short article titled “A Disappearing Left-handedness” It
stated that there was a large number of children who were
left-handed in childhood, but later became “normal” and
regularly used the right hand. “According to the latest sta-
tistics,” the paper stated, “in Europe there are about 10% of
left-handed children, and only 2% of left-handed adults”
[25]. This difference could be explained by a socio-cul-
tural pressure against left-handed people of this age. Such
a drastic reduction in the presence of left-handed people
some researchers today explain by socio-cultural pressure
against left-handed people, while others advocate the hy-
pothesis of a shortened lifespan of left-handed people in a
right-handed-designed world [26]. In the Conway’s hand-
book published in 1935, The Prevention and Correction of
Left-Handedness in Children, he recommended training
children from infancy to overcome left-handedness, which
came as a result of parental “indifference to the serious-
ness of the handicap,” which was a “sinisitral condition,”
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a “disease” that needed to be recognized along the same
lines as “rickets, pneumonia and colic” [27].

In the 1960s and 1970s, Catholic schools continued with
psychological pressures against left-handed children, and
sometimes also retained corporal punishment. Until the end
of the 1970s in the countries of the Soviet Bloc as well as in
former Yugoslavia, there were similar practices against left-
handed people. In Albania, left-handedness was declared
illegal and was punishable as a crime, while in Japan left-
handedness of a woman was grounds for divorce [28].

LEFT-HANDEDNESS TODAY

Social tolerance was officially accepted for left-handed
people in the 21st century, but it is not uniform worldwide.
Even in a relatively open-minded and informed society of
today, parents and teachers may encourage a left-handed
child to switch to right-handedness to make their lives
easier in a largely right-handed world. A good percentage
of natural left-handed people tell of their own self-inflicted
attempts to switch hands during childhood [29].

This pressure to change the dominant hand may cause
huge stress during childhood and education. A vulner-
able group that should be put in focus for the prevention
during the school period are left-handed students in all
fields, particularly those of longer and demanding study
programs. Studies show that examination process and pro-
longed studies present an additional risk factor for stressful
experiences in students, such as students of medicine [30].

At the level of social cognition in Serbia, subtle preju-
dice against this minority group is still present and visible.
This is demonstrated by the fact that the prevalence of
left-handedness is lower in Serbia than in Western Eu-
rope (5-10% vs. 11-14%) [29]. In a study conducted in
Belgrade on a sample of 1,189 children aged 15-19 years,
the percentage of left-handed children was 6.8%, with a
significantly higher number of male left-handed people
compared to female population (8.9% vs. 4.8%) [26].

Nowadays, left-handedness is considered to be a spe-
cial gift, and left-handed people have started to evaluate
themselves differently, even favouring themselves as more
competent in relation to the right-handed people. “The
last neglected minority” has begun to organize themselves
on websites such as www.anythinglefthanded.co.uk. The
August 13th has been declared the International Day of
Left-handed People. Left-handed people are slowly be-
coming proud of their former “handicap.” A list of left-
handed individuals who have marked the human history
has become very long and includes writers (Honoré de
Balzac, Mark Twain, Charles Dickens, Lois Carroll, Franz
Kafka, Gabriel Garcia Marquez), musicians (Ludwig Van
Beethoven, Wolfgang Amadeus Mozart, Sergei Prokofiev,
Sergei Rachmaninoff, Maurice Ravel, Robert Schumann,
Niccolo Paganini, Ringo Starr, George Michael, Sir Paul
McCartney, Jimi Hendrix, Bob Dylan, Phil Collins), artists
(Michelangelo Buonaroti, Leonardo da Vinci, Lautrec de
Toulouse, Peter Paul Rubens), actors (Greta Garbo, Judy
Garland, Fred Astaire, Charlie Chaplin, Marilyn Monroe,
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Rock Hudson, Anthony Perkins, Pierce Brosnan, Oprah
Winfrey, Julia Roberts, Sarah Jessica Parker, Demi Moore,
Nicole Kidman, Kim Basinger, Sylvester Stallone), philos-
ophers-scientists (Aristotle, Friedrich Nietzsche, Albert
Einstein, Ivan Pavlov, Marie Curie, Nikola Tesla), athletes
(Valentino Rossi, Diego Maradona, Goran Ivanisevi¢, John
McEnroe, Martina Navratilova, Monica Seles, Rafael Nad-
al), leaders (Ramses II, Tiberius, Julius Caesar, Alexander

the Great, Napoleon Bonaparte) [31].
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Catba MuneHkosuh, lopaH benojesuh, KatapuHa MayHosuh, paraHa asugosuh
YHuBep3uteT y beorpagy, MeanumnHckn dakynTeT, VIHCTUTYT 3a XurujeHy ca MeauLMHCKoM ekonorujom, beorpag, Cpbuja

CAXETAK

JlaTepanu3auuja je jeaHo of LeHTPanHyX N1Tama y Heypono-
rjy, HeYPONCUXONOT WU 1 APYTUM CPOAHMM HayYHUM ANCLIN-
nnmHama. ocToje He3HaTHe NPoMeHe Yy MPOMNOPLj1 NEBOPYKIMX
og mnaher naneonuTtHor fgo6a npe 10.000 rognHa U NpoLee-
Ha je Ha oko 10%. Kako ce ncropuja JbyaCkor pa3muLbakba
pa3Bujana of cyjeBepja Npema Hayum, objalurbere 3a neBo-
PYKOCT NpomeHuso ce of ,haBosber nocna” Ao HeyponoLlKe
cneunduyHocTy. OBaj pag NpuKasyje OBy BEOMa MHTEPECAHTHY
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UCTOPWjCKY MPOMeHY aHanu3npajyhn nogaTtke o IeBOPYKOCTU 1
CTaBOBVIMa MPemMa H0j y JbyICKOM APYLUTBY Of MpanucTopuje Ao
AaHac. Yak vy penatmBHO OTBOPEHUM APYLUTBMA POAUTESbY U
HacTaBHULM MOTY OXpabpuBaTy 1IeBOPYKO fieTe Aa ce npeBexkba
Ha ieCHOPYKOCT, f1a 61 MM XKUBOT YUNHWAN NaKWKM Y BeEAMHCKN
AecHopykom cBeTy. C apyre cTpaHe, Ha N1eBOPYKOCT Ce CBe BULLe
rnefa Kao Ha nocebaH Aap, a NeBOPYKM cy noyenu cebu aa gajy
npeAHocT 1 Behly KOMNETEHTHOCT y OHOCY Ha AeCHOPYKE Jbyae.
KmbyuHe peun: natepanusauyja; BOMUHAHTHOCT pyKe; nctopuja



