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BELGRADI,

in typographia principatus Serbici

1874,

The title page of the first journal volume in Latin

JpyUITBa OCHOBaHOT 1872. roguHe, NpBM NyT WTaMnaH 1874. rogune,

y KojeM ce 06jaBbyjy pasou €wiaHoBa CpIICKOT JIeKapCKOT pYIITBa,
TIPETIIATHMKA YaCOTIVCA ¥ 4IAHOBA IPYTUX APYIITaBa MEUIMHCKIX ¥ CPOTHIX
crpyka. O6jaBbyjy ce: YBOJHMIIN, OPUTMHAIHY PajIOBH, IPETXOHA U KpaTka ca-
OINIITEH:A, IIPUKa3y GO/IECHNKA U CTy4ajeBa, BULIeO-WIAHIIN, CTIUKe U3 KIIMHIIKe
MeJIVIHe, TIPET/Ie{HN PajIOBY, aKTye/THe TeMe, PaJIOBM 3a IIPAKCY, PajIOBY U3
MCTOpYje MeUIIMHE Y je3VKa MeMIINHE, MeIUIIMHCKE eTVKE VI Pery/aTOPHUX
CTaHJAp/la Y MeMIMHY, U3BEIITaj) ca KOHIPeca M Hay4YHMX CKYIIOBA, TINMYHY
CTaBOBMU, HAPYYEHY KOMEHTAPU, MICMa YPEJHUKY, IIPUKA3U KIbUTA, CTPyYHE
BeCTU, In memoriam u gpyru Npuao3mu.

CBU PyKOIICH KOji Ce pa3MaTpajy 3a ITamiame y ,,CPIIcKkoM apX1By 3a
IIe/IOKYITHO IEKapCTBO He MOTY Jia e IOofHeCy uin Aa 6yny pasMaTpaHu 3a
my6/mKoBarbe Ha ApyTuM MecTuMa. PasioBy He cmejy ia Oy/ly peTXOHO MTaM-
TIaHM Ha IPYTUM MeCTUMa (IeMMIIHO M/ Y OTIIYHOCTH).

ITpucnenn pykoruc Ypehusauku o6op 1mame perieH3eHTIIMA pajiyt CTPYYHe
nporieHe. YKONMMKO pelleH3eHTH TIPefioyKe M3MeHe VI JIONyHe, KOTIija pelleH-
3uje ce JOCTaB/ba ayTOPY C MONOOM JIa YHece TpakeHe M3MeHe Y TeKCT pajia W/
Jla apryMEeHTOBaHO 00Pas/IOKIL CBOje Hec/arame ¢ mpuMes6amMa pelieHseHTa.
Konauny ofryKy o mpuxBaramy pajia 3a IITaMITy JJOHOCH IJTaBHU VI OTOBOPHM
YPEIHUK.

3a o6jaB/beHe pajiose ce He ucmahyje XoHOpap, a ayTOpcKa Mpasa ce Ipe-
HOCe Ha u3fjaBaya. Pyxomucu u npunosu ce e Bpahajy. 3a penpopykuujy mim
MIOHOBHO 00jaB/blBatbe HEKOT CeTMEHTa pajia MyO/MMKoBaHor y ,,Cprickom ap-
XVBY HEOIXOJHA je CAIJIACHOCT M37laBayva.

PajioBu ce mTaMmnajy Ha eHITIECKOM j€3UKY Ca KPaTKMM Cafip>kKajeM Ha eH-
I7IecKOM 1 cprickoM jesuky (hupwmia), OTHOCHO Ha CPIICKOM je3MKY, ca KpaT-
KIM Cafip)KajeM Ha CPIICKOM U eHITIECKOM je3UKY.

AyTOpM MpyUXBaTajy IOTIYHY OATOBOPHOCT 3a TAYHOCT Ie/IOKYTIHOT Cajip-
aja pykomnuca. Marepujan nmy6nukaipyje IpefcTaB/ba MUAIUbEE ayToOpa I
HIIje HY)XHO 0oipa3 Muljberba CpIICKOT leKapcKor ApyiTsa. C 063upom Ha
6p3 HaIpeaK MeUIMHCKe HAyYHe 06/1aCTH, KOPUCHULY Tpeba [ja He3aBICHO
npolewyjy nHbOpMaLujy pe Hero LITO je KOPUCTE UK Ce Ha by OC/Iabajy.
CpIIcKO JTIeKapCKo APYLITBO, ypeaHuK uin Ypehusauku ogbop ,,Cprckor ap-
XUBa 32 L[e/IOKYITHO IEKAPCTBO He IPMUXBATajy 61110 KaKBY OATOBOPHOCT 32
HaBOJie y pajioByMa. PekaMHn matepujai Tpeba fja 6yzie y CKIafy ¢ e TM9KUM
(MeMIIMHCKMM) ¥ TIPAaBHUM CTaHAapAuMa. PekTaMHU MaTepujan yK/bydeH y
0Baj 9acOMIC He TAPAHTYje KBAaTUTET WM BPEJHOCT OT/IAIIeHOT TPOM3BO/aA,
OJJHOCHO TBpJjtbe pou3Bohaya.

ITopHeceHM PYKOIIVC IIOIPa3yMeBa Jia je HheroBo Iy0mKoBame ofo6puo
OJITOBOPHI Ay TOPUTET YCTAaHOBE Y KOjOj je MCTpakuBame 06aB/beHo. VsmaBay
ce Hehie cMaTpaTy MPaBHO OJATOBOPHYM Y C/Ty4ajy HOHOLIEHa 61110 KaKBOT
3axTeBa 3a KoMiensanujy. Tpeba fa ce HaBey CBM U3BOPM UHAHCHPaAHbA Pajia.

Cpncxu apXVB 3a IENIOKYITHO TeKapPCTBO je Yacomc CPIICKOT IeKapCKOoT
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SUMMARY

Introduction/Objective Traditional diagnostic methods for assessing pulp vitality are commonly used
but lack precision and reliability, whereas recent advancements offer non-invasive alternatives, focusing
on pulp tissue blood flow and oxygen saturation. This study was designed to evaluate and compare the
reliability of all available clinical diagnostic methods for assessing pulp status and to establish reference
values in healthy young individuals.

Methods This cross-sectional observational study enrolled 25 voluntary participants (27.8 + 5.2 years old),
with 150 upper front teeth. The participants were healthy individuals, non-smokers, with teeth having a
mature apex, no or minimal restorations, being periodontally healthy, and with radiographically visible
pulp chambers. Various diagnostic tests were conducted, including electric (EPT), cold (CPT), and hot
pulp testing (HPT), laser Doppler flowmetry (LDF), and pulse oximetry (PO); the reference values were
established.

Results Statistically significant differences were observed among all tooth groups (central incisors, lateral
incisors, and canines) for EPT, LDF, and PO. In contrast, CPT and HPT showed no statistically significant dif-
ferences between the tooth groups. The mean values across all patients were as follows: EPT - 17.7 + 5.4,
PO - 80.6 + 1.8%, and LDF - 4.6 £ 1.6 perfusion units. Correlation analysis showed no significant relation-
ships between the tests.

Conclusion Modern diagnostic techniques show promise in offering more reliable results. Establishing
reference values is essential for improving diagnostic accuracy. These values will not only enhance clinical
decision-making but also serve as a foundation for future investigations.

Keywords: clinical diagnostic methods; laser Doppler flowmetry; pulse oximetry; electric pulp testing;
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dental pulp

INTRODUCTION

Dental caries remains one of the most prevalent
diseases in the orofacial region and significantly
contributes to dental pulp disease [1]. Pulpitis,
the inflammation of the pulp tissue, is a com-
mon sequela of dental caries and can lead to
significant discomfort in affected individuals [2].
Although there is growing interest in the need
for improved classification and understanding
of pulp tissue health [3] pulpitis is currently cat-
egorized as reversible or irreversible, depending
on the extent of tissue damage [4].

Reversible pulpitis involves initial inflamma-
tion that can heal and restore. Patients typically
have mild to moderate, localized pain trig-
gered by stimuli, though some may experience
no pain, diagnosed by subjective or objective
complaint [4]. In contrast, irreversible pulpitis
is marked by permanent pulp damage. Acute
irreversible pulpitis presents with rapid-onset,

intense pain, often spontaneous and hard to
localize, with possible heat sensitivity, swelling,
and chewing difficulties. Chronic irreversible
pulpitis progresses slowly with dull, recurrent
pain, usually triggered by hot or cold stimuli [4].

Establishing an adequate diagnosis is one
of the keys to successful therapy. However, the
lack of objective criteria that indicate the actual
state of the pulp tissue presents a challenge in
making adequate decisions during treatment
[5]. Historically, there has been a tendency to
opt for vital pulp extirpation, which has con-
tributed to the relatively low success rates of
endodontic procedures and the increased need
for retreatment [6].

To address this issue, the European Society
of Endodontology initiated a project called
“S3 Clinical Guidelines,” aimed at developing
evidence-based guidelines for the diagnosis and
treatment of pulp and periapical diseases [7].
As part of this project, Donnermeyer et al. [8]
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conducted a systematic review that evaluated the effective-
ness of diagnosing pulp diseases using various diagnostic
tests [7]. The authors concluded that the existing scientific
knowledge provides a very low level of evidence on the ac-
curacy and reproducibility of the current diagnostic tests
and a lack of reliable prognostic indicators that enable a
reliable preoperative assessment of the outcome of vital pulp
treatment. This further complicates the diagnostic process
and makes it difficult to predict the success of therapy
[8]. Before any test, meticulous and detailed anamnesis
is conducted to reveal pain history, suggesting a potential
inflammatory state of the pulp. The most frequently used
diagnostic tools for evaluating the state of the pulp are
sensitivity tests [electric pulp testing (EPT), cold pulp
testing (CPT), and heat pulp testing (HPT)] [9]. Despite
the widespread use, their lack of precision and reproduc-
ibility represent their main limitations, primarily due to the
subjective response of the patient, the interpretation of the
dentist, and the inability to detect blood flow in the pulp
[10, 11]. In order to overcome these limitations, modern
diagnostic tools, laser Doppler blood flowmeters (LDF)
and pulse oximeters (PO), were introduced into practice.
These methods are based on the assessment of the blood
flow in the pulp and its oxygen saturation without relying
on the subjective responses of the patients and the personal
interpretation of the dentist [12-15].

While many studies have assessed individual diagnostic
tools for pulp tissue [8], none have simultaneously com-
pared all conventional and modern methods or established
reference values in healthy young individuals.

This study aimed to compare the reliability of all clinical
diagnostic methods (EPT, CPT, HPT, LDE PO) for pulpal
assessment and to establish reference values in healthy
young individuals for future correlation with pulp-derived
laboratory tests.

METHODS

This observational cross-sectional study was conducted at
the Department of Restorative Odontology and Endodontics,
School of Dental Medicine, University of Belgrade, Serbia. All
data were collected from January to September 2024. Prior to
any testing, all participants fulfilling the inclusion criteria were
informed about the study’s objectives and procedures, and
they provided written informed consent. This investigation
enrolled 25 voluntary participants (27.8 + 5.2 years old, 15
females and 10 males) comprising a total of 150 upper front
teeth. The sample size was calculated using a power analysis
to ensure sufficient statistical power for detecting significant
differences. The calculation was based on a previous pilot
study and the variability of the key measures.

Participants met the following inclusion criteria: i) healthy
individuals (ASA I), ii) non-smokers, iii) mature apex, iv)
no or minimal restoration on upper front teeth, v) peri-
odontally healthy, and vi) radiographically visible coronal
pulp chamber. Exclusion criteria included: i) presence of any
systemic disease, ii) smokers, iii) caries or massive restora-
tions, iv) discolorations of the tooth, v) radiographically
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invisible coronal pulp chamber, vi) radiographical signs
of periapical lesion and vii) orthodontically treated teeth.

Patients were instructed to abstain from foods and
beverages for at least two hours before attending. All mea-
surements were performed in a temperature-controlled
room using the same unit and keeping the patient’s head
in the same position, resting for 10 min in the unit before
the measurements.

Each patient underwent five pulp tests. EPT, CPT, HPT,
and PO were performed with 15-minute intervals. Tests
were repeated twice by the same operator (EKL) to reduce
bias, and results were presented as mean values. Any unclear
responses prompted retesting.

For CPT, a No. 2 cotton pellet with a refrigerant spray
(1,1,1,2-tetrafluoroethane) [Cold Spray (ROEKO Endo-
Frost); Coltene Whaledent, Cuyahoga Falls, OH, USA]
was used and placed onto the middle third of the buccal
surface for 18 seconds or until the participant raises a
hand to indicate a cold sensation, with the standardized
temperature of -26°C [16].

As for the HPT, a heated gutta-percha rod was placed
on the middle third of the buccal tooth surface for 18 sec-
onds or until the participant raised a hand to indicate a hot
sensation, with a standardized temperature of 80°C [16].

EPT was performed using a digital Pulp Tester (Analytic
Technology Pulp Tester; Analytic Technology, Redmond,
WA, USA). The tooth was air-dried and isolated with cotton
rolls to prevent false responses from surrounding tissues.
The lip clip was attached to the lip, and the electrode was
placed on the middle third of the buccal surface. A slow
increase in the current, calibrated at medium speed, per-
mitted patients to report any pain sensation. The detected
stimulus threshold was recorded as a positive response, and
the exact value was noted [16, 17].