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

IIpe mogHOmeEema pyKkonuca YpeSHUIITBY YaCOMM-
ca ,CpIicKu apxuB 3a IeTOKYITHO NeKapcTBo“ (CA)
CBU ayTOpM Tpeba Ja mpounTajy YIyTCTBO 3a ayTope
(Instructions for Authors), rae he nponahu cBe norpe6ne
uHdopMalyje 0 MUCaby Y NPUNPEMU paja y CKIagy
ca cTaHfapauMa 9aconuca. Beoma je BaskHo fa ayTo-
pu npunpeMe paj npemMa JaTUM IPONO3NLjaMa, jep
YKO/IMKO PYKOIIUC He Oynie ycKmal)eH ¢ oBUM 3aXxTeBUMa,
Ypenuumrso he omIoKuTy WM OxOMTH HeroBo My6Iu-
KoBame. PaoBu o6jaBbenn y CA ce He XOHOpapuury.
3a ynaHke koju he ce o6jaButu y CA, caMmoM NOHyAOM
paga CprckoM apXmBy CBU ayTOpH paja peHoce CBoja
ayTopcKa IpaBa Ha u3fgaBaya yacomnmuca — Cprcko me-
KapcKo PyHITBO.

OIIIITA YIIVTCTBA. CA 06jaB/pyje pasoBe Koju 10
cajia HUCY HUTTie 00jaB/beHN, Y LIeMOCTY VN JeIOM, HUTH
npuxBaheny 3a o6jaBpuBame. CA o6jaBbyje pagoBe Ha
€HITIECKOM ¥ CPIICKOM je3UKy. 360r 607be JOCTYITHOCTH
u Behe IMTHPaHOCTY TIpenopydyje ce ayTopuMa Ja pa-
IloBe CBUX OO/MMKa Ipefiajy Ha eHrmeckoM jesnky. Y CA
ce 06jaBpyjy cnepehe kaTeropuje pajoBa: yBOGHUIY,
OPUTVHATHY PafIOBY, IIPETXONHA U KpaTKa CaolIITema,
IpuKasy 60NeCHUKa U CTy4ajeBa, BU/e0-YIaHIM, CTIMKe
U3 KIMHIYKe MeIUINHE, TIPeTIeTHN PajloBH, aKTyelnHe
TeMe, PafioBY 3a IIPaKCY, pafioB) M3 MICTOpHje MeAVIIHE
U je3snKa MefUIVHe, MeINIIMHCKe eTUKe, PeryTaTOPHIX
CTaHfAapfa y MeIMIMHY, M3BEIITaji ca KOHIpeca U Ha-
YYHUX CKYIIOBa, TUYHY CTaBOBY, HAPYYEHU KOMEHTa-
PY, IMCMa YPENHNUKY, IPUKa3y KIbUTa, CTPYIHE BECTH,
In memoriam v gpyru npunosu. OpUrnHaIHA PafoOBMU,
IpeTXOfIHA 1 KPaTKa CaoMIITeha, IpyUKa3y 60/IecHIKa I
CITydajeBa, BIUIeO-WIAHIIN, CTIMKe U3 KIMHIYKe MeUIHE,
IperefHN PaloBM M aKTyeTHe TeMe, TyOnmKyjy ce mc-
K/bY4MBO Ha €HITIECKOM je3UKY, a OCTase BPCTe pajioBa ce
MOTY IyOIMKOBATY M Ha CPIICKOM je3VKY CaMo 110 OfTyIH
Ypepuniursa. PamoBu ce yBek 0CcTaB/bajy ca caKeTKOM
Ha eHIJIECKOM ¥ CPIICKOM je3UKy (Y CKJIOIY CaMoT PyKo-
mica). TekcT pafia KynaTu y mporpamy 3a o6pajry TeKcTa
Word, doutom Times New Roman vi BeIUIMHOM C/I0Ba
12 Tavaka (12 pt). CBe yeTupu MapruHe IOfeCUTH Ha 25
mm, BeMIYMHY CTpaHNIe Ha GopMaT A4, a TEKCT KYL[aTH C
TBOCTPYKMM IIPOPEIOM, JIEBUM IIOPaBHAEM U YB/IaYeHheM
CBaKor Imacyca 3a 10 mm, 6e3 ferpera peun (xudeHaryje).
He xopuctutu Tabynatope u y3acToIlHe IIpasHe Kapak-
Tepe (cIejcoBe) paay MOopaBHamba TeKCTa, Beh anaTke 3a
KOHTpOJTy HOpaBHama Ha nemupy u Toolbars. 3a mpemasax
Ha HOBY CTpaHY JOKyMeHTa He KOPYCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuyjy Page Break. Ilocne cBakor 3Haka
MHTEPIYHKIIMje CTABUTY CaMo jeflaH IpasaH KapaKTep.
AKO ce y TEeKCTY KOPUCTe CIelMjanHy 3Hauu (CuMO0mn),
kopuctuty poHT Symbol. I[Tlogany o xopuurheHoj mure-
paTypy y TeKCTy O3Ha4yaBajy ce aparckuM OpojeBrma y
yIJIacTMM 3arpafiama — Hiip. [1, 2], 1 To pegociefoM Kojum
ce 1ojaBIbyjy y TekcTy. CTpaHMIle HyMepyCaTu pefioM Y
TOMEM JIECHOM YTIIY, TI04YeB Off HaCIOBHE CTPaHe.

I1py mmcamy TeKCTa Ha eHITIECKOM je3VKy Tpeba ce mpupp-
>KaBaTy je3NdKor cTaHgapna American English u xopucty-

TV KpaTKe I jacHe pedeHnIle. 3a HasyBe 1eKoBa KOPUCTUTU
MCK/bYYMBO IreHepryKa MeHa. Ypebaju (amaparu) ce 03-
HavaBajy GpabpuyKyM HasMBMMa, a UME U MECTO IIPON3-
Bobhaua Tpeba HaBecTN y 061MM 3arpagama. YKOIMKO ce
Y TEKCTY KOPMCTe 03HaKe Koje CY CIIOj coBa u 6pojesa,
IIpeLM3HO HamucaTu 6poj KOji ce jaB/ba Y CYNepCKPUIITY
wm cynckpunry (amp. *Tc, IL-6, O,, b, CD8). Ykomuko
ce HellITO yoOuyajeHo muie KypsusoM (italic), Tako ce u
HaBopy, HIIp. ren (BRCAI).

YKonMKO je paj Ieo MarucTapcke Tese, OFHOCHO JOKTOPC-
Ke jucepTanuje, Win je ypaheH y OKBUpy HayuHOT Ipoje-
KTa, To Tpeba moce6Ho HasHaunTy y HamoMenu Ha kpajy
TekcTa. Takobe, yKOMMKoO je paj IpeTXOAHO CAOMIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABECTY 3BaHI9aH Ha3UB CKY-
Ia, MeCTO U BpeMe Ofip>KaBarba, [ja 1M je paj; 1 KaKko my6-
JIMKOBaH (HIP. MICTY VU APYTadMjy HACTIOB U/IM CaXKeTaK).

KIMHNYKA NCTPAKMBAIbA. Knuanyka uctpa-
KUBama ce JeUHNITY Kao UCTpaXk1MBama YTHUIaja jef-
HOT MJIM BUILE CPefICTaBa MM Mepa Ha UCXOJ, 37paBba.
Perncrapcku 6poj McTpaxxuBarma ce HaBOAM Y TIOCTIeHEEM
peny caxkeTka.

ETNYKA CATTTACHOCT. Pyxonucy o MCTpaXUBamu-
Ma Ha JbyiuMa Tpeba fla cafipske U3jaBy y BUAY IMICAHOT
HPUCTaHKa UCTIUTUBAHUX 0c06a Y CKMafy ¢ XelCHHIIKOM
TeKmapanujoM 1 ofobpeme Ha/IeXKHOT eTIIKOT of6opa
7a ce MCTPpaXXMBambe MOXKe M3BECTH 1 1a je OHO Y CKIIafy ¢
IpaBHMM CTaHAapAuMa. ExcriepyMenTanHa cTpaknBarma
Ha XyMaHOM MaTepuja/y U MCIIUTYBaba BpIIeHa Ha XIBO-
THaMa Tpeba fa cafipyke U3jaBy eTUIKOT 0fi60pa yCTaHO-
Be 11 Tpeba fla Cy Y carlacCHOCTH C TPaBHUM CTaHAapAyMa.

M3JABA O CYKOBY MHTEPECA. VY3 pykomc ce npu-
JlaXKke MOTIMCaHa U3jaBa y OKBUPY obpacua Submission
Letter xojoM ce ayTOpu M3jallilbaBajy 0 cBaKoM Moryhem
CYKoOy MHTepeca UM HBeroBOM OfICYCTBY. 3a HOfaTHe
MHpOpManje 0 Pa3TMINTUM BpcTaMa cyKoba MHTepe-
ca TIOCETUTHU MHTePHeT-CTpaHnIy CBeTCKOT yApYKema
ypeRHuKa MeguHCcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) 1o Ha-
3uBOM ,,IlonuTuka usjaBe o cykoby nHTepeca®

AYTOPCTBO. Cse ocobe Koje cy HaBefleHe Kao ayTOpU
pana Tpeba fia ce kBanudukyjy 3a ayropctso. CBaku ay-
TOp Tpeba [ia je yIecTBOBAO JOBO/BLHO Y Pafly Ha PYKOIUCY
KaKo 61 MOTao Jia IIpey3Me OATOBOPHOCT 32 IIe/TIOKYTIaH
TEKCT U pe3y/TaTe MSHeCEeHe y pajly. AyTOPCTBO C€ 3aCHU-
Ba CaMo Ha: 6MTHOM JONIPMHOCY KOHIIETIIV)HU paja, Ko-
Oujamy pesynTaTa WIN aHAIN3YU U TYMadewy pe3ynTaTa;
IJIAaHMParby PYKOIIMCA U/ Ber0BOj KPUTUYKOj pEBUSU)U
O 3HATHOT MHTENEKTya/THOT 3Ha4aja; 3aBPLUIHOM JJOTEpPH-
Bamby Bepsyje PyKOIMCa KOjy ce IPUIIpeMa 3a IITaMIIarbe.

AyTopu Tpeba fa IpuIoKe OIMC JOIPUHOCA MOjeAMHATHO
3a CBaKOT KoayTopa y OKBUpY obpactia Submission Letter.
@OuHaHCHpame, CaKyI/balbe NMOflaTaKa MIN FeHePaTHO
HafI7eflabe ICTPaXMBayKe IpyIle CaMi 1o ce6u He MOTy
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oIpaBfaTy ayTopcTBO. CBY APYIM KOjU Cy JOTIPMHENN
u3pajyu paja, a Koju HIUCY ayTOPM PYKOIUca, Tpebamo
6u na 6yny HaBelleHM y 3aXBaTHUIIM C ONIMICOM HIIXOBOT
IOTIPMHOCA Pafly, HAPABHO, Y3 NMMCAHN IPUCTAHAK.