LDF is a semi-quantitative, non—invasive method used
for the assessment of pulpal blood flow (PBF). Red light
with a wavelength of 632.8 nm was produced by a 1 mW
helium-neon laser diode within the flowmeter (PeriFlux
System PF 5001, Perimed, Jarfalla, Sweden) and transmitted
to the tooth surface along the fiber-optic conductor inside
a round probe (407-2, Perimed) with a cross-sectional
diameter of 1 mm. The probe simultaneously received the
reflected and scattered light via afferent optical fiber, which
was then registered by a photodetector in the flowmeter.
According to the Doppler effect, light reflected from moving
red blood cells shifts in frequency, allowing calculation of
their concentration and velocity. This shift indicates tissue
blood flow, expressed in semi-quantitative perfusion units
(PU). Before data collection, a colloidal suspension of latex
particles (Perimed Motility Standard) was used to calibrate
the flowmeter on the wide band to a specific value of 250 PU.
The artifact filter was activated with a sampling frequency
set at 32 Hz. PBF values were stored on a computer software
(Perisoft, Perimed) for further analysis. To stabilize and
obtain a reproducible position of the probe on the tooth
surface, custom-made splints were prepared (Zhermack
dental Hydrorise putty and regular body impression mate-
rial, Faclon Medical impression trays, Vacum former EV2
3A Medes, and Gasket for splint 080 2mm 1/12), and used
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Figure 1. Laser Doppler flowmetry probe holder

to secure the position of probe holder (PH07-6, Perimed).
Aperture for the probe holder was positioned labially on
the cervical third of the tooth crown, at least 1 mm from the
gingival margin (Figure 1). Measurements were repeated
three times with a 1-minute pause, and the mean value was
obtained as a final result, all performed in a quiet room with
a constant ambient temperature [13, 14, 18].

For PO testing, the fifth-generation Nellcor OxiMax
550 pulse oximeter (Tyco Healthcare Group LP) was used.
The OxiMax system’s “sensor message” function analyzes
data from the sensor, using a proprietary algorithm that
interprets parameters stored on the sensor’s memory chip
and evaluates real-time signal characteristics from the pa-
tient. A Nellcor OxiMax™ Dura-Y D-YS multisite oxygen
sensor (Tyco Healthcare Group LP) was chosen due to
its smaller dimensions, fitting better to the mesio-distal
width of human permanent teeth. To ensure consistent
and accurate sensor placement, a custom-designed pulse
oximeter sensor holder was developed, designated as the
pulse oximeter dental probe (Figure 2). It was positioned
on each tooth, aligning so that the sensor’s light beam trav-
eled from the buccal to lingual surfaces through the middle
third of the tooth crown. After 30 seconds of monitoring
each tooth, values were recorded. An oxygen saturation
reading within the range of 75-90% indicated a positive
response, while any value below 75% indicated a negative
response [11, 12, 19].

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 29.0 (IBM Corp., Armonk,
NY, USA). Data were expressed as means + standard de-
viations for continuous variables and as frequencies and
percentages for categorical data. The normality of data
distribution was assessed using the Shapiro-Wilk test. For
normally distributed data, one-way analysis of variance
(ANOVA) with Bonferroni post hoc correction was used
to compare mean values across the three tooth groups.

‘ DOI: https://doi.org/10.2298/SARH250514049K

Figure 2. Custom-made pulse oximeter dental probe

Non-normally distributed variables were analyzed using
the Kruskal-Wallis test, and pairwise comparisons were
performed using the Mann-Whitney U test with Bonferroni
adjustment (corrected significance threshold: p < 0.016).
Categorical variables were compared using the x” test.
Pearson correlation coefficients were calculated to assess
relationships between diagnostic test parameters (EPT,
PO, and LDF), with statistical significance set at p < 0.05.

Ethics: This study was approved by the local ethics com-
mittee (protocol number: 36/36).

RESULTS

The mean values of the investigated parameters for each
group of teeth are presented in Figure 3. All teeth responded
positively to CPT and HPT. When analyzing the mean
values across all patients for each of the three tests (EPT,
LDE and PO), distinct patterns emerged. For EPT, the av-
erage threshold was 17.7 + 5.4, indicating a typical level of
electrical stimulus required to provoke a sensory response
from the pulp. This reflects the overall excitability of pulpal
nerve fibers across the sample. For PO, the mean oxygen
saturation value was 80.6 £ 1.8%, suggesting consistent
readings of pulpal blood oxygen levels among participants.
Regarding LDE the mean value was 4.6 + 1.6 PU, represent-
ing the average pulpal blood flow. This measure reflects
microcirculatory activity within the pulp and serves as an
important indicator of tissue vitality. Together, these mean
values provide a reliable baseline profile for pulp sensitiv-
ity, oxygen saturation, and vascular perfusion, forming the
basis for comparisons between individual tooth groups.
Statistically significant differences were observed between
the three investigated tooth groups (central incisors, lateral
incisors, and canines) for all parameters, except for cold
and hot pain thresholds.

To identify which tooth group differed significantly, we
performed multiple pairwise comparisons. To account for
the increased risk of Type I errors due to multiple testing, we
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P<0.019

P < 0.001

EPT PO

P < 0.001

LDF

DISCUSSION

Tooth Group
mmm Central Incisor
= Lateral Incisor
== Canine

Achieving an accurate assessment of dental
pulp conditions poses a considerable chal-
lenge in clinical practice, underscoring the
need for improved tools to enhance diag-
nostic precision. To our knowledge, this
is the first study to assess and compare all
available clinical diagnostic tests for testing
pulp vitality within the same research [20].
The analysis of the mean values across dif-
ferent tooth groups revealed distinct patterns
in EPT, PO, and LDEF, while all teeth showed
positive responses to CPT and HPT.

Figure 3. The mean values of the investigated parameters for each tooth group;

SD - standard deviation; EPT - electric pulp testing; PO - pulse oximetry;
LDF - laser Doppler flowmetry

Pulp sensitivity tests (EPT, CPT, HPT)
assess the nerve response of the pulp rather
than its blood flow [20]. Because nerve tissue
is highly resistant to inflammation, it may

0.1

Electric Pulp Test Pulse Oximetry

Dental Test

Laser Doppler Flowmetry

Comparison
--- Significance Threshold (0.05)
mem Central vs Lateral Incisor

still respond even when surrounding tissues
have been degraded, leading to potential
false-positive results [19]. Our EPT results

0.5 === Central Incisor vs Canine
Lo or s Carlne showed variability among the tooth groups,
04 with canines requiring significantly higher
stimulation than central and lateral inci-
Zo3 sors, likely due to the greater pulp chamber

size [21].

To ensure stable placement of the PO sen-
sor on each tooth, a specialized dental pulse
oximeter holder was designed and fabricated
based on the model by Gopikrishna et al.
[12]. It maintained a consistent alignment
between the sensor components and the

Figure 4. Multiple comparisons between tooth groups (least significant difference test)

for electric pulp test, pulse oximetry, and laser doppler flowmetry

applied the Bonferroni correction by dividing the standard
p-value threshold (0.05) by the number of comparisons,
which was 3. Consequently, a difference was considered
statistically significant at p < 0.016. Significant differences
were found between the canine and both incisors in EPT
(p < 0.001), with no difference between the central and
lateral incisors (p = 0.563). In PO, only the central incisor
and canine differed significantly (p = 0.006). For LDE,
significant differences were seen between the central and
lateral incisors and between the lateral incisor and canine
(both p < 0.001), indicating distinct pulpal blood flow in
the lateral incisor. All pairwise comparison results for the
investigated tests (EPT, PO, and LDF) are presented in
Figure 4. The correlation analysis revealed no significant
relationships between the EPT, PO, and LDE Specifically,
the Pearson correlation between the EPT and PO was
-0.067 (p = 0.457), indicating no significant association.
Similarly, no significant correlation was found between
the EPT and LDF (r = 0.013, p = 0.891) or between PO and
LDF (r = 0.029, p = 0.751). The only statistically significant
correlation observed in the analysis was between LDF and
Doppler flow variability, which indicates that higher flow
is associated with greater variability in flow.
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tooth, ensuring a fixed path length for the
light emitted by the LED sensor and received
by the photoreceptor sensor, allowing for ac-
curate readings. The relatively low standard
deviation indicates limited variability, pointing to a stable
physiological range in pulpal oxygenation for the tested
teeth. On the other side, the obtained reference values differ
from those reported by Calil et al. [22], due to their use of
signal amplification 2.5 times higher than standard levels.

Previous research indicated that LDF is among the most
reliable methods for detecting pulp vitality, although its
routine application revealed technical challenges that must
be considered (patient head movement, interference, and
the need for custom-made probes) [20]. These may also
lead to inaccurate representations of pulp health in cases
where the pulp is diseased yet maintains a viable blood
supply [23]. The heterogeneity of blood flow within the
dental pulp [24] may further complicate the acquisition
of consistent measurements. In this study, all blood flow
measurements were standardized by positioning the probe
at least 1 mm away from the gingiva, isolating the area
with a black rubber dam, and placing the probe within
a custom-made splint. This setup aimed to enhance the
accuracy and consistency of the readings by minimizing
movement and isolating the measured area. Our results are
consistent with those obtained using the same type of probe
by Ingolfsson et al. [14]. However, significant differences
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between the central and lateral incisors, as noted by Seasano
et al. [25], can be attributed to the thicker dentin, which
impedes deep photon penetration and direct transmission
to the receiving fiber.

A key factor contributing to the differences between the
results of this and previous studies may lie in variations in
research procedures and the control of influencing factors,
such as sample size. Dastmalchi et al. [20] examined 24
pairs of teeth, Gopikrishna et al. [12] examined 80 teeth,
Karayilmaz and Kirzioglu [13] examined 59 pairs, and Janani
etal. [19] assessed only 29 teeth. On the other hand, in our
study, 150 teeth (75 pairs) have been examined, which may
account for some of the observed differences compared to
the previous investigations.

Gopikrishna et al. [10] studied patients aged 15-40
years, Calil et al. [22] examined individuals 26-38 years
old, Karayilmaz and Kirzioglu [13] focused on those aged
12-18 years, and Dastmalchi et al. [20] examined individuals
18-50 years old. Our study included patients aged 20-40
years, which is in accordance with most of the previously
mentioned studies.

The main strengths of this study include the use of a
single, calibrated operator, as well as the implementation
of duplicate measurements for all tests to minimize mea-
surement errors. All available clinical diagnostic tests were
performed on the same tooth, allowing for a comprehensive
assessment. The sample size was determined based on a pilot
study conducted within the same experimental framework.

A limitation of this study may be the restricted selection
of tooth types. Including all tooth types could improve the
study, but may complicate diagnosis due to multi-root vari-
ability in diagnosis. Future research should place greater
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SUMMARY

Introduction/Objective Effective disinfection of the root canal system is essential for successful end-
odontic treatment. This study aimed to determine the most effective final irrigation protocol.

Methods This randomized clinical trial investigated the antimicrobial efficacy of three irrigation protocols
in 30 patients with asymptomatic apical periodontitis in single-rooted teeth. The groups were: (1) 2.5%
sodium hypochlorite (NaOCl) + 17% ethylenediaminetetraacetic acid (EDTA); (2) NaOCI + EDTA + 2%
chlorhexidine (CHX); and (3) the same as Group 2 with sonic agitation (EndoActivator). Microbial samples
were collected at three intervals and analyzed using endpoint and real-time PCR targeting seven key
endodontic pathogens.

Results Group 3 demonstrated the greatest bacterial reduction across all time points, with CHX-containing
protocols significantly outperforming NaOCI + EDTA alone. Sonic activation further enhanced irrigant
efficacy, notably reducing P. gingivalis. Despite improvements, complete bacterial eradication was not
achieved, and E. faecalis and F. nucleatum remained persistent.

Conclusion While limitations in microbial sampling and profiling exist, the results underscore the impor-
tance of combining chemical agents and mechanical activation to manage complex root canal infections

effectively.

Keywords: endodontics; irrigation protocols; PCR; clinical trial

INTRODUCTION

Achieving effective infection control is the
primary objective of root canal treatment, as
bacteria play a critical role in the development
of pulpal and periapical diseases [1]. Due to
the complex anatomy of root canals, complete
bacterial elimination is nearly impossible [2].
Therefore, endodontic therapy aims to reduce
the microbial load to levels that allow periapical
healing [1]. This necessitates thorough chemo-
mechanical preparation, combining instru-
mentation with copious irrigation to remove
infected tissue and debris [2].

An ideal irrigant would lubricate instru-
ments, dissolve pulp tissue, eliminate the
smear layer, and penetrate complex canal ar-
eas — while being antimicrobial, non-toxic, and
preserving tooth structure [3]. Since no single
irrigant meets all the necessary criteria, it is
common to use combinations of irrigants to
enhance effectiveness. Sodium hypochlorite

(NaOCl) is the most common irrigant due to
its strong antimicrobial and tissue-dissolving
properties; however, it is highly toxic if extrud-
ed beyond the apex [4]. Chlorhexidine diglu-
conate (CHX), while unable to dissolve organic
tissue, offers broad-spectrum antibacterial ac-
tivity, lubrication, and lower cytotoxicity [5].
Ethylenediaminetetraacetic acid (EDTA) aids
in smear layer and inorganic debris removal but
has limited antibacterial properties [5]. When
used together, these irrigants can effectively ad-
dress each other’s limitations.

Irrigation techniques include syringe irriga-
tion, ultrasonic activation, and sonic agitation
[1]. Activation methods enhance the effec-
tiveness of irrigants, particularly in complex
anatomies, by improving smear layer removal
and bacterial reduction [1]. Newer systems em-
ploying plastic rotary instruments apply similar
principles [6].

Given the ongoing issues in the field of
Endodontology, this study aimed to determine



the most effective final irrigation protocol for reducing
bacterial presence in root canals after chemo-mechanical
preparation.

METHODS
Patient selection and eligibility criteria

A single-blinded, two-arm randomized clinical trial, in the
form of a pilot investigation, evaluated the effectiveness of
three final irrigation protocols in eliminating root canal
bacteria after chemo-mechanical preparation. One clini-
cian with three years of endodontic experience treated 30
patients (mean age 51.2), with asymptomatic apical peri-
odontitis at the Department of Dental Medicine, Faculty of
Medicine, University of Novi Sad (April-December 2022).
Patients had single-rooted teeth with necrotic pulp and
carious lesions. Exclusion criteria included prior end-
odontic treatment, periodontal pockets > 4 mm, active
orthodontic treatment, fractures, or recent antibiotic use.
Data analysis was blinded. All patients were thoroughly in-
formed about the procedures involved, and written consent
was obtained along with an assent document from every
participant in this study.