IUTATUJAPU3AM. Ogp 1. janyapa 2019. rogune cBu
PYKOIIICH TIOfIBpTaBajy ce IpoBepy Ha IIarujapusam/
ayromnarujapusam npeko SClndeks Assistant — Cross
Check (iThenticate). PajoB1 KOZ KOjMX ce JOKaxKe IIjIa-
rujapusaM/ayTorarujapusam 6uhe ongbujenn, a ayropn
CaHKIIMOHVICAaHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpaHnum pykonmca
Tpeba HaBecTu crnefehe: HacnoB papa 6e3 ckpahennua;
TIPEIIOT KPaTKOT HAac/IoBa pajia, ITyHa IMeHa 1 ITpe3VMeHa
ayTopa (6e3 TUTYNIA) MHAEKCHpaHa OpojeBUMa; 3BaHMYaH
Ha3)B YCTaHOBA y KOjMa ayTOPH pajie, MeCTO 1 p>KaBy
(pemocnmenoM Koju ofroBapa MHAeKCMpaHUM 6pojeBuMa
ayTopa); Ha JHY CTpaHNIle HABECTU MMe U TIpe3NMe, afi-
pecy 3a KOHTaKT, 6poj TenedoHa, pakca u uMmejn agpecy
ayTopa 3aJy>KeHOT 3a KOPECIIOH/IeHIIjY.

CAJKETAK. Y3 opurnHaaum paf, IpeTX0JHO 1 KPaTKo
CaoIIIITebe, Ipere] IMTepaType, MpUKa3s crydaja (6omec-
HUKa), pafi U3 UCTOpMje MefULIMHE, aKTyelHy TeMy, paj
3a pyOpUKY je3suK MeJVILIMHE U paj 3a IPaKCy, Ha IPYyToj
TI0 pefly CTPaHUIM JOKYMEHTa Tpeba IPUIOKUTHI Caxe-
Tak pasia obuma 100-250 peun. 3a opuruHaaHe pafose,
IPeTXOHO M KPAaTKO CaolIITeme CakeTakK Tpeba fla mMa
cnenehy crpykrypy: Yeon/Iwm paga, Metoze pana, Pe-
3ynTaTH, 3aK/by4aK; CBaKM Off HaBe[leHNX CerMeHaTa IN-
caTy Kao 1oce6aH 1acyc Kojy Mounmbe GONITOBaHOM PeUlL.
Hagecty HajBakHUje pesynTare (HyMepuIKe BPETHOCTN)
CTaTUCTHMYKE aHa/IM3€e Y HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiuTeH, Beh Mopa 6MTU IUPEKTHO MOBe3aH ca
pesynTatuMa paja. 3a mpukase 60/IeCHIKA CaXKeTaK Tpe-
6a ma nma cnenehe genoe: YBox (y OC/IeNH0j pedeHUIIN
HaBecTy 1Imb), [Ipnkas 6omecHrKa, 3ak/bydak; cerMeHTe
Takobe mucaTu Kao moceb6aH Macyc Kojyu Nounmwe 60nmo-
BaHOM peun. 3a oCTajle TUIIOBE pajioBa cCa)keTak HeMa
oce6Hy CTPYKTYPY.

K/bYYHE PEYMN. Vicnon CaxkeTKa HaBeCTH Of, TPU [0
ImIecT K/bYYHUX peun vy uspasa. He Tpeba na ce moHa-
B/bajy pedM U3 HACNIOBA, a KIbY4He peur Tpeba fa 6yny
perneBaHTHe VIV OMUCHe. Y M3060pPy KbYIHUX pedun KO-
puctutv Medical Subject Headings — MeSH (http://www.
nlm.nih.gov/mesh).

ITIPEBOJ] HA CPIICKM JE3UK. Ha tpehoj o peny
CTpaHMIIM JOKYMEHTa IIPUIOXKUTH HAaC/IOB pajia Ha CpII-
CKOM je3)Ky, IVHa IMeHa 1 IIpe3uMeHa ayTopa (6e3 TuTy-
J1a) MHAEKCpaHa OpojeBMMa, 3BaHNYaH Ha3UB YCTAaHOBA
y KojuMa ayTopy pajie, MecTo 1 fip>kaBy. Ha cnepehoj -
YeTBPTOj IO Pefly — CTPAHUIY JOKYMEHTA IPYIIOXKUTY
caxerax (100-250 peun) ¢ KJby4HUM peunma (3-6), 1 T0
3a pafioBe Y KOjuMa je 06aBe3aH ca)keTaK Ha eHIJIECKOM
jesuxy. IIpeBoy ojMoBa 13 cTpaHe MuTeparype Tpeba na
6yze y [yxy cprckor jesuka. CBe CTpaHe peyuy UM CUH-

TarMe 3a Koje IoCToju ofrosapajyhe ume y HaleM je3uky
3aMEHUTHU TUM Ha3MBOM. YKONIMKO je paji y LeIOCTH Ha
CPIICKOM je3WKY, HOTPeOHO je peBecTy HasyBe IIPHUIO-
ra (Tabena, rpaduKoHa, CIIMKa, CXeMa) YKOIIMKO X VIMA,
LETIOKYTIHM TEKCT Y IbJMa 1 JIETEH/TY Ha eHITIECKM je3UK.

CTPYKTYPA PAJTA. CBy offHAC/IOBM Ce IIMIIY BETUKIAM
MacHMM crioBuMa (60my). OpuruHamIHu paj, MeTaaHaIu-
3a, TIPETXOMfHO U KPAaTKO CAaOoMIITemhe 06aBe3Ho Tpeba a
uMajy cnenehe mogHacmose: Ysop (LInb pajia HaBecTn Kao
HOCTIeBY ITacyc YBopia), Metopie pafia, Pesynraryu, [Jucky-
cuja, 3aKk/bydak, JIuteparypa. [Ipernen mureparype 4nne:
YBop, oproBapajyhu nmogHacnosy, 3akbydak, JInreparypa.
ITpBouMeHOBaHY ayTOp MeTaaHa/IM3e U IperNefHoOr paja
Mopa fia HaBefie 6ap IeT ayToluTaTa (Kao ayTop Mmm Koay-
TOp) pafioBa IIyO6IMKOBaHMX Y YaCOMICHMA C PEI[eH3MjOM.
KoayTopn, ykonuko nx mMa, Mopajy fia HaBeny 6ap jenan
ayTOIMTAT pajioBa TaKohe MyOMMKOBaHNUX Y YaCOMNCH-
Ma ¢ perieHsujoM. [Tpukas ciydaja unm 6onecHUKa UnHe:
YBop (Llwb pafa HaBeCTM Kao IOCTIeRHBY acyc YBoaa),
ITpukas 6omecHuka, [luckycuja, JInteparypa. He Tpeba
KOPVCTUTHU MeHa 60/IeCHIKa, MHUIUjale, HUTY OpojeBe
ucropuja 6omecTy, HApOUNTO y waycTparyjama. [Ipukasu
6omecHNKa He CMejy UMaTy BUIIE Off IIeT ayTopa.