Sample collection and root canal treatment
procedures

Samples were collected under strict aseptic conditions.
After scaling and cleaning with pumice, a rubber dam was
applied, and caries or prior restorations were removed un-
der saline irrigation. The tooth was disinfected with 3%
hydrogen peroxide, followed by 2.5% sodium hypochlorite
(NaOCl) (i-dental, Siauliai, Lithuania), and then neutral-
ized with 10% sodium thiosulfate (Na,$,0,) (Centrochem,
Stara Pazova, Serbia). These steps were repeated during ac-
cess cavity preparation to prevent contamination. A sterile
paper point (Dentsply Maillefer, Ballaigues, Switzerland)
was carefully inserted without contacting canal walls [7],
left for 60 seconds, and stored in a sterile 1.5 ml tube la-
beled S1, then frozen at -20°C.

Working length was determined using an apex loca-
tor (Propex, Dentsply Maillefer, Ballaigues, Switzerland)
and radiographs. The canal was shaped with endodontic
rotary instruments (ProTaper Next, Dentsply Maillefer,
Ballaigues, Switzerland) and irrigated with 9 ml of 2.5%
NaOCI. Upon reaching the working length, one of three
randomized irrigation protocols was applied. A second
sterile paper point (S2) was inserted 1 mm short of work-
ing length for 60 seconds, then stored as described.

A sterile cotton pellet and temporary filling were placed
(Orafil-G, Prevest DenPro, Bari Brahmana, Jammu, Jammu
and Kashmir, India). After 48 hours, the tooth was dis-
infected again, and the temporary restoration removed.
Sampling was repeated (S3). The assigned irrigation pro-
tocol was reapplied, the canal dried, and calcium hydroxide
medication placed (i-CAL, i-dental, Siauliai, Lithuania).

Srp Arh Celok Lek. 2025 Jul-Aug;153(7-8):

Ten days later, if asymptomatic, the medication was
removed and the canal obturated with gutta-percha and
sealer. If symptoms persisted, the procedure was repeated. A
permanent filling was placed 24 hours post-obturation [8].

Irrigation protocols

All irrigation protocols were performed using 5 mL Luer-
lock syringes and closed-ended endodontic needles (i-
TIPS, i-dental, Siauliai, Lithuania), and included sterile
saline irrigation between irrigants, to prevent mixing of
different irrigants and subsequent chemical reactions be-
tween them.

Group 1 (NaOCl, EDTA): During treatment, the root
canal was rinsed with 9 ml total amount of 2.5% NaOCL
Upon treatment completion, the canal was rinsed with
6 mL of 2.5% NaOCl and 3 ml of 17% EDTA (Cerkamed,
Stalowa Wola, Poland), alternately applying 2 mL of
NaOCl and 1 mL of EDTA, until the entire amount of
both irrigants was consumed. Next, 1 mL of 5% Na,S O,
(Centrochem, Stara Pazova, Serbia) was added to the canal
to inactivate the remaining NaOCL

Group 2 (NaOCl, EDTA, CHX): The previously ex-
plained irrigation protocol (Group 1) is enriched with the
application of a 2% chlorhexidine (CHX) solution. The
irrigation commenced with a combination of 6 ml of 2%
CHX (Cerkamed, Stalowa Wola, Poland) and 3 ml of 17%
EDTA, alternately applying 2 ml of CHX and 1 ml of EDTA
until both irrigants were consumed. Finally, the canal was
flushed with 1 ml of 10% Na,S,0O, to inactivate the remain-
ing amount of CHX.

Group 3 (NaOCl, EDTA, CHX + endoactivation):
Same as Group 2, but with sonic activation using the
Endoactivator® (Dentsply Sirona, Charlotte, NC, USA)
(30 seconds per irrigant). Activation enhanced irrigant
efficacy. Tip size matched prepared canal diameter, one
size smaller, operating at 2-3 kHz [9].

Polymerase chain reaction (PCR) analyses

The collected intracanal fluid samples (S1-S3) were
used for qualitative and quantitative analysis of the bac-
terial communities present in the root canal system.
Bacterial DNA was extracted by heating the samples in
300 pl of 50 mM NaOH solution in a thermoblock (Biosan
TS100C, Riga, Latvia) at 95°C for 5 minutes. After heat-
ing, 30 pl of a 1 M tris-(hydroxymethyl)-aminomethane
hydrochloride (Tris-HCI) solution (pH 8) was added to the
samples to stabilize and preserve the isolated DNA mol-
ecules. Isolated DNA samples were stored at -20°C until
further analyses [10].

A qualitative analysis of the bacterial composition
of the root canal system was performed using the end-
point PCR method with specific primers, allowing parts
of the DNA molecule that are specific for each tested
bacterium to be multiplied (Figure 1). The presence of
the following bacteria was assessed: Aggregatibacter
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Figure 1. Experimental flow chart: A) sampling; B) DNA extraction; C) DNA amplification and visualization

Table 1. Primers used for PCR and their product sizes

Real-time PCR was used for the quan-

actinomycetemcomitans Rv ATTTCACACCTCACTTAAAGGT

. ) o Product titative analysis of the bacterial communi-
Species Sequence (5-3') . . . .

size (bp) | ties present in the root canal system. This

Aggregatibacter Fwd GCTAATACCGCGTAGAGTCGG 500 method relies on fluorescence detection

Fwd AGGCAGCTTGCCATACTGCG

Porphyromonas gingivalis Rv ACTGTTAGCAACTACCGATGT

and requires primers specific for highly

Fwd GCTGCAGCTCAACTGTAGTC

Porphyromonas endodontalis Rv CCGCTTCATGTCACCATGTC

Prevotellaintermedia Rv CCGCTTTACTCCCCAACAAA

Fwd CGTGGACCAAAGATTCATCGGTGGA

Fwd ATGGTGGCTAAAAATTATAGT

Fusobacterium nucleatum Rv ACCCTCACTTTGAGGATTATA

404 conserved regions of the 16S ribosomal
DNA of bacteria. The components of the
665 reaction mixture were as follows: two mi-
259 croliters of bacterial sample, 10 pl of PCR
master mix (Luna® Universal gPCR Master
1000 Mix 2X, New England Biolabs, Ipswich,

Fwd AGAGTTTGATCCTGGGCTCAG

Parvimonas micra Rv ATATCATGCGATTCTGTGGTCTC

MA, USA), 1 ul of forward and reverse
207 primer (final concentration in solution for

Fwd TACTGACAAACCATTCATGATG

Enterococcus faecalis Rv AACTTCGTCACCAACGCGAAC

each primer was 250 nM) and ultra-pure

112 .
nuclease-free water up to 20 pl in total. The

actinomycetemcomitans (Aa), Porphyromonas gingivalis
(Pg), Porphyromonas endodontalis (Pe), Prevotella inter-
media (Pi), Fusobacterium nucleatum (Fn), Parvimonas
micra (Pm), and Enterococcus faecalis (Ef). Five microli-
ters of bacterial DNA were resuspended in 20 pl of aque-
ous mixture containing 1X PCR buffer, 2.5 mM MgCl,,
0.2 mM dNTPs, 1 U of DNA polymerase (all products
from Thermo Fisher Scientific™, Waltham, MA, USA) and
0.2 uM of specific primers and used for DNA amplifica-
tion in a thermal cycler (PeqSTAR 2X°, Peqlab, Erlangen,
Germany). The PCR started with an initial denaturation
step (95°C for 3 minutes) followed by 35 cycles of denatur-
ation (95°C for 45 seconds), annealing (55°C for 1 minute)
and elongation (72°C for 1 min), and a final elongation
step (72°C for 5 minutes). PCR products were separated on
a polyacrylamide gel using a vertical electrophoresis system
(PerfectBlue™ Twin S system, Peqlab, Erlangen, Germany)
and visualized by staining with a 1% ethidium bromide
solution on a UV transilluminator (TCX-15 MX®, Vilber
Lourmat, Collégien, France). The list of primer sequences
and sizes of PCR products is given in Table 1.
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sequences of the forward and reverse prim-

ers were TCCTACGGGAGCACAGT and
GGACTACCAGGGTATCTAATCCTGTT, respectively.
A reaction was performed on a fluorescence detection
system (Line Gene-K fluorescence PCR detection system,
BIOER Technology, Shanghai, China) under the follow-
ing conditions: initial denaturation (95°C for 5 minutes),
35 cycles of denaturation (95°C for 1 minute), annealing
(55°C for 1 minute) and elongation (72°C for 1.5 min),
and a final elongation step (72°C for 5 min). A standard
curve, generated from seven (1:10) serial dilutions of DNA
samples of the reference bacterial strain Prevotella mela-
ninogenica ATCC 25845 (Microbiologics KWIK-STIK,
Manassas, VA, USA), was used for extrapolation of the
total gene copy number (total bacterial count) [11].

Statistical analysis

Categorical data were presented as absolute numbers;
numerical data as means, standard deviations, medi-
ans, and ranges. The x* test compared bacterial species

frequency across protocols at different time points. The
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Table 2. Prevalence of bacteria in each group at different time points RESULTS
) Irrigation Irrigation Irrigation
Time | o eria | Protocol1: | Frotocol2: Protocol 3: o At the initial measurement, no statistically signifi-
point NaOCl + EDTA | _ NaOCI+ | NaOCl +EDTA + cant differences were found among the three ir-
EDTA + CHX | CHX + activation
Aa 1(12.5%) 1(9.1%) 1(9.1%) 0.963 rigation protocols regarding bacterial prevalence.
Pg 0(0%) 2 (18.2%) 4(36.4%) 0.145 Aggregatibacter actinomycetemcomitans (Aa) was
n 0 (0%) 5 (45.5%) 4(36.4%) 0,087 detected in one case per group. Porphyromonas gin-
fg Pe 3(37.5%) 2(18.2%) 3(27.3%) 0.642 givalis (Pg) and Fusobacterium nucleatum (Fn) were
Ef 4 (50%) 6 (54.5%) 6 (54.5%) 0976 absent in the first protocol (NaOCI + EDTA). In the
Pm 2 (25%) 5 (45.5%) 1(9.1%) 0.155 second pl’OtOCOl (NaOCl + EDTA + CHX), Pg ap-
pi 0 (0%) 0(0%) 0(0%) N/A peared in 18.2% and Fn in 45.5% of cases. The third
Aa 0 (0%) 1(9.1%) 1(9.1%) 0.677 protocol (NaOCl + EDTA + CHX + activation)
Pg 1(12.5%) 1(9.1%) 0 (0%) 0515 showed both Pgand Fr in 36.4% of cases. Prevotella
© Fn 1(12.5%) 1(9.1%) 3(27.3%) 0.485 intermedia (Pe) was most prevalent in the first
o Pe 1(12.5%) 0 (0%) 1(9.1%) 0.515 group (37.5%), followed by 18.2% and 27.3% in the
A Ef 6 (75%) 8 (72.7%) 6 (54.5%) 0.560 second and third groups, respectively. Enterococcus
Pm 2 (25%) 1(9.1%) 1(9.1%) 0.526 faecalis (Ef) was the most frequently isolated bac-
Pi 0 (0%) 0 (0%) 0 (0%) N/A teria: 50% in the first group and 54.5% in both the
Aa 2 (25%) 1(9.1%) 1(9.1%) 0.526 second and third. Parvimonas micra (Pm) was most
Pg 0 (0%) 1(9.1%) 0 (0%) 0.409 common in the second group (45.5%), with 25% in
5 Fn 3 (37.5%) 5 (45.5%) 5 (45.5%) 0.927 the first and 9.1% in the third. Pi was absent at this
;_E Pe 1(12.5%) 0 (0%) 1(9.1%) 0.515 time but was detected in 25% of cases in the first
Ef 4(50%) 6 (54.5%) 4(36:4%) 0677 group during the third time point.
Pm 1(12.5%) 1(9.1%) 2(18.2%) 0819 During the second measurement, no signifi-
Pi 2(25%) 0(0%) 0(0%) 0.053 cant intergroup differences were observed. Aa was

EDTA - ethylenediaminetetraacetic acid; CHX - chlorhexidine; Aa - Aggregatibacter
actinomycetemcomitans; Pg — Porphyromonas gingivalis; Pe — Porphyromonas endodontalis;
Fusobacterium nucleatum; Pm — Parvimonas micra;

Pi - Prevotella intermedia; Fn -
Ef - Enterococcus faecalis

absent in the first group and present in one case
in both the second and third. Pg appeared in one
case each in the first and second groups. Fn had its

1x10°
1x108
1x107
1x10°
1x105
1x10%
1x10°
1x102
1x10°
1x10°

Bacterial load (gene copy number)

Protocol 2

Protocol 1

@ First @ Second @ Third

Protocol 3

highest prevalence (27.3%) in the third group.
Ef increased in the first group to 75% and was
found in 72.7% of cases in the second group,
while remaining unchanged in the third. Pm
prevalence stayed the same in the first and third
groups but dropped significantly in the second
(45.5-9.1%). Pi was not detected.

In the third measurement, bacterial preva-
lence again showed no statistically significant dif-
ferences between groups. Aa was found in 25%
of cases in the first group but unchanged in the
other groups. Pg was absent in the first and third
groups but stable in the second. Fn increased
across all protocols compared to the second pe-
riod, notably 37.5% in the first group. Pe levels

Figure 2. Total bacterial load (gene copy number) in different study groups as-

sessed by real-time PCR;
*statistically significant (p < 0.05)

Kruskal-Wallis test assessed total bacterial counts between
protocols within each period. The Friedman test analyzed
bacterial count changes over time within protocols; if sig-
nificant, the Wilcoxon test was used for pairwise compari-
sons. A p-value < 0.05 indicated statistical significance.
Data analysis was performed using IBM SPSS Statistics,
Version 28.0 (IBM Corp., Armonk, NY, USA).

Ethics: The study received ethical approval from the
Faculty of Medicine, University of Novi Sad (01-39/183/1,
2022).
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remained stable between the second and third
periods. Ef decreased in the third period, returning
to levels seen initially, with a notable drop in the
activation group (54.5-36.4%). Pm prevalence fell
in the first group (25-12.5%), remained unchanged
in the second, and rose in the third group to 18.2%.
Pi was again found only in the first group (25%) (Table 2).