ITpuinore (Tabene, rpaduKoHe, CIMKe UTH,.) IOCTAaBUTU Ha
Kpaj PYKOIINCa, @ Y CAMOM Te/y TeKCTa jaCHO Ha3HAYNTH
MeCTO Koje ce OfTHOCK Ha filaTu mpuior. Kpajia mosuiuja
npunora 6uhe oxpebena y Toxy npunpeme paja 3a ny6-
NUKOBame.

CKPAREHMIE. KoprctuTu caMo Kaja je HeOIXOmHO,
¥ TO 32 BeOMa JIyrayke Ha3VMBe XeMUjCKUX jelUEberba, Off-
HOCHO HasuBe KOju Cy Kao ckpahenmurie Beh mpemnosHat/pu-
Bu (crangappHe ckpahenune, kao Hnp. [JHK, cuna, X1B,
ATTI). 3a cBaky ckpaheHMIly IyH TepMUH Tpeba HaBeCTH
IIpY IPBOM HaBODemY Y TEKCTY, CeM aKo HMje CTaHapfHa
jepuamIa Mepe. He kopuctutn ckpahenniie y Hacnosy.
W36erapatnt kopuihemwe ckpaheHua y caxxeTky, amy ako
CY HeOIIXOfIHe, CBaKy cKpaheHNIly 06jacHUTY Ipy IPBOM
HaBoDhemy y TeKCTY.

JEOVIMATHU BPOJEBIL. V TekcTy pafa Ha eHITIECKOM
jesuky, y Tabenmama, Ha TpadVMKOHMMA ¥ IPYTYM TIPUIIO-
3MMa JeluMaHe OpojeBe MUcaTy ca TaykoM (Hmp. 12.5
* 3.8), a y TeKCTYy Ha CPIICKOM je3UKy ca 3ape3oM (HIIp.
12,5 £ 3,8). Kap rog je To Moryhe, 6poj 3aoKpy>XuTu Ha
jemHy geryMarny.

JEOTVUHWIE MEPA. [ly>xuHy, BUCUHY, T&XKMHY U 3a1pe-
MVHY U3paKaBaTy y MeTPUYKIM jeAVHNIIaMa (MeTap — m,
kuorpam (rpam) — kg (g), murap — ) Wy BUXOBUM JeTo-
BuMa. Temmeparypy uspaxaarn y cterrennMa Iensujyca
(°C), xomuuHy cymncTaHiie y Momuma (mol), a mpurmcax
KpBM y MUIMMeTpPVMa XUBKMHOT cTyba (mm Hg). CBe
pesynTare XeMaTONONIKNX, KTMHWIKNX ¥ 6MOXeMMjCKIX
Meperba HaBOIUTHU Y MeTPUIKOM CHCTeMy npemMa Meby-
HapORHOM cucTeMy jepuunna (SI).
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OBMM PAJTOBA. lJenokynHu pyKonuc pajia KOju YnHe
- HaCJIOBHA CTPaHa, CayKeTak, TeKCT pajia, CIIICAK JIuTepa-
Type, CBY IIPUIO31, OHOCHO MOTIINCH 3a FUX U JIETeHIa
(Taberne, cnuke, rpaUMKOHM, CXeMe, LIPTEX), HACTOBHA
CTpaHa I Ca)keTaK Ha CPIICKOM je3MKy — MOpa M3HOCUTH
3a OPUTMHAIHY Pajl, paji U3 MICTOPHje MeUIIVHe U Ipe-
rep mureparype 1o 5.000 pedn, a 3a IPETXOAHO U KPATKO
CaoIIIITelbe, IPMKa3 60eCHNKa, Paj] 3a IPAKCY, eIyKaTHB-
HJI WIAHAK U paf 3a pyOpuKy ,,Jesux mepummze o 3.000
peun; pajioBU 3a 0CTaje pyOpyKe MOTY IMaTy HajBUIIIe
1.500 peun.

Bupeo-panoBu Mory TpajaTu 5-7 MuHyTa 1 6uTH Y popma-
Ty avi, mp4(flv). Y npBom kanpy ¢umma Mopa ce HaBeCTH:
y HafHacnmoBy CpIICKM apX1B 3a LIeJIOKYITHO 1IeKapCTBO,
HACTIOB pajia, Ipe3VMeHa U MHUIVjaIy IMEHa U CPefibeT
C7I0Ba CBMX ayTopa paja (He ¢puaMa), roguHa uspange. Y
IPYTOM Kafipy Mopa OMTU YCHUM/bEH TEKCT pajia y BUAY
arcrpaxTa fio 350 peun. Y nocnenmeM Kaapy ¢puama Mory
ce HaBeCTM MeHa TeXHIIKOT 0cob/ba (pexnja, CHIMaTerb,
CBET/I0, TOH, PpoTorpaduja u ci1.). Y3 Buaeo-pagose foc-
TaBUTH: TOCEOHO TEKCT y BUAY arcTpakTa (o 350 peun),
jemny ¢ororpadujy kao mnycrpanujy npukasa, usjaBy
HOTIIMCaHY Of CBET TEXHIIKOT 0cob/ba fla ce ofipnyy ay-
TOPCKVX TIpaBa y KOPUCT ayTopa pajia.

ITPVIJIO3M PALTY cy ta6erne, cuke (¢potorpaduje, np-
TeXM, cXeMe, TpaMKOHM) U BUEO-IPUIO3M.

CeBaka Tabena Tpeba fa Oyme cama 1o ceb6u 1ako pas-
ympuBa. Hacnos Tpeba oTkynary usHag Tabene, a
objammema ucrop we. Tabenre ce 03HaUaBajy apalcKuM
6pojeBuMa npema penocneny HaBobhema y Texcry. Ta-
6erne npTaTH NCK/BYUNBO y Iporpamy Word, kKpo3 MeHI
Table-Insert-Table, y3 neduHucarme TaaHOT Opoja KOTIOHA
U perioBa koju he 4nHNTH MpexXy Taberne. [lecHUM KIMKOM
Ha Myny — nomohy onnuja Merge Cells u Split Cells -
crajaty, ogHocHO fennty hemyje. Kynatu ponrom Times
New Roman, BenmuunHOM cnoBa 12 pt, ¢ jeTHOCTPYKUM
npopenoM i 6e3 yBnademwa Tekcra. Kopumrhene ckpahe-
Hulle y Tabemu Tpeba 06jacHUTH y JIeTeHAM UCIIOf, Tabe-
71e. YKOJIMKO je PYKOIIUC Ha CPIICKOM je3UKY, IPUIOXKUTI
HasuBe Tabesla U IeTeHAy Ha o6a jesuka. Takobe, y jenHy
Tabery, y okBupy ucte henmje, yHeTH 1 TEKCT Ha CPIICKOM
¥ TEKCT Ha €HITIECKOM je3UKy (HMKaKO He IIPaBUTH JiBe
Tabene ca fBa jeaukal).

Ciuke cy cBU 06/mIy rpadUuKmX IPUIOTa U Kao ,,CIIMKe™
y CA ce 06jaBmyjy pororpaduje, nprexxu, cxeMe u rpadu-
koHM. CIiKe 03HaYaBajy ce apallcKuM 6pojeBuMa ImpeMa
pemocneny HaBobema y TekcTy. IIpuMajy ce nck/pyunBo
mururtanse pororpaduje (pHo-6ene nmm y 60ju) peso-
nyuuje Hajmame 300 dpi n popmara sanica tiff unu jpg
(mare, MyTHe M CTIMKe JIOLIET KBanuTeTa Hehe ce mpuxBa-
TaTH 3a mMTaMmame!). YKoIMKo ayTopy He OCeRyjy Um
Hycy y MoryhHoCTH fia focTaBe puruTanse ¢pororpaduje,
OHJIa OPUTVHATTHE C/TUKe Tpeba CKeHNPATH Y Pe3omyLyju
300 dpi v y OpUTMHATHO]j BeMYMHN. YKOIIMKO je paji Heo-
IIXOJJHO WTYCTPOBATH Ca BUIIE CMKa, y pany he ux 6uru
006jaB/beHO HEKOMMKO, a ocTasie he 6uT y e-Bep3uju wiaH-

Ka kao PowerPoint mpe3eHTanyja (cBaka cMka Mopa 6uTu
HyMepJCaHa J IMaTH JIETeH TY).

Bupeo-npunosu (unycrpauuje paga) Mory Tpajatu 1-3
MMHYTa 1 6utn y popmaty avi, mp4(flv). ¥3 Bugeo moc-
TaBUTY TOCEOHO CIVIKY KOja O6u Ovta WiycTparyja BUgeo-
IpyKasa y e-M3famy U 06jaB/beHa y IITAMIIaHOM U3JIAY.
YKOJNKO je PyKOINC Ha CPIICKOM je3VKY, TPMIOKUTU Ha-
3UBe C/IMKa M JIETeHTy Ha 00a je3nka.

Cruke ce y cBecIiy MOTY LITaMITaTy y 60ju, anmy JofaTHe
TPOILIKOBE IITaMIle CHOCE ayTOPH.

Ipadukonu tpeba na 6yny ypahenu u focrasbeHu y npo-
rpamy Excel, na 6u ce Bupene mpatehe BpefHOCTU pacio-
pebene o henujama. Vicre rpadukone npekonupaTu u y
Word-oB oKyMeHT, e ce rpaduKoHN 03HaYaBajy apal-
cknM 6pojeBrMa IIpeMa pefoc/iefly HaBohemwa y TEKCTY.
Csu nopaiy Ha rpaduKoHy Ky1ajy ce y donty Times New
Roman. Kopumthene ckpahenniie Ha rpagpukony tpeba
00jacHNTH Yy JIeTeHAY UCTION rpaduKoHa. Y MITaMIIaHO]
Bep3Mju YWIaHKa BepoBaTHIje je fa rpadukoH Hehe 6uTn
IHITaMIIaH y 60ju1, Te je 6ojbe u3beraBaty xopuinhemwe 60ja
y TpadpMKOHMMA, WV YX KOPUCTUTH PA3/INIUTOT MHTEH3N-
TeTa. YKOJIKO je PyKOIMC Ha CPIICKOM je3VKY, TPUIOKUTI
Ha3uBe rpaduKOHa Vi JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce fOCTaBIbajy y jpg unu tiff opma-
Ty. Cxeme ce mory upraru u y nporpamy CorelDraw umm
Adobe Illustrator (mporpamu 3a paj ca BeKTOpUMa, KpyBa-
ma). CBU IOfaLiit Ha CXeMM Ky1iajy ce y outy Times New
Roman, Benanna cnosa 10 pt. Kopuihene ckpahennre
Ha cxeMy Tpeba 06jaCHUTY y JTeTeHM NCTIOf, cXeMe. YKO-
JIVKO je PYKOIIIC Ha CPIICKOM je3VKY, IIPVIOXKUTY Ha3uBe
CXeMa I JIereHAy Ha 00a je3uka.