Overall, there were no statistically significant differenc-
es in total bacterial counts between protocols at any time
point. Intra-group analysis showed significant reductions
in bacterial counts from the first to second and first to third
measurements in the second and third protocols. However,
no significant changes occurred between the second and
third periods in either group. Despite a rise in bacterial
counts after the second measurement, the final levels re-
mained significantly lower than at baseline (Figure 2).
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DISCUSSION

Biofilms are resilient bacterial communities embedded in
a matrix that protects them from host defenses and envi-
ronmental stressors. Their ability to persist in root canals
poses significant challenges during endodontic treatment.
This study evaluated three irrigation protocols for biofilm
elimination: (1) NaOCl with EDTA, (2) NaOCl with EDTA
and CHX, and (3) NaOCI with EDTA and CHX with sonic
agitation. Although no statistically significant differences
were found among the protocols regarding bacterial preva-
lence, the second and third protocols reduced the total
bacterial load more effectively. The analysis confirmed the
presence of an intracanal microbial community character-
istically associated with endodontic environments [12].
However, their prevalence remained largely unchanged
under the irrigation protocols applied, confirming the
strong resilience due to numerous virulence factors they
possess [13].

Despite intervention, key pathogens including E. faecalis
remained prevalent due to factors such as deep dentinal
tubule invasion, biofilm maturity, and dentin demineraliza-
tion, which can mineralize the matrix and reduce irriga-
tion efficacy [14]. E. faecalis, a well-known endodontic
pathogen [15], resists NaOCl and CHX in biofilms even
though both irrigants are highly effective in suspension.
High concentrations of NaOCI (5.25%) can eliminate E.
faecalis rapidly in planktonic form, while CHX at 2% is
comparably effective but requires longer contact in bio-
films [16].

Combined NaOCl and CHX solutions demonstrated
enhanced antimicrobial activity in suspension, but little
is known about their synergistic impact on biofilms. In
ex vivo models, E. faecalis penetrates dentin deeply, be-
yond the reach of conventional irrigants [17]. Agitation
increases irrigant penetration, but may also drive bacteria
further into tubules [18]. EDTA, though helpful in smear
layer removal, has minimal antimicrobial action against
E. faecalis [19].

Clinical studies report inconsistent E. faecalis preva-
lence, ranging from 14% to 92% [20]. Our study found a
53% initial prevalence. Notably, in groups 1 and 2, preva-
lence increased post-treatment, likely due to bacterial
release from tubules during instrumentation [21]. This
aligns with other studies showing recolonization even after
confirmed eradication [20]. Group 3, with sonic activation,
showed an 18% reduction after 48 hours, but differences
between protocols were not statistically significant. This
result aligns with findings from Brito et al., who reported
comparable reductions in E. faecalis when comparing con-
ventional irrigation to endo-activated methods [22].

E nucleatum was the second most common species
identified. Known for bridging oral biofilms and resisting
environmental stress, its eradication is difficult. Found in
30% of initial samples, its prevalence was lower than in
some literature, possibly due to antagonism with E. faecalis
[23]. Although NaOCl and CHX reduce E nucleatum in
biofilms, complete eradication remains elusive, potentially
due to buffering by tissue fluids or irrigant inactivation

‘ DOI: https://doi.org/10.2298/SARH250622054I
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upon dentin contact. Its resurgence post-treatment may
reflect recolonization [24].

P. endodontalis, another Gram-negative anaerobe, was
present in 26.6% of cases — comparable to prior studies
[25]. Post-treatment, its prevalence dropped significantly
or was undetectable, with no further change after 48 hours,
indicating good responsiveness to the protocols used.

P. gingivalis, a major oral and systemic pathogen,
showed 20% prevalence. In protocol 3 (with sonic activa-
tion), it was completely undetectable after treatment, sug-
gesting sonic agitation may help eliminate this species. In
groups 1 and 2, prevalence decreased but persisted.

P intermedia was undetectable initially and post-treat-
ment across all protocols but emerged in group 1 after 48
hours. This reappearance may indicate recolonization due
to instrumentation displacing bacteria [23, 24].

The grouping of P. endodontalis, P. gingivalis, and P. in-
termedia is common due to similar antimicrobial sensitiv-
ity. In previous in vivo studies, both NaOCl and CHX sig-
nificantly reduced these species, though CHX was slightly
less effective [26]. Differences with our findings may result
from varying concentrations and exposure times.

P, micra, an anaerobic Gram-positive bacterium, ap-
peared in 23% of patients. Its reduction was most notable
in group 2, suggesting greater CHX sensitivity. Literature
supports this, indicating CHX produces a larger inhibition
zone for P. micra than NaOCl [27].

A. actinomycetemcomitans was rare (10%) and inconsis-
tently affected by irrigation. It reappeared post-treatment
in group 1 but remained stable in groups 2 and 3. This
pathogen is often found in periodontal infections and has
limited interaction with other biofilm species.

Regarding overall bacterial load, protocols 2 and 3
showed significant reductions immediately post-treatment,
with further reductions at the 48-hour mark. In contrast,
protocol 1 showed possible recolonization. This suggests
CHX’s prolonged antimicrobial activity and the potential
benefit of agitation [28].

While traditional syringe irrigation with NaOCI or
CHX effectively reduces bacterial load, several studies,
including ours, suggest CHX may offer superior bacterial
reduction due to its substantivity and prolonged effect.
Some ex vivo studies also indicate that sonic agitation en-
hances NaOClI effectiveness, particularly in lateral canal
areas where bacteria persist [29]. However, results remain
mixed, and other studies found no difference between con-
ventional and sonic irrigation [30]. Our findings suggest
agitation does not consistently outperform manual irri-
gation in clinical settings. Nonetheless, enhanced perfor-
mance may be achieved by optimizing irrigant chemistry,
oscillation frequency, and duration, particularly in com-
plex canal systems.

Several study limitations should be noted. Firstly, sam-
pling precision in vivo is constrained by root canal anatomy
and the use of paper points, which may not reflect the
true microbial composition. Additionally, bacteria re-
siding deep in dentin cannot be accessed without more
advanced, often impractical techniques. Secondly, sonic
activation loses effectiveness when files contact the canal
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walls. Thirdly, real-time PCR, while sensitive, only detects
specific bacteria and total counts, limiting full microbiome
characterization. Finally, ethical constraints precluded the
use of negative controls like saline, which are standard in
controlled experimental designs.

CONCLUSION

Traditional irrigants like NaOCl and CHX, whether used
alone or combined, reduce bacterial prevalence but fail to
achieve complete eradication. E. faecalis and E nucleatum
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KAuHMuKa epUKACHOCT pa3nMumMTUX MPUraLLUMOHUX NPOTOKONA Kog 3yba ca
XPOHUYHUM anNUKaNHUM NEPUOLOHTUTUCOM: PaHLOMMU30BAHO KIMHMUKO

ncnutueame — HMHOT-CTYAMja

KaTapuHa MBe3nh', bowko Tosbuh?3, KatapuHa berbuh-Banosuh*, Anekcanaap Jakosmbesuh®?, brsbaHa Munnumht,
Ema Kpyosuh Jlasuh*#, iean Apcuh’, Henap Hegemkosuh’, MunaH [lpo6ayy’

'YHuBep3utet y HoBom Caply, MeguumHcku dakyntet, Kategpa 3a aeHtanHy meguuuty, Hosu Cag, Cpbuja;

2YHuBep3uTeT y beorpagy, CromatonoLukm akyntet, Kategpa 3a onwty v opanHy ¢pusnonorujy, beorpag, Cpbuja;

3YHuBep3uTet y Beorpapy, CromatonoLukm pakyntet, IMnnaHToNoLWKM NCTpaxmuBaykm LieHTap, HayuHe nabopatopuje, Beorpag, Cpbuja;
*YHnBep3uTeT y beorpagy, Cromatonowku pakyntet, KnuHuka 3a 6onectu 3yba 1 eHgogoHuujy, beorpag, Cpbuja;

SYHuBep3uTeT y beorpagy, CromatonoLukm dakyntet, Kategpa 3a natodusnonorujy, beorpag, Cpbuja;

YHuBep3uTeT y Beorpapy, CromatonoLuku paxyntet, Kategpa 3a 6uocTtatnctuky n uHpopmatuky, beorpag, Cpbuja;

’Ynusep3utet y beorpapy, Cromatonowku dakyntet, KnuHuka 3a optogoHuujy, beorpag, Cpbuja

CAXETAK

YBog/Lum EdrkacHa fesnHbekuyja cuctema KaHana KopeHa
KJbyUHa je 3a ycrellaH eHAOAOHTCKM TpeTmaH. Linmb oBe cTy-
avje 6uo je fa ce yTBpAN HajedUKaCHUjU KOHAUHN MPOTOKO
ncnmpara KaHasna KopeHa 3y6a.

Metope Y 0BOM paHAOMM30BaHOM KAVHUYKOM UCMUTUBAHY
VCMUTUBAHA je aHTUMIKPOOHa eprKACHOCT TpW pa3nnyuTa npu-
raymoHa npotokosa Kog 30 naumjeHaTta ca aCMMNTOMATCKUM
anvikanHYM NepuofoHTUTCOM jefHOKOpeHmX 3y6a. [pyne cy
6une cnepehe: (1) 2,5% Hatpujym-xunoxnoput (NaOCl) + 17%
EDTA; (2) NaOCl + EDTA + 2% xnopxekcuguH (CHX); u (3) ucto
Kao rpyna 2, y3 gogatak CoHU4He akTusauuje (EndoActivator).
MWUKpO6HM y30pLK Cy NPUKYN/bEHN y TPV Gpa3e 1 aHaNN3NPaHK
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nomohy PCR meToge (KnacuuHe u real-time) ca Luubem geTek-
Lmje cefiam KIbyYHUX EHAOJOHTCKMX NaToreHa.

Pesyntatu pyna 3 je noka3sana Hajsehe cMarberbe 6akTepujckor
nprcycTea y ceum dbazama, AOK Cy MpoTokonu ca CHX 61nm 3Ha-
yajHo edyKacHuju of KombrHaumje NaOCl+ EDTA. CoHMYHa akTu-
BaLWja AoAaTHO je nobosbluana AenoBatbe npuraHaca, nocebHo
npotus P, gingivalis. inak, notTnyHa epagukauuja 6aktepuja Huje
nocTurHyTa, a E. faecalis v F. nucleatum cy octanu nep3vcTeHTHW.
3aksbyuak Pe3yntaTu ykasyjy Ha 3Hauaj KoOMOUHaLuje xeMuj-
CKMX areHaca 1 MexaHu4Ke akTueauuje y aeanHdeKLuji Kom-
MNEKCHUX CUCcTemMa KaHana.

KmbyuHe peun: eHgofnoHuvja; npoTtokonu upurauuje; PCR; knu-
HMYKa CTyanja
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SUMMARY

Introduction/Objective IgA multiple myeloma has a poor prognosis, and altered glycosylation of my-
eloma IgA may be one of contributing factors. This study examined the expression of terminal galactose
and sialic acid (SA) on serum IgA oligosaccharides in patients with IgA myeloma, compared to healthy
control sera.

Methods Serum samples from 15 IgA myeloma patients and pooled serum from 100 healthy donors
were analyzed. IgA was purified using peptide M affinity chromatography. Terminal galactose and SA
expression on isolated IgA was analyzed by Ricinus communis agglutinin | and Sambucus nigra agglutinin
lectin blotting.

Results IgA-heavy chains from both healthy individuals and all myeloma patients expressed galactose.
SA was present in healthy control and in 14 out of 15 myeloma patients. Compared to controls, myeloma
IgA showed 12-63% a reduction in galactose and a 67-97% reduction in SA expression on heavy chains.
Notable galactosylation of IgA-light chains was observed in only three, while weak SA expression was
seen in 14 myeloma cases. Healthy IgA was predominantly monomeric and expressed both galactose
and SA. Myeloma IgA existed in both and polymeric forms expressing detectable galactose level, though
with different expression levels among individuals. At the same time, SA was undetectable.
Conclusion The results of this study showed altered glycosylation of myeloma IgA. Compared to healthy
control, myeloma IgA-heavy chains expressed reduced terminal galactose and SA. Notable galactosylation
of light chains was observed in three cases. Unlike SA, galactose was detectable on intact monomeric

and polymeric multiple myeloma IgA.

Keywords: multiple myeloma; IgA; glycosylation; sialic acid; galactose

INTRODUCTION

Multiple myeloma is an immunoproliferative
disease characterized by the accumulation of
malignant plasma cells in the bone marrow.
The presence and the level of monoclonal
immunoglobulins, known as M-proteins or
paraproteins, in serum and urine are related
to the outcome of patients with myeloma. IgA
paraprotein occurs in up to 20% of myeloma
cases [1]. Although IgA myeloma is rarer than
IgG, the clinical course is more aggressive with
a prognostically less favorable outcome com-
pared to IgG isotype [1].

Immunoglobulins are glycoproteins, and
the presence of oligosaccharides of fragment
crystallizable region (Fc region) is essential
in regulating the immune response [2]. IgA is
one of the most heavily glycosylated antibodies.
Unlike IgG, which possesses a single conserved
N-glycosylation site, IgA is characterized by
multiple N-glycosylation sites. Additionally,
IgA1 possesses nine potential O-glycosylation
sites located in its hinge region. To date, 16
N-linked glycan structures on IgA, exhibiting
significant heterogeneity due to variations in

terminal galactose and sialic acid content, have
been identified [3, 4].

The IgA glycans have been shown to have a
significant effect on its immune function [5].
Paraproteins may have an altered carbohydrate
profile compared to normal serum immuno-
globulins of the same isotype. Renfrow et al.
[5, 6] showed that the decrease in galactose
content of IgA1 subclass myeloma is the result
of aberrant galactosylation of O-linked glycans
in the hinge region. Additionally, Bosseboeuf
et al. [7] showed that sialic acid expression
in myeloma IgA was reduced compared to
healthy individuals. However, the location of
sialylated oligosaccharides on IgA molecules
was not analyzed in this study. Some of the
complications in IgA myeloma may be linked
to the structural characteristics of monoclonal
IgA, including the expression of glycans on
their a-heavy chains of both monomeric and
polymeric forms of IgA. Given the importance
of pathogenic potential of immunoglobulin gly-
cans, the primary aim of the study was to assess
the expression of terminal galactose and sialic
acid on heavy and light chains of IgA molecules
isolated from sera of multiple myeloma patients
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and to compare it with the expression of these monosac-
charides on IgA from healthy individuals.

METHODS
Serum samples

Pooled serum samples of 100 healthy blood donors from
the Institute of Transfusion and Haemobiology, Military
Medical Academy were used in this study. Ethical ap-
proval (No. 17/2020) was granted by the Military Medical
Academy Ethics Committee. Serum from 15 individuals
with multiple myeloma (C90.0 - myeloma multiplex) was
used with ethical approval (No. 213/23) from the Institute
for Blood Transfusion of Serbia Ethics Committee.

Paraprotein detection and the isotype analysis

Serum samples from multiple myeloma patients were
analyzed during diagnostics at the Institute for Blood
Transfusion of Serbia. The presence of paraproteins was
confirmed by serum protein agarose gel electrophoresis
and immunochemically identified by immunoelectropho-
resis [8, 9]. The concentrations of IgG, IgA, and IgM in
myeloma sera were determined by immunonephelometry
on the Siemens BN ProSpec System (Siemens Healthineers,
Erlangen, Germany) analyzer. The subclass of IgA para-
proteins was determined by dot blot at the Institute for
Medical Research [10].

Isolation of IgA

Myeloma patients and healthy donors’ serum IgA was iso-
lated by affinity chromatography on peptide M agarose
(InvivoGen, San Diego, CA, USA) [11]. Chromatography
was performed according to the manufacturer’s instruc-
tion. Protein concentration was determined with the
NanoPhotometer P-330 (Implen GmbH, Miinchen,
Germany).

Western and lectin blot

Vertical sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE), under both non-reducing and
reducing conditions of 0.5 pg isolated IgA was performed
on a SE 260 Mighty Small II Vertical Unit (Hoefer Inc.,
Holliston, MA, USA) [12]. Proteins on gels were visual-
ized by Coomassie brilliant blue staining or transferred to
nitrocellulose membrane using a semi-wet transfer method
(Hoefer TE70X, Hoefer Inc.). The transfer efficacy was
verified by Ponceau § staining.

Polyclonal goat anti-human IgA antibodies conjugated
with peroxidase (Boster Biological Technology Co. Ltd,
Pleasanton, CA, USA) were used to detect affinity-isolated
IgA. Galactose and sialic acid expression on IgA molecules

‘ DOI: https://doi.org/10.2298/SARH250408057K
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were examined by lectin blotting with Ricinus communis
agglutinin I (RCA I) and Sambucus nigra agglutinin (SNA)
both purchased from Vector Laboratories Inc., Newark,
CA, USA.

Nitrocellulose membranes were incubated in 3% bo-
vine serum albumin in Tris-buffered saline-Tween to block
nonspecific binding. For Western blotting, the membranes
were incubated with 10,000 x diluted anti-human IgA an-
tibody. After the washing with Tris-buffered saline-Tween,
the bands were visualized by chemiluminescence and im-
aged with ChemiDoc 2.0 (Bio-Rad Laboratories, Hercules,
CA, USA). For lectin blotting, membranes were incubated
with RCA T or SNA lectins (1 pg/ml and 2.5 pg/ml, re-
spectively), followed by incubation with 1000-time diluted
avidin-peroxidase (Vector Laboratories). The chemilumi-
nescence intensity from both western and lectin blotting
was quantified with Image Master Total Lab software (GE
HealthCare, Chicago, IL, USA).

Sugar specificity of RCA I or SNA lectins was confirmed
by inhibitory dot blot in the presence of 200 mM galactose
and 400 mM N-acetylneuraminic acid (sialic acid). The
concentration of inhibitory sugars was recommended by
the manufacturer (Vector Laboratories).

Ethics: The investigations were approved by the
the Military Medical Academy Ethics Committee (No.
17/2020) and the Institute for Blood Transfusion of Serbia
Ethics Committee (No. 213/23)

RESULTS

Expression of galactose and sialic acid on total IgA
isolated from the serum of healthy individuals

In this study, we first analyzed glycosylation of IgA isolated
from a pooled serum sample of 100 healthy individuals, us-
ing affinity chromatography on peptide agarose M. Given
the significant heterogeneity of immunoglobulin molecules
and substantial individual variations in glycan expression
on them [2, 3], this analysis of pooled serum samples
provides more reliable information about the structure
of immunoglobulin molecules in a particular population
and minimizes physiological variations that may arise in
a small subset of healthy individuals.

Following SDS-PAGE under non-reducing conditions,
we observed a 160 kDa anti-human IgA antibody reactive
protein, corresponding to IgA monomer (Figure 1.A1-A2).
After SDS-PAGE under reducing conditions, proteins of
60 kDa and 25 kDa, corresponding to IgA a-heavy and
light chains, were detected (Figure 1.B1). The presence of
IgA a-heavy chain was confirmed by Western blot with
anti-human IgA antibodies (Figure 1.B2).

The lectin blotting showed that isolated IgA monomer
expressed both galactose and sialic acid (Figure 1.A3-A4),
with expression primarily localized on the a-heavy chains
(Figure 1.B3-B4). The expression of these two sugars on
proteins corresponding to IgA-light chains was detectable,
but weak. Besides IgA, “additional” RCA I or SNA reactive
glycoproteins were detected in healthy human serum IgA

Srp Arh Celok Lek. 2025 Jul-Aug;153(7-8):343-349
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Figure 1. Expression of galactose and sialic acid on IgA from pooled healthy human serum; sodium dodecyl sulfate polyacrylamide gel electro-
phoresis under non-reducing (A1) or reducing conditions (B1); Western blot with anti-human IgA antibody (A2 and B2); lectin blot with galactose
(Gal) specific Ricinus communis agglutinin | (RCA 1) (A3 and B3); lectin blot with sialic acid (SA) specific Sambucus nigra agglutinin (SNA) (A4 and
B4); M — molecular weight protein markers. Ha — IgA-heavy chains, L - IgA-light chains

Table 1. Paraprotein isotype, and demographic and clinical data of individuals with IgA

multiple myeloma

with confirmed IgA paraproteins. The
patients” age, serum concentrations of f2-

Sample Paraprotein | Age | Gender B(iml/cl_r)o (Ig/ﬁ) (Ig/'\f) (Ig/f) K/\ microglobulin, total serum IgA, IgM, and
g g g g IgG, and the ratio of k- and A-light chains
1 migA1 k 70 M 244 4440 | 0.38 2.72 | 40.80 . . .
are given in Table 1. The concentration of
2 migA1 K 50 M 5.92 63.10 | <0.18 | 1.61 0.02
IgA represents the sum of the concentra-
3 migA1 K 76 M 3.20 882 | <0.18 | 472 | 833 . . .
e tions of IgA paraproteins (i.e., monoclo-
4 K +§|<]LC 67 F 193 | 1890 | <0.18 | 484 | 11.60 |  nal IgA) and residual polyclonal IgA. All
5 |migATk 81| F 128 | 199 | 029 | 1280 | 210 | 15 IgA paraproteins belonged to the IgA1
6 | migAlA 88| M | 265 | 396 | 217 | 720 | 084 | subclass.
7 migA1 K 88 | M 702 | 479 | <018 264 | 621 We analyzed total, polyclonal and
8 |migAlk 81 | F 353 2070 | 027 | 596 |11.00| monoclonal, IgA molecules isolated by
9 migAT A 73| M 166 | 1020 | 038 | 6.02 | 036 affinity chromatography from the serum
10 migA1 k+kLC | 69 F 3.64 | 3440 | <0.18 | 7.76 | 6.60 of individuals with IgA multiple myeloma.
11 migA1 k 80 M 348 | 1290 | 044 | 619 | 9.52 Additional purification steps to separate
12 migA1 k+kLC| 81 F 749 | 2520 | <0.18| 525 |1200| monoclonal from most of residual poly-
13 migA1 k 86 | M 770 | 3170 | 044 | 23.00 | 5.60 clonal IgA molecules were not performed.
14 migAl A 52 F 885 | 720 | 131 | 1020 | 1.32 SDS-PAGE under reducing conditions
15 migAl A 85 F 249 | 504 | 179 | 669 | 074 confirmed the presence of two protein
(Q1 -25%) 69 249 | 504 | 017 | 472 | 0.84 bands of 60 kDa and 25 kDa, corresponded
Median 80 3.53 1290 | 0.29 6.02 | 6.21 to IgA_heaV'y and hght chains (Figure 2A)
(@3 -75%) 85 749 | 3170 | 044 | 776 |11.00 |  Western blot confirmed the fraction of 60
Reference | Min 0.70 0.86 0.29 6.22 | 0.26 kDa as IgA—heavy chain (Figure 2B), and
Values [17] | Max 1.80 469 | 260 | 1510 | 1.65 RCA I lectin blotting showed strong reac-

M - male; F - female; LC - free light chains; Q1 - the first quartile, indicating the lower range (25%)
of the distribution for the analyzed parameters; Q3 - the third quartile, 75% of the values observed
are below this value; B2micro — B2-microglobulin; k/A — kappa/lambda light chain ratio

isolate (Figure 1 A3 and Figure 1 B2-B4). These proteins,
which might represent serum proteins in complexes with
IgA or nonspecifically bound proteins, were nor further
analyzed.

Expression of galactose and sialic acid on total IgA
isolated from the serum of individuals with IgA
multiple myeloma

We analyzed galactose and sialic acid expression on IgA
molecules isolated from 15 myeloma serum samples

Srp Arh Celok Lek. 2025 Jul-Aug;153(7-8):343-349

tion with these heavy chains (Figure 2C).
Conversely, SNA reaction, i.e., sialic acid
expression, was weak and detected in 14
out of 15 isolates (Figure 2D). Light chains reacted strongly
with RCA T'in only three out of 15 isolated IgA, indicating
that the expression of terminal galactose on 12 remain-
ing IgA-light chains was below the detection limit of the
method applied in our study. The results of the lectin blot-
ting performed with SNA showed low, but detectable level
of sialic acid on heavy chains in 14 and on light chains in
14 out of 15 IgA isolates. The specify of RCA I and SNA
was tested with an inhibitory dot-blot (Figure 3), confirm-
ing that the observed RCA T and SNA reactivity originate
from binding to terminal galactose and sialic acid on IgA
oligosaccharides.
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In contrast to IgA from pooled serum of healthy
individuals (Figure 1.A1), sera from individuals
with multiple myeloma were separated into two or
more fractions after SDS-PAGE under non-reduc-
ing conditions, one with a molecular weight of 160
kDa, and other(s) with higher molecular weights
(Figure 5). RCA I lectin blotting demonstrated that
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IgA
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both monomeric and polymeric forms of myeloma
IgA expressed galactose. The intensity of expression
varies depending on the sample (Figure 4C and
4D). Sialic acid expression on either monomeric
or polymeric forms of myeloma IgA was below the
detection limit of SNA lectin blot performed after
SDS-PAGE under non-reducing conditions.

DISCUSSION

H
L

We analyzed the expression of galactose and sialic
acid on IgA molecules from 15 serum samples of
myeloma patients with IgA paraproteins, all of
which were of IgA1 subclass. The frequency of IgA2
paraproteins is lower than expected based on their

Figure 2. Expression of galactose (Gal) and sialic acid (SA) on light and heavy
chains of total IgA isolated from the serum of individuals with IgA multiple
myeloma; A - non-reducing sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis; B - Western blot performed with anti-human IgA antibody; C -
lectin blots performed with Gal specific Ricinus communis agglutinin | (RCA 1);
D -SA specific - Sambucus nigra agglutinin (SNA); H - heavy chains; L - light

concentration in healthy sera [13], so the absence of
IgA2 paraproteins in our study was not unexpected.
In 13 out of the 15 analyzed sera, the concentra-
tion of total IgA was higher than for individuals
of similar age [14]. Immunoparesis, a hallmark of
multiple myeloma characterized by the suppression
of immunoglobulin isotypes [15], different from

chains of IgA
A ' W
- 3 "}} k

Ponso S RCAI RCA I+

200 mM Gal
12 12

" 5 SNA SNA +

ns0 400 mM SA

the paraprotein isotype was also observed.

For the purpose of analyzing the expression of
galactose and sialic acid on IgA molecules, IgA was
isolated from the pooled healthy human serum and
sera of IgA myeloma patients using affinity chro-
matography on peptide agarose M. Peptide M binds
with high affinity monomeric and dimeric human
IgA serum, secretory IgA, both IgA1l and IgA2,
and IgA in complexes with antigens [11] allowing
isolation of all molecular forms of IgA molecules.
With Peptide M affinity chromatography, we iso-
lated both monoclonal and residual polyclonal IgA
from myeloma serum samples. Additional purifica-

Figure 3. Confirming Ricinus communis agglutinin | (RCA 1) and Sambucus nigra
agglutinin (SNA) specificity with inhibitory dot blot; (A) - inhibition of RCA |
binding to IgA isolates #8 and #12 with 200 mM galactose (Gal); (B) - inhibition
of SNA binding to IgA isolate #12 (showing the highest SNA signal) with 400

mM sialic acid; Ponceau S - indicates the amount of dotted IgA

Densitometric analysis showed significant individual
variations in galactose and sialic acid expression. The sialic
acid expression levels were 67-97% lower in myeloma IgA
compared to healthy individuals. Similarly, galactose ex-
pression was reduced by 12-63% in 13 out of 15 analyzed
myeloma IgA-heavy chains relative to healthy controls
(Figure 4). Compared to IgA from healthy individuals,
the sialic acid to galactose expression ratio was lower on
all analyzed myeloma IgA-heavy chains (Figure 4).

DOI: https://doi.org/10.2298/SARH250408057K

tion steps for separation of monoclonal from most
residual polyclonal IgA molecules, as previously
described [7], were not performed in this study.
However, we are aware that, in the case of IgG my-
eloma, it has been shown that the level of sialylation
on residual polyclonal serum IgG may be higher
than on the IgG paraprotein [16].