3AXBAJTHUIIA. HaBecTu cBe capaiHVKe KOjy Cy IOIPH-
HeJNV CTBapamy pajia a He MCIYbaBajy Mepiiia 3a ayTop-
CTBO, Ka0 LITO Cy 0cobe Koje 06e36ehyjy TexHUUKY 1mO-
Moh, TOMOR y IMcamy pafia MM PyKOBOJie Ofle/berbeM Koje
o6e36ehyje ommury moppiky. GuHaHCKjCKa U MaTepyjanHa
nomoh, y 067Ky CIIOH30pCTBa, CTUIIEH M)A, TOK/IOHa,
olpeMe, IeKOBa U IpyTo, Tpebda Takobe fa 6yae HaBemeHa.

JIUTEPATYPA. Crincak pedepeHIn je oATOBOPHOCT ay-
TOpa, a HUTUPaHN WIaHIM Tpeba fja Oymy TaKko MpUCTy-
MavyHM YMTaonyMa Jacomnuca. Crora y3 caky pedepeHiy
o6ape3Ho Tpeba HaBecTy DOI 6poj wiaHKa (jenMHCTBEHY
HIICKY KapaKTepa Koja My je gome/beHa) u PMID 6poj yko-
JIMKO je WIaHaK MHAeKcupaH y 6asu PubMed/MEDLINE.

Pedepenie HymepucaTu pefHUM aparckuM 6pojeBrmMa
IpeMa pefocefy HaBohema y TekcTy. bpoj pedepenru
He 611 Tpebano fa Oyne Behu ox 30, ocuM y mmperieny -
TepaType, y KojeM je 103BO/beHO fa ux Oygme fo 50, m 'y
MeTaaHajusM, Ie UX je fo3BobeHo fo 100. bpoj uuTn-
PaHMX OPUTMHATHUX pafoBa Mopa 6uTu HajMamwe 80%
oJI yKYIIHOT 6poja pedepeHIu, 0fHOCHO 6poj LuTHpa-
HMX KIBJTA, IIOI7IaB/ba Y KIbUTaMa U IPerIefHNX WIaHaKa
MamM off 20%. Ykomuko ce fomahe MoHOTrpadcke my6mm-



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

Kallyije ¥ WIAHIY MOTY YBPCTUTH Y pedepeHLIie, ayTopu
Cy IY>KHM Ia ux uutupajy. Behnua nurupanux Hayqsnx
YlaHaKa He 6y Tpebano fa 6yme ctapuja off IeT rofu-
Ha. Huje m03Bo/beHO IMTHpambe ancTpakaTa. YKOIMKO je
OUTHO KOMEHTAPUCATH pe3y/Tare KOji Cy MyO/IMKOBaHN
CaMo y BUJIY aIICTPaKTa, HEOIIXOJHO je TO HaBEeCTU § CAMOM
TeKCTy pafa. Pedepeniie wianaka Koju cy npuxsahenn
3a LITaMIIY, a/Ii jOLI HUCY 06jaB/beHy, Tpeba 03HAYUTU
ca in press ¥ IPUIOKUTH JOKa3 O IPUXBaTamby paja 3a
objaB/buBalbe.

PedepeHnue ce nutupajy npema BaHkyBepckoM cTumy
(yHudopMmcaHNM 3aXTeBMMa 3a PYKOIIVICe KOjI ce Ipe-
Hajy 6MoMemVILIMHCKUM YaCOIMCUMa), KOjU je YCIIOCTaBMO
MebhyHapogHy KOMIUTET ypefHIKa MeANIIMHCKUX Jaco-
mca (http://www.icmje.org), unju dopmat kopucte U.S.
National Library of Medicine n 6a3e HayuyHuX my6muKa-
nyja. [Tpumepe HaBohema mybnukanmja (41aHaka, Kibyura
U IPYTUX MOHOTpaduja, eNMeKTPOHCKOT, HeobjaB/beHOT I
IpyTor 06jaB/beHOT MaTepyjaia) MOry ce mpoHahu Ha MH-
TepHeT-cTpaHuun http://www.nlm.nih.gov/bsd/uniform_
requirements.html. IIpunukoM HaBobemwa nmureparype
BeoMa je BayKHO IIPUAPKaBaTU ce IOMEHYTOT CTaHAap/a,
jep je TO jemaH Of HajOUTHUjUX PaKTOpa 3a MHAEKCUPabe
IPUIMKOM KTacuyKaIyje HayYHIX YacOMmca.

ITPOIIPATHO ITMCMO (SUBMISSION LETTER). V3
pyKoruc o6aBe3HO IPUIOKUTU 06pasall Koju Cy ITOTIN-
CaJIi CBM ayTOPH, @ KOju Caip>ku: 1) usjaBy #a paj mper-
XOJIHO HUje My6IMKOBaH U Jja HIje CTOBPEMEHO MOfHET
3a 00jaB/pMBaIbE Y HEKOM JIPYIOM YacoIIVCy, 2) U3jaBy ja
CY PYKOIINC IPOYUTAIIN ¥ OFOOPMIN CBU ayTOPY KOjHU UC-
IyH:aBajy MepuiIa ayTOpCTBa, M 3) KOHTAKT MOfjaTKe CBUX
ayropay pany (ampece, uMmejn agpece, TenedoHe UTH.).
brmanko obpasary Tpeba mpeyseTy ca MHTepHET-CTPaHNUIle
vacomuca (http://www.srpskiarhiv.rs).

Taxobe je morpe6HO HOCTaBUTH KONMje CBUX HO3BOTIA
3a: peIpoAyKoBabe MIPeTXOfHO 06jaB/beHOT MaTepljaa,
ymorpeby mwryctpanuja u o6jaB/buBarme nHGoOpManyja o
HO3HATVM JbYAMMA VY IMEHOBabe /bYAM KOjU CY JOIIPH-
He/IM M3paju paja.