The results of our study showed intense reaction be-
tween the heavy chains of healthy IgA molecules and RCA
I and SNA indicating a notable expression of galactose
and sialic acid. All 15 analyzed myeloma IgA-heavy chains
reacted with RCA I and 14 of them reacted with SNA but
densitometric analysis showed lower expression of both
galactose and sialic acid on heavy chains of myeloma IgA
than on healthy IgA. Bosseboeuf et al. [7] also showed a
reduced level of sialic acid in IgA of myeloma patients.
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Figure 4. Densitometric quantification of the expression of galactose (Gal) and
sialic acid (SA) on heavy chains (HC) of total serum IgA of individuals with IgA
multiple myeloma and healthy individuals; the expression of monosaccharides
presented as a ratio of chemiluminescence intensity (i.e., pixel count) in the lec-
tin blot with Ricinus communis agglutinin | or Sambucus nigra agglutinin to the
chemiluminescence intensity in the Western blot with anti-human IgA antibody
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Figure 5. Expression of galactose (Gal) on monomeric and polymeric IgA iso-
lated from the serum of individuals with IgA multiple myeloma (MM); A — Ricinus
communis agglutinin I lectin blot; B - expression of Gal on monomeric and
polymeric forms of IgA; (+) — strong expression; (+/-) — weak expression; BSA -

an Asn-[X#Pro]-Ser/Thr [19] sequence to which
carbohydrate group is attached to the asparagine
residue of this triplet sequence [20]. Whether
strong RCA I reactivity observed only on three
IgA-light chains compared to week reactivity on
other myeloma IgA-light chains reflects somatic
mutation of glycan binding site within IgA vari-
able regions, or germline-encoded variable region
sequences containing glycan binding motive is not
clear. Independently of their origin, glycosylation
of monoclonal immunoglobulin light chains has
been indicated as a potential risk for progression of
monoclonal gammopathy of undetermined signifi-
cance (MGUS) to myeloma and immunoglobulin
light chain amyloidosis [21].

In this study, we confirmed that serum IgA of
healthy individuals predominantly exists in mono-
meric form [22], with detectable expression of both
galactose and sialic acid. In contrast, myeloma IgA
existed in both monomeric and polymeric forms.
Although polymeric IgA could represent complexes
of IgA with some serum proteins, we consider it
unlikely: non-covalent interactions between IgA and
these proteins break down in the elution buffer used
in affinity chromatography and non-reducing SDS-
PAGE, but dimeric and polymeric forms of IgA are
linked via J chains by covalent bonds that cannot
be broken in the buffers. However, al-antitrypsin
covalently bound to IgA molecules forming IgA
polymers was described in IgA myeloma sera [23],
so the presence of such complexes cannot be entirely
excluded. Polymeric forms of IgA are believed to be
responsible for hyperviscosity syndrome [24] and
represent predominant components of immune

bovine serum albumin - the assay negative control

Ding et al. [3] suggested that hyposialylation of IgA in
multiple myeloma might affect the binding efficiency of
IgA to FcaRlI, consequently affecting IgA effector func-
tions. Moreover, enzymatic desialylation of IgA1 of healthy
people leads to proinflammatory profile of IgA1 [17]. It
has long been known that reduced expression of galactose
on O-linked glycans in the hinge region of heavy chain
of IgA1 molecules is associated with IgA nephropathy.
Renfrow et al. [5, 6] showed that decreased content of
galactose in myeloma IgA1 is the result of aberrant galac-
tosylation of O-linked glycans in the hinge region, with,
similar to our results, reduced galactose content varying
among the analyzed monoclonal IgA1 molecules. It re-
mains unclear whether the immune complexes in IgA my-
eloma, like in IgA nephropathy [18], are formed between
galactose-deficient O-glycans in IgA1 and anti-glycan IgG
autoantibodies, leading to their deposition in the glomeruli
and subsequent initiation of renal injury.

The expression of galactose and sialic acid on IgA-light
chains was weak, and most likely reflected the rare carbo-
hydrates immunoglobulin light chains occurring as the
consequence of a variable region somatic mutation creating

Srp Arh Celok Lek. 2025 Jul-Aug;153(7-8):343-349

complexes detected in circulation and glomerular

deposits in IgA nephropathy [25]. A similar role

of polymeric IgA in multiple myeloma cannot be
excluded. In IgA nephropathy, it has been shown that poly-
meric IgA significantly reduces the expression of FcaR on
macrophages compared to monomeric IgA. This conse-
quently decreases the binding of IgA1 and IgA1 immune
complexes to FcaR and their degradation in macrophages,
resulting in increased circulating levels of these complexes
as well as proliferation of mesangial cells and glomerular
sclerosis [26]. By RCA I lectin blotting, we demonstrated
that both monomeric and polymeric myeloma IgA forms
expressed galactose with sample-dependent intensity.
Inversely, a very weak sialic acid expression was detected
on heavy and light chains, and none on intact monomers
or polymers of IgA. This “loss” of sialic acid expression
might reflect methodological limitations: non-reducing
SDS-PAGE cannot reach the “concentration” effect on
proteins that SDS-PAGE under reducing conditions can.
Therefore, the extremely small amount of sialic acid de-
tected on separated heavy and light chains, which is now
“divided” between the fractions of monomeric and poly-
meric IgA, may be less accessible to the SNA lectin due
to the preserved structure of the complete molecules, and
could not be detected by lectin blotting applied.
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The pathogenic potential of differently galactosylated
monomeric and polymeric myeloma IgA1 forms remains
unclear. In IgA nephropathy, heavy chains of polymer-
ic and monomeric IgA are differently N-glycosylated.
Oligomannose-type glycan, an important signaling mol-
ecule for the activation of the complement system via the
lectin pathway and the induction of inflammation in renal
glomeruli, is exclusively present on polymeric IgA [27].
Pathogenic significance of complement activation via lec-
tin pathway in IgA multiple myeloma remains obscure.

This study contributes to our understanding of glyco-
sylation patterns of IgA in multiple myeloma, an area that
remains less extensively characterized than IgG glycosyl-
ation in both physiological and pathological conditions.
Despite the limited number of IgA myeloma samples and
lack of clinical stratification by disease stage or treatment,
due to the nature of obtaining blood samples, we demon-
strate that galactose and sialic acid expression is markedly
reduced on IgA-heavy chains from myeloma patients com-
pared to healthy individuals. This finding is aligned with
and extending previous reports [5, 6, 7], suggesting that
altered glycosylation of myeloma IgA may carry functional
relevance. Additionally, we believe that introducing clinical
stratification by disease stage or treatment in a small cohort
would risk misinterpretation. However, one should be also
cautious when interpreting these results since both IgA
subclasses are present in the peripheral blood of healthy
individuals (90% IgA1l and 10% IgA2) [22] whereas ana-
lyzed paraproteins were classified in IgA1 subclass, and the
level of residual IgA2 was not determined.

The use of lectin blotting in our analysis enabled us to
examine the intact IgA glycoprotein, non-enzymatically
digested, providing insights into the steric accessibility and
composition of glycans on glycoproteins [28]. While this
method does not distinguish between N- and O-linked
monosaccharides or localize them to specific regions (e.g.,
CH2 antibodies, hinge, or variable regions of IgA-heavy
chains), it offers a valuable insight into the functional
availability of these sugars for interactions with immu-
noglobulin receptors or complement proteins, and their
effector functions.
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Immense heterogeneity of IgA glycoforms [3, 4] limits
the ability to draw even generalized conclusions from our
study or other studies [5, 6, 7] performed on relatively
small number of samples. To provide a more comprehen-
sive understanding of IgA glycosylation in multiple my-
eloma and pathogenic significance of IgA oligosacharides,
the type of glycans (N- or O-linked) and precise binding
site of IgA glycans (hinge region, Fc, or fragment antigen-
binding region), the monosaccharides composition analy-
sis of myeloma IgA oligosaccharides on a notably larger
number of IgA isolated from peripheral blood of myeloma
patients an advanced glycoproteomics with classical bio-
and physicochemical approaches and with incorporated
detailed clinical metadata is needed.

CONCLUSION

Myeloma IgA has altered glycosilation. Lectin blot analysis
revealed that, compared to healthy human IgA, the expres-
sion of both galactose and sialic acid was reduced on heavy
chains myeloma-derived IgA. The light chains of myeloma
IgA were predominantly weakly sialylated; however, notable
galactosylation of the light chains was observed in approxi-
mately one-fifth of the cases. In contrast to the predominantly
monomeric IgA found in healthy individuals, myeloma sera
contained both monomeric and polymeric forms. Lectin blot-
ting detected galactose on both monomeric and polymeric
myeloma IgA, although expression levels varied among pa-
tients. The sialic acid, however, was not detectable on either
the monomeric or polymeric forms of myeloma IgA.
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EKcnpecunja TepMUHaANHE raNaKTO3e U CUja/IMHCKE KUCeNIMHE Ha CePYMCKUM IgA y

MYATUNAOM MUjenomy Tuna IgA

[JejaHa KocaHosuh', Mapuja BykaguHosuh', burbaHa Puctih!, MapujaHa KoBauuh', Munat NMpogaHosuh?, Onusepa Casuh?,
PajHa MuHuh? UpuHa Macnosapuh', paraHa Mapkosuh', isaHa [Ipsenuua’, BecHa nuh'

'YHuBep3nTeT y beorpaay, IHCTUTYT off HauMoHanHor 3Hadaja 3a Peny6nnky Cpbujy, IHCTUTYT 3a MeauLIMHCKa UCTpaxuBatba, beorpap, Cpouja;
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CAMETAK

YBoa/Lum Cvatpa ce Aa Matbe MOBOSbHA NPOrHo3a IgA MynTu-
MyIor Myjenoma y OaHoCy Ha ipyre Gopme Mujenioma Moxe 61Ti
nocnenuLa 1 NnpometbeHe ryko3sunaumje IgA y oBoj 6onectu.
AHanusnpaHa je ekcnpecuja TepMrYHanHe ranaktose n cuja-
JIMHCKE KNCeNMNHE Ha rMnKaHuMa IgA n3onoBaHvm n3s cepyma
6onecHuKa ca Mujenomom v ynopeheHa je ekcnpecuja oBa fga
MOHOCaxapvaa Ha MjenoMCKI1M IgA ca hXOBOM eKCrpecnjom
Ha IgA cepyma 3apaBux ocoba.

Mertoge /gA cy usonosaHu 13 cepyma 15 oco6a ca IgA mujeno-
MOM 1 36upHor y3opKa cepyma 100 3npaBrx ocoba abuHUTET-
HoM xpomatorpadujom Ha nentugy M. Ekcnpecuja TepmuHanHe
ranakTo3e 1 CUjalIMHCKe KCeNMHe aHann3rpaHa je IeKTUHCKUM
6710TOM, Ha OCHOBY Be3VBatba arfyTUHIHA U3 Ricinus communis
| v arnyTMHWHa 13 Sambucus nigra nekTnHa.

Pesyntatu Telwkm naHUm cepymMcKuX IgA 3apaBux ocoba 1 CBUX
15 ocoba ca MijenoMoM eKCrpUMMpPanu Cy ranakTosy, oK je cui-
januHcKa KncenvHa fieTeKToBaHa KOA 3ApaBuix ocoba 1 14 ocoba
ca Mujenomom. EKcnpecuja ranaktose v CujanuHCKe KucenuHe
Ha TeLKMM NaHUyMa Mujeniomckux IgA éuna je 3a 12-63% u
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67-97% HMKa y OOHOCY Ha HIXOBY eKcrnpecujy Ha IgA 3apaBux
ocoba. CHaxKHa ranakTto3unalmja naKkux naHala AeTekToBaHa je
CaMo Kog, Tpy MujenomcKa IgA, fokK je cnaba ekcnpecuja cuja-
NIVHCKe KUCeNIMHE Ha NTaK/M NaHLVMa feTeKToBaHa kog 14 of
15 mujenomckux IgA. IgA monekynu 3gpasux ocoba 6unu cy
npeAoMUHAHTHO y GOpPMM MOHOMEpPa 1 eKCNPUMUPAIN Cy 1
ranakTosy 1 CujanunHcKy KucenuHy. Mujenomcku IgA 6vnu cy
npucyTH1 y popmu 1 MOHoMepa 1 nonvmepa. Obe dopme ekc-
npumMmpane cy AeTekTabuaHn HUBO ranakTose (Mako je HMBO
eKcnpecuje Bapupao mehy y3opLuma), anv He v CujanvHcke
KuncenvHe.

3aksbyuum nukosunauumja IgA y MynTunaom Mujesiomy je ns-
MereHa. Y OfHOCY Ha 3ApaBy KOHTPOJTY, TELWKM NaHuu IgA 'y
MYSITAMIIOM MUjeNIOMY UMajy HUXY eKCnpecujy 1 ranaktose un
CUjanVHCKe KNCENMHE, oK Cy NaKu NaHu1 NojeAnHUX muje-
NOMCKUX IgA CHaXHO rasiakTo3nnosaHu. [anakTo3a, anu He u
CUjanviHcKa KncenrHa, npucyTHa je y AeTeKTabunaHoM HBOY
Ha UHTaKTHUM MOHOMEPHUM W NOANMEPHUM MUjENOMCKUM IgA.
KrbyuHe peun: myntunnm mujenom; IgA; rnkosunauuja; cuja-
NIHCKA KNCeNVHa; ralakto3a
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SUMMARY

Introduction/Objective Hypersensitivity pneumonitis is a diagnostic and therapeutic challenge. It oc-
curs due to an excessive immune response to inhaling an antigen (bacteria, fungi, or protozoa) to which
the patient was previously sensitized. This study analyzes the clinical characteristics of patients during a
10-year period (2014-2023) treated at the Institute for Pulmonary Diseases of Vojvodina.

Methods A retrospective study was conducted including 74 patients. The first phase included data col-
lection, the second phase included statistical data processing, and the third included the description of
the obtained statistical parameters and discussion.

Results The average age was 57.61 + 12.6 years; 52.7% were men, and 56.8% were non-smokers. Most
patients had one or more comorbidities (70.3%). There were only 27 (36.5%) patients hospitalized more
than three times. Progression and regression occurred in 14 (28%) patients each, while cessation oc-
curred in 22 (44%). Fatal outcomes occurred in 7 (9.5%). It was determined that in patients with three
or more comorbidities, > 3 hospitalizations (9; 34.6%) occurred more often than < 3 hospitalizations (2;
4.2%) (Fisher's exact test = 14.46; p = 0.04). By comparing the prognosis of the disease with the number
of hospitalizations, we found a statistically significant association (Fisher’s exact test = 13.95; p = 0.001).
The progression of the disease in patients with > 3 hospitalizations (10; 62.5%) occurred more often than
in patients with < 3 hospitalizations (4; 11.8%).