YIAHAPUHA, IIPETIIVTATA 1 HAKHAJIA 3A OB-
PALTY YITAHKA. [la 6u pap 6uo 06jaB/beH y yacomucy
Cpilicku apxue 3a yenoKyilHo 1eKapcitiéo, CBU ayTOpy KOju
cy nexapu i cromaronosu 3 Cpbuje Mopajy 61Ty 4ia-
HoBY CPIICKOT JIeKapCKOT ApyIITBa (Y CKIaly ca WIaHOM
6. Craryra JIpymTsa) ¥ USMMPUTHU HaKHaAy 3a o6pany
unaHaka (Article Processing Charge) y usnocy og, 3000 nu-
Hapa. AyTOpu 1 KoayTOp U3 MHOCTPAHCTBA Cy Y 06aBe3n
fla IyIaTe HaKHaAy 3a ob6pany wiaHaka (Article Processing
Charge) y usHocy on 35 eBpa. YIiara y jegHoj KaneHaap-
CKoj TofnuHM 00yXBaTa M CBe Hape/He, eBeHTYaTHe YIaHKe,
IOCTIaTe Ha pasMaTpame y Toj rogyHu. CBI ayTopy Koju

IIaTe OBY HaKHA/[y MOTY, YKOMKO TO eJle, ia IpUMajy
MITaMIaHO U3fame Jaconuca. Tpeba HalIOMEeHYTH Jja
OBa yIUIaTa Huje rapaHnyja fa he pay 6utu npuxsahen
u 06jaBibeH y Cpiickom apxusy 3a uenoKyiiHo 1exapciieo.
O6aBesa mrahamwa HakHafle 3a 00pafly YWIaHKa He OBHOCH
ce Ha CTyfIeHTe OCHOBHMX CTY/¥ja 11 Ha IIPETIIaTHNKe Ha
Jacoruc.

YcraHoBe (IpaBHa MuIla) He MOTY ITPEKO CBOje MpeTIUIaTe
Jla MICITyHe OBaj yC/IoB ayTopa ($13ndKor muia). Y3 pyko-
mic paga Tpeba [OCTaBUTH KOIMje YIIATHMIIA 32 WIaHa-
PUHY U IIpeTIVIaTy / HaKHaAy 3a 06pajy WIaHKa, Kao JJoKa3
0 yIUIaTaMa, yKOJIMKO M3fiaBad HeMa eBUAEHIIjY O TOMe.
Yacomuc npuxBara foHaLje Of CIIOH30pa KOji CHOCE 160
TPOLIKOBA U/IJ TPOIIKOBE y LIeJIMHYU OHUX ayTopa Koju
HuCy y MOryhHOCTH Ja M3Mype HaKHay 3a 00pajy WiaHKa
(y TakBMM C/Ty4ajeBuMa HOTPEOHO je YaCONUCy CTaBUTH
Ha YBIJ, OIIPaBJaHOCT TAKBOT CIIOH30PCTBA).

C/TAILE PYKOIIMCA. Pykomuc pajia ¥ CBM IIPUJIO3M Y3
Paji IOCTaB/bajy ce MCKIbYUMBO eNeKTPOHCKU IIPEKO CHCTe-
Ma 3a TIpMjaB/bUBambe Ha MHTEPHET-CTPAaHNIV YacOMMCa:
http://www.srpskiarhiv.rs

HAIIOMEHA. Paj xoju He ucniymaBa yc/lI0Be OBOT YIIYT-
CTBa He MOXKe 6utu ynyheH Ha pereHsujy u 6uhe Bpahen
ayTopMMa Jia ra IomyHe 1 ucnpase. [IpripxaBameM yyT-
CTBa 3a IPUIpPEMY pajia 3HaTHO he ce cKpaTuTu Bpeme
IeIOKYITHOT TIpoIieca 1o 06jaB/biBaba pajia y qacoIncy,
mTo he MO3NTMBHO yTULIATH Ha KBaINTET WIaHAKa U pe-
IIOBHOCT M3/Ta’Kerba JacoIlnca.

3a cBe goparHe MHGOpMAaLMje, MOIMMO Aa ce oOpaTnTe
Ha JIo/le HaBeJieHe anpece U 6poj TenedoHa.
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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
country 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 com-
pulsory. 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.), captions
and legends of all enclosures (tables, graphs, photographs,
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, review article and preliminary and short com-
munications should have the following section headings:
Introduction (objective is to be stated in the final paragraph
of the Introduction), Methods, Results, Discussion, Conclu-
sion, References. A review article includes: Introduction,
corresponding section headings, Conclusion, References.
The firstly named author of 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-reviewed journals. A case
report should consist of: Introduction (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 il-
lustrations, should be mentioned. Case reports cannot have
more than five authors. Letters to the editor need to refer
to papers published in the Serbian Archives 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 volume
should be expressed in metric units (meter — m, kilogram -
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
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enclosures including captions and legends (tables, photo-
graphs, graphs, schemes, sketches), title page and summary
in Serbian - must not exceed 5,000 words for original ar-
ticles, review articles and articles on history of medicine,
and 3,000 words for case reports, preliminary and short
communications, current topics, articles for practitioners,
educational articles and articles for “Language of medicine’,
congress and scientific meeting reports; for any other sec-
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ted in the flv video format. The first shot of the video must
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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 paper, 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 sepa-
rate summary (up to 350 words), a single still/photograph
as an illustration of the video, and a statement 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-Properties-Statistics.

ARTICLE ENCLOSURES are tables, figures (photographs,
schemes, sketches, graphs) and video-enclosures.

TABLES. Each table, with its legend, should be self-explan-
atory. 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 tables. Abbreviations used in tables
should be explained in the legend below each 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 citation 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 qual-
ity 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 avail-

able in the electronic version of the paper as a PowerPoint
presentation (every figure needs to be numbered and be
accompanied by legend). Video-enclosures (illustrations
of a paper) can last 1-3 minutes and are submitted in the
flv format. Along with the video, a still/photograph repre-
sentative 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 authors.

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 Serbian 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 used in schemes
should be explained in the legend below the respective scheme.
If the manuscript is entirely in the Serbian language, schemes
and corresponding legend should be both in Serbian and
English.
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