Conclusion To obtain adequate data on the success of therapy and its impact on slowing down the
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disease, further monitoring of patients who are on antifibrotic therapy is necessary.
Keywords: antifibrotic therapy; extrinsic allergic alveolitis; progressive pulmonary fibrosis

INTRODUCTION

Hypersensitivity pneumonitis (HP), also known
as extrinsic allergic alveolitis, is one of the inter-
stitial lung diseases (ILD). This disease occurs
due to an exaggerated immune response to an
antigen from the external environment, leading
to symptoms that, in differential diagnosis, may
resemble symptoms of acute lung infection or
progressive irreversible lung damage, such as
fibrosis [1, 2]. Numerous studies have assessed
the prevalence of HP in various high-risk occu-
pations. HP occurs most often among farmers
and pigeon breeders. It can also occur in people
employed in swimming pools, those exposed
to contaminated air conditioners, employees
exposed to tobacco, and others [3].

The most common symptoms are fever,
myalgia, headache, cough, chest tightness, and
dyspnea, usually occurring 4-12 hours after
exposure to an antigen. The fibrotic form oc-
curs due to prolonged exposure to the antigen,
which initially causes inflammation and even-
tually leads to irreversible and often progressive
interstitial fibrosis, which leads to respiratory
failure [4].

According to the latest European Respiratory
Association guidelines from 2022, HP is classi-
fied into fibrotic and non-fibrotic forms. A part
of patients with chronic (fibrous) HP develop
a progressive disease — progressive pulmonary
fibrosis (PPF). For the diagnosis of PPF at least
two of the following three criteria are neces-
sary: 1) worsening of respiratory symptoms; 2)
pathophysiological criteria of disease progres-
sion (absolute decline in forced vital capacity
(FVC) by = 5% during one year of follow-up,
or an absolute decrease in diffusing capacity
of the lungs for carbon monoxide (DLCO) by
> 10% during one year of follow-up) and 3)
radiological evidence of disease progression
(one or more): increased volume of traction
bronchiectasis and bronchiolectasia, increased
volume of ground-glass opacity with traction
bronchiectasis, new fine reticulations, increa-
sed volume or increased roughness of reticular
abnormalities, new or increased volume of ho-
neycombing, or loss of lung lobe volume [5].

Due to the lack of a diagnostic gold stan-
dard, diagnosing HP is not simple. It relies on
numerous factors, such as history of exposu-
re, clinical characteristics, antigen-antibody
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precipitation tests, radiological findings, lung function te-
sts, and bronchological or surgical biopsies. Distinguishing
HP from other ILDs can be challenging because HP’s cli-
nical, radiological, and pathohistological (PH) features
are highly variable and overlap with those of other ILDs.
The inflammatory disease may go unrecognized, while
the fibrotic disease may be misdiagnosed as idiopathic
pulmonary fibrosis [5, 6].

HP can be treated with pharmacological therapy, such
as corticosteroids and immunosuppressants [mycophe-
nolate mofetil (MMF), azathioprine, and monoclonal
antibody rituximab]. Since 2022, nintedanib, a tyrosine
kinase inhibitor, has been licensed in several countries to
treat chronic fibrous ILD with a progressive phenotype.
Another antifibrotic (pirfenidone) is still being investiga-
ted as a treatment for HP. Non-pharmacological therapy
includes respiratory rehabilitation, continuous application
of oxygen therapy, and lung transplantation. HP prevention
includes avoiding allergens, getting regular vaccinations,
avoiding smoking, and treating comorbidities [4, 7-10].

This paper aims to analyze the clinical characteristics
of patients with HP treated at the Institute for Pulmonary
Diseases of Vojvodina (IPDV) over a 10-year period.

METHODS
Participants and study design

The research was conducted in the form of a retrospective
study, which included 74 patients with a diagnosis of HP
who were treated at the Tuberculosis and Interstitial Lung
Diseases Clinic of the Institute for Pulmonary Diseases of
Vojvodina (IPDV) in Sremska Kamenica from January 1,
2014 to December 31, 2023. Data on patients diagnosed
with HP found in the IPDV electronic database were gath-
ered for the study’s initial phase. The Integrated Health
Information System (IHIS) was used to collect respon-
dents’ information. The following data were analyzed:
sex, age, detection of disease (computed tomography,
pathophysiology sample, multidisciplinary team deci-
sion), therapy, comorbidities, number of hospitalizations,
smoking status, lung function parameter (FVC), and fatal
outcome. By examining the respiratory function, the values
taken for statistical processing were determined with the
help of spirometry and gas analyses performed during the
diagnosis and the last examination. The first finding before
the therapy and the last finding where the patients used
the therapy for a certain period were compared to assess
the prognosis of HP according to the absolute change in
FVC. During the data analyses, it was determined that a
certain number of respondents lacked FVC parameters at
the beginning or in the last finding, so in the final statis-
tics, we had only 50 patients with valid FVC results. By
comparing spirometric parameters, the absolute decline
in FVC by = 5% represented the progression of HP, while
the absolute increase by > 5% represented the regression
of HP. If there was no decline or increase in FVC by 2 5%,
it represented the cessation of the disease.
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Analysis of data

Descriptive statistical methods, statistical hypothesis test-
ing methods, and correlation methods were used for data
analysis. With the help of descriptive statistical methods,
standard statistics were performed, where the frequency
was determined, measures of central tendency (arithmetic
mean) were used for given parameters, and standard devia-
tion was determined for variables where it was possible as
a measure of variability, and relative numbers were used
as indicators of structure. The non-parametric statistical
analysis — x? test and Fisher’s exact test — were used to test
statistical hypotheses. Using the ¢ correlation coefficient,
the correlation between parameters was determined using
Crosstabs. Hypotheses were tested at the level of statisti-
cal significance (a level) of 0.05. The results are shown
in tables. Data were processed using IBM SPSS Statistics,
Version 26.0 (IBM Corp., Armonk, NY, USA).

Ethics: The study was approved by the relevant ethics
committee of the IPDV (No. 33-111/1), and all data were
used in accordance with applicable ethical guidelines and
data protection regulations.

RESULTS

The research included 74 patients diagnosed with HP, with
a slight male predominance. In the study, the average age
of the patients was 57.61 £ 12.6 years; the youngest was
31 years old, and the oldest was 82 years old. The most
common way of establishing the HP diagnosis was with
the help of PH findings in more than half (58.1%) of the
patients. More than two-thirds of patients received corti-
costeroids (CS) as therapy. There were 10 patients (14.1%)
on dual therapy and one patient (1.4%) on triple therapy.
The largest number of patients had one or more comorbi-
dities (70.3%), with arterial hypertension being the most
common and present in 34 (45.9%) patients, followed by
17 (23%) patients with cardiovascular diseases (CVD), and
6 (8.1%) patients with osteoporosis and diabetes mellitus
type II (DM II). Non-smokers were dominant, with 42
(56.8%) patients, while only 13 (17.6%) patients were active
smokers (Table 1). The mean number of smoked cigarettes
per patient was 10.14 + 14.91. The minimum number of ci-
garettes consumed daily was 10, and the maximum was 80.

Regarding hospitalizations, only 27 (36.5%) patients
had more than three hospitalizations (Table 1). No stati-
stically significant association was found when comparing
the number of hospitalizations with either sex (Fisher’s
exact test = 3.72; p = 0.09) or age (Fisher’s exact test = 2.67;
p = 0.14). Analysis of the relationship between smoking
status and the number of hospitalizations also did not show
a statistically significant association. A statistically signi-
ficant moderate positive correlation (¢ = 0.45; p = 0.04)
was found between the number of comorbidities and ho-
spitalizations (Fisher’s exact test = 14.46; p = 0.04). With
the help of the Z test, it was determined that in patients
without comorbidities, > 3 hospitalizations (18; 37.5%)
occurred more often than < 3 hospitalizations (3; 11.5%).
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Table 2. Number of hospitalizations and death outcomes depending on sex, age, smoking status, number

Table 1. Frequency and percentage of patients with hypersensitivity
pneumonitis across different variables

Variables n (%)
Sex Male 39 (52.7)
Female 35 (47.3)
Pathohistology 43 (58.1)
Detection of disease | CT 19 (25.7)
Multidisciplinary team 12(16.2)
(@ 50 (70.4)
AZ 7(9.9)
AF 3(4.2)
Therapy CS+AZ 6 (8.5)
CS + AF 3(4.2)
AZ + AF 1(1.4)
CS+AZ + AF 1(1.4)
0 22(29.7)
s 1 20(27)
Comorbidities 5 21 (28.4)
>3 11(14.9)
Smokers 13(17.6)
Smoking status Ex smokers 19 (25.6)
Non-smokers 42 (56.8)
T <3 47 (63.5)
Hospitalization 53 27 (36.5)
Progression 14 (28)
Prognosis of HP Cessation 22 (44)
Regression 14 (28)
Yes 7 (9.5)
Fatal outcome No 67 (90.5)

CS - corticosteroid therapy; AZ — azathioprine; AF - antifibrotic therapy;
HP - hypersensitivity pneumonitis

of comorbidities and pronosis of hypersensitivity pneumonitis

Vujici¢ E. et al.

hospitalizations (10; 62.5%) occurred more often than in
patients with < 3 hospitalizations (4; 11.8%). The number
of patients with cessation and regression of HP did not
differ between patients with < 3 and > 3 hospitalizations
(Table 2).

No statistically significant association was found
when comparing fatal outcome with gender (Fisher’s
exact test = 3.12; p = 0.12), age (Fisher’s exact test = 1.62;
p = 0.26), smoking status (Fisher’s exact test = 0.78;
p = 0.72), number of comorbidities (Fisher’s exact
test = 7.92; p = 0.08) (Table 2) or prognosis of HP (Fisher’s
exact test = 2.18; p = 0.45) (Table 2).

DISCUSSION

In this retrospective study, we analyzed data from 74 pa-
tients diagnosed with HP over a ten-year period from
January 2014 to December 2023.

Our results show that the higher frequency of HP
was in male patients (52.7%), and the average age was
57.61 + 12.60 years. Nishida et al. [11] concluded that HP
was also more common in men (50.41%), and the avera-
ge age of the subjects was 63 years, similar to our study.
Prior et al. [12] found similar data, showing that HP was
more common in male patients
(53.6%) and that the mean age
was 63 * 13.3 years.

Hosoitalizati Our study showed that there
. pitalizations Fatal outcome

Variables — — P . e P were 42 non-smokers (56.8%),

cor Women 26(54.2%) | 8(308%) | | [1043%)| 33(493%) | 19 of them ended t}_lelr active

Men 22 (45.8%) | 18 (69.2%) 6(85.7%) | 34 (50.7%) smoking status (ex-smokers)

Ave <60 years 28(583%) | 10(385%) | . |2(286%) |36(53.7%) | (25.7%), while there z\’efe 13

9 > 60 years 20 (41.7%) | 16 (61.5%) 5(71.4)% | 31 (46.3%) current smokers (17.6%). The

Smokers 1327.1%) | 2 (7.7%) 2(28:6%) | 13 (19.4%) data found in the study con-

Smoking status | Non-smokers 24(50%) | 16(61.5%) | 0.14 |4(57.1%)| 36 (53.7%) | 0.72 |  ducted by Prior et al. [12] indi-

Ex-smokers 11(22.9%) | 8 (30.8%) 1(14.3%) | 18 (26.9%) cate that 50.2% of respondents

No comorbidities | 18 (37.5%) | 3 (11.5%) 1(14.3%) | 20 (29.9%) were non-smokers. In the rese-

. 1 13 (27.1%) | 8 (30.8%) 0(0%) | 21(31.2%) arch by Selman et al. [13], it is
Comorbidities 0.04* 0.08 . . . .

2 15 (31.3%) | 6 (23.1%) 3 (42.9%) | 18 (26.9%) highlighted as an interesting

>3 2(42%) | 9(34.6%) 3(42.9%) | 8(12%) aspect that HP is less common in

Progression 4(11.8%) | 10 (62.5%) 2(66.7%) | 12 (25.5%) cigarette smokers. They believe

Prognosis of HP | Cessation 18(52.9%) | 4(25%) | 0.001% | 1(33.3%) | 21 (44.7%) | 0.45 nicotine inhibits the activation of

Regression 12(35.3%) | 2 (12.5%) 0(0%) | 14(29.8%) macrophages, the proliferation of

*p <005 lymphocytes, and their function,

Also, in patients with three or more comorbidities, > 3
hospitalizations (9; 34.6%) occurred more often than
< 3 hospitalizations (2; 4.2%) (Fisher’s exact test = 4.02;
p =0.14) (Table 2).

Most of the patients with HP were in cessation (22;
44%), while the same number of patients were in pro-
gression and regression (14; 28%) (Table 1). By comparing
the prognosis of HP to the number of hospitalizations,
we found a statistically significant association (Fisher’s
exact test = 13.95; p = 0.001). The correlation coefficient
showed a moderate positive correlation between the pro-
gnosis of HP and the number of hospitalizations (¢ = 0.53;
p = 0.001). The progression of HP in patients with > 3

‘ DOI: https://doi.org/10.2298/SARH250429063V

but this information does not ap-
ply to former smokers. They also state that if HP occurs
in smokers, the clinical picture and prognosis are worse
than in non-smokers. From 80% to 95% of patients with
HP do not use tobacco. Creamer and Barratt [14] and
Alexandre et al. [15] reported that HP is more common
in non-smokers than in active smokers.

The largest number of patients from our study had no
comorbidities associated with HP (29.7%); 27% had one
comorbidity, 28.4% had two comorbidities, and 14.9% had
three or more. The most common comorbidities were ar-
terial hypertension (45.9%), CVD (23%), osteoporosis, and
DM 1II (8.1%). Wilscher et al. [16] identified that the most
frequent number of comorbidities in HP patients was 3.
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Of 211 patients, 11% had no comorbidities, 58% had 1-3
comorbidities, and 31% had > 4 comorbidities. The most
common comorbidities found were cardiovascular (65%).
According to the study by Prior et al. [12], the most common
comorbidities were arterial hypertension (55.5%), DM II
(20.4%), ischemic heart disease (17.5%), obstructive lung
disease (9.5%), and pulmonary hypertension (9.5%) [12, 16].

The most diagnosed cases in our research were with the
help of PH (43/74; 58.1%). In their study, Noh et al. [17]
concluded that HP was diagnosed with biopsy and PH
tindings in significantly fewer patients (40%), and Lacasse
et al. [18] concluded that HP was diagnosed based on PH
findings in 37%. In the study by Casal et al. [19], 12.4%
of patients, as in our case, were diagnosed based on the
clinical presentation. Koyuncu et al. [20] stated that the
PH diagnosis of HP was made in 43 (55.1%) patients and
that the multidisciplinary team decided on the diagnosis
of HP in 19 (24.7%) patients. In the study by Adams et al.
[21], 85.7% of the group underwent an invasive technique
(bronchoalveolar lavage, transbronchial biopsy, and/or sur-
gical lung biopsy) to confirm the diagnosis of HP [17-21].

Improving diagnostic accuracy for HP is based on a
multidisciplinary approach. This includes detailed anam-
nesis with environmental and occupational exposure
history, high-resolution CT imaging, serological testing
for antigen-specific antibodies, which is not a diagnostic
standard in our country, unfortunately, and histopathology
sampling when invasive diagnosis is needed. The use of
diagnostic algorithms that integrate radiological, clinical,
and pathological findings is essential in differentiating
HP from other interstitial lung diseases, like idiopathic
pulmonary fibrosis.

Impaired lung function in patients with HP plays a criti-
cal role in determining the severity of the disease. However,
it does not differ from other interstitial lung diseases.
Restrictive lung ventilation disorder is the most common
pathological finding in these patients. In our research, in 22
(44%) patients, there was no significant change in FVC; in
14 (28%) patients there was a significant increase in FVC by
> 5%; and in another 14 (28%) patients there was a signifi-
cant decline in FVC value by > 5%. In the study conducted
by Macaluso et al. [22], the initial average FVC value in the
participants was 67.5%. A decline of > 5% in FVC during
the first year was observed in 45 patients (31%).

In recent years, MMF has been used in the treatment
of HP. Casal et al. [23] conducted a study in which after a
one-year treatment with MME FVC stabilized and DLCO
improved significantly. In the study by Okuda et al. [24],
the immunosuppressant-with-prednisolone group’s mean
change in FVC in the 12 months before therapy was sub-
stantially lower than that of the immunosuppressant-naive
prednisolone group. In an analysis conducted by Kaneko
et al. [25], the yearly FVC drop in the PPF group reduced
from -11.5% before therapy to -4.2% in the first year fol-
lowing treatment (p < 0.001). There was no significant
difference between the annual FVC change before and after
therapy in the non-PPF group (1.6% vs. -1.7%, p = 0.065).

We found that the largest number of patients were
treated with corticosteroids (50/74; 70.64%), followed by
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patients who used azathioprine (7/74; 9.9%), and in third
place were patients on antifibrotic drugs (nintedanib)
(3/74; 4.2%). The therapeutic indication for antifibrotic
therapy for progressive forms of HP was expanded in
Serbia in 2022, and due to this fact, the number of patients
receiving this therapy is small. In their study, Salisbury et
al. [26] noted that the most common forms of HP treat-
ment were corticosteroids and azathioprine. Wijsenbeek
et al. [27] monitored the effects of nintedanib in patients
with progressive pulmonary fibrosis (PPF) using the Living
with Pulmonary Fibrosis (L-PF) questionnaire. Based on
the assessment of L-PF questionnaire scores, nintedanib
reduced the worsening of symptoms of dyspnea, fatigue,
and cough during the 52-week study in patients with PPE

Although lung transplantation is not possible in our
country, it is a treatment for patients with HP in developed
countries. In the University Hospital of Munich, in the last
30 years, there were a total of 1054 lung transplantations
performed, and the best five-year survival rate was obser-
ved in patients with lymphangioleiomyomatosis (LAM)
and HP [28].

Our study found a statistically significant correlation
between the number of comorbidities and hospitalizations.
No statistically significant association was found betwe-
en the death outcome and the number of comorbidities.
Prior et al. [12] state that there was a statistically signifi-
cant association between the number and type of comor-
bidities with the death outcome and increased number
of hospitalizations. The highest number of deaths was in
the group of patients with cardiovascular comorbidities.
A combination of better patient education, earlier diagno-
sis, and more proactive disease care is probably needed to
lower hospitalization rates among HP patients. Broader
screening for environmental exposures, prompt therapy
beginning after diagnosis, and multidisciplinary team par-
ticipation are a few possible interventions. Additionally,
improving patient access to social support services, regular
follow-up, and pulmonary rehabilitation can help manage
comorbidities and reduce illness exacerbations, which may
minimize the frequency of hospitalizations. Wilscher et al.
[16] report that deceased patients had more comorbidities
than survivors. A study by Schwarzkopf et al. [29] repor-
ted that comorbidities had a clinically significant adverse
effect on survival that was more pronounced in the case of
untreated comorbidities. In our study, the reason for the
cause-and-effect relationship between a higher number of
comorbidities and a lower number of hospitalizations is
not known. We can only assume that the patients received
adequate therapy for associated diseases and controlled
them well.

Fatal outcomes were observed in seven (9.5%) of our
patients. In a study conducted by Gonnelli et al. [30], the
tive-year survival rate after diagnosis of HP was 66%.

The limitations of this study are: data on the pulmo-
nary function parameter (FVC) were not available in all
patients; diffusion capacity (DLCO) values were not avai-
lable in most patients; therefore, the DLCO parameter was
not extracted from the system in this study. The primary
reason for the low number of patients in our cohort who
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received antifibrotic medication is that antifibrotics were
only recently authorized for use in Serbia, specifically in
2022, for progressive types of HP. As a result, only a small
number of patients had access to these medications during
the study period.

CONCLUSION

With the introduction of new treatment protocols for the
use of antifibrotic drugs, further studies are necessary to
include a more extended period and a larger number of
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XunepceH3UTUBHM NHEYMOHUTUC — A0CaAALLHbA UCKYCTBA Y JIeUekby M 0TBapakbe

HoBux moryhHocTH

Emunuja Byjuunh'2, Mupocnas Unuh'?, Oparuua Kosauesuh'2, JosaH JaBopaL'?, HeseHa Cauh', MunytuH Koau®?,

[JlejaH KnBaHoBuh?**, [lejaH MumbkoBrh'2

MHcTuTyT 33 nnyhHe 6onectn Bojsogute, Cpemcka Kamernua, Cpbuja;

*YHneep3uTet y Hosom Cagy, MeguuuHckm dakyntet, Hosu Cag, Cpbuja;

YHVBEP3UTETCKI KNUHUYKK LieHTap BojsoauHe, Hosu Cag, Cpbuja;
“BuMcoKa LUKONa 3a JbyACKM pa3Boj, beorpag, Cpbuja;

SBrcoka LuKosa CTPYKOBHIX CTyAuja 3a 06pa3oBatbe BacniTaya 1 cnoptckux TpeHepa, Cybotuua, Cpbuja

CAMETAK

YBoa/LUnmb XvinepCeH3NTUBHU MHEYMOHMTUC NpeAcTaBiba
[OMjarHOCTMYKM 1 Tepanujckn 13a30B. HacTaje Kao nocnegmua
npeTepaHor NMyHOJOLLKOT OArOBOPA Ha yANCakbe aHTUreHa
(6akTepuja, MbMBMLA UM MPOTO30a) Ha Koje je 6oNecHrK npeT-
XOAHO CeH3VbMAncaH.

Linrs oBe cTyauje 610 je Aa ce aHaNM3MPajy KNMHMYKE KapakTe-
purcTrKe 6onecHrKa neyeHux y MIHcTuTyTy 3a nnyhHe 6onectu
BojsoguHe Tokom 10 roguHa (2014-2023).

Metoae CnpoBefieHa je peTpocneKTVBHA CTyAuja ca 74 6one-
cHuKa. MNpBa dasza nctpaxmsama obyxBaTana je NpuKyn/bakbe
nopataka o bonecHuuMMa, apyra Gpasa cTaTUCTUUKy obpagy
nopataka, a Tpeha ¢asa onuc fo6WjeHVX CTaTUCTUYKKX Mapa-
MeTapa v BUCKYCKjy.

Pesyntatm [poceuHa ctapoct 6onecHunka 6una je 57,61+ 12,6
rOAWHa; 52,7% cy 6unun mywikapuy, a 56,8% Henywauw. Hajsue
60secHVIKa MMano je jeAaH unu BuLe KomopbuamTeta (70,3%).
Camo 27 (36%) 6onecHuka 61no je XoCcnUTan30BaHO BULLE Of
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Tpw nyTa. [lo nporpecuje 1 perpecuje gowwno je kop 14 (28%)
60onecHUKa, JOK je cTarHauuja notspheHa Kop 22 (44%) 6one-
cHuKa. MaTanHm ncxop ce Aecro Kog cepam (9,5%) 6onecHuka.
YTBpheHo je fia ce Kog 6onecHrKa ca Tpy Uiw BrLLe KOMOpP6OU-
auteta yewwhe jaBrbajy > 3 xocnutanu3sauuje (9; 34,6%) Hero < 3
xocnuTanusauuje (2; 4,2%) (Ouwepos TecT = 14,46; p = 0,04).
Ynopehyjyhu nporto3sy 6onectu ca 6pojem xocnutanusauuja,
YCTaHOBJbEHa je CTaTUCTUYKM 3HavajHa noBe3aHocT (Duiepos
Tect = 13,95; p=0,001). Mporpecwja 6onectn Kog bonecHrKa ca
> 3 xocnuTanusaumje (10; 62,5%) yewwha je Hero Kog bonecHrKa
ca < 3 xocnutanusauuje (4; 11,8%).

3aksbyuak 3a fobujarbe afeKBaTHMX NoAaTaka O yCnewHocTy
Tepanuje N keHOM yTULajy Ha

ycropaBake 6051eCTV HeOMXOAHO je fasbe npahere bonecHrKa
Koju Cy Ha aHTUUOPOTCKOj Tepanmju.

KrbyuHe peun: aHTMdMOPOTCKa Tepanmja; EKCTPUH3NYHM anep-
TMjCKM anBeoaNTUC; NporpecrBHa niyhHa rubposa
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The effect of topical application of tranexamic acid
on the occurrence of postoperative hematoma
after inguinal hernia repair using the Lichtenstein
technique

Vanja Kunkin', Vesna Zeljkovi¢?

'Porde Joanovi¢ Zrenjanin General Hospital, Zrenjanin, Serbia;
“State University of Novi Pazar, Novi Pazar, Serbia

SUMMARY

Introduction/Objective The objective of the study was to determine whether the local application
of tranexamic acid (TXA) by pouring over the surgical wound reduces the incidence of postoperative
hematoma and the occurrence of postoperative bleeding in the wound following inguinal hernia repair
using the Lichtenstein technique.

Methods We conducted a prospective, randomized, double-blind clinical study in the period from June
2024 to February 2025. One hundred and twenty patients were divided into two groups, one group of
patients who received TXA during surgery, and the other group where a placebo was administered.
Subsequently, the groups were compared and analyzed by sex and age structure, the frequency of post-
operative hematoma, and the pre- and postoperative levels of erythrocytes, hemoglobin, and platelets
were recorded.

Results The results indicate that in the group where TXA was administered, postoperative hematoma
occurred statistically significantly less often than in the group with a placebo (p < 0.05). The frequency
of postoperative hematoma in the group of patients who were treated with TXA was 3.8%, while the
frequency in the group of patients who were treated with a placebo was 13%. There was a statistically
significant difference in the levels of platelets before and after surgery in the compared groups.
Conclusion We found that the topical application of TXA reduces the occurrence of postoperative he-
matoma, and thus the occurrence of postoperative bleeding, as well as reduces the postoperative drop
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in platelets.

Keywords: inguinal hernia repair; tranexamic acid; hematoma; hemoglobin; erythrocytes; platelets

INTRODUCTION

Postoperative bleeding is one of the most com-
mon complications of surgical procedures.
According to some reports, more than 300
million patients undergo surgery annually [1].
Bleeding can be merely a clinical sign, without
any consequences, but it can also be signifi-
cant, with varying consequences, and it occurs
within the first 7 days in 77.7% of cases [2].
This affects the patient’s morbidity and mor-
tality, quality of life, and speed of recovery.
According to a study conducted by Roshanov,
mortality occurs in 5.8% of cases among pa-
tients with postoperative bleeding, excluding
cardiac surgery patients [3]. There are vari-
ous definitions of postoperative hemorrhage;
however, our scope of interest is bleeding in
the wound after inguinal hernia surgery us-
ing the Lichtenstein technique, manifesting as
hematoma, i.e., bruising and/or swelling and
out-of-range blood test results. The drug that
is standardly used to prevent or stop bleeding is
TXA. This agent is routinely used intravenously
and orally, according to the manufacturer’s rec-
ommendations, and has its own indications and
contraindications [4, 5].

Systemic administration of TXA has shown
many advantages, and most commonly cited are
reduced postoperative bleeding and a reduced
need for blood transfusion [6-9]. However,
the idea of using TXA in the form of a local
application emerged because there is unclear
data on adverse effects since the drug manu-
facturer suggests avoiding the drug in certain
patient groups, as a potential health risk [4, 5].
Several studies, systematic reviews, and meta-
analyses addressed this topic, including the lo-
cal application of TXA [10, 11-16]. So far, local
application of TXA has been applied in various
fields of surgery, such as otorhinolaryngology,
maxillofacial surgery, orthopedics, breast sur-
gery, spinal surgery, thoracic surgery, urology,
and plastic surgery. However, some studies
have described side effects following the local
application of TXA, such as impaired wound
healing, a larger amount of seroma after breast
mastectomy and axillary dissection, and poor
tendon healing [17, 18, 19]. Two studies also
described that it enhances bone healing [20,
21]. Only one study investigated a similar topic
regarding the local application of TXA during
inguinal hernia repair, with a small number of
patients at increased risk of bleeding due to
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the medications they used [16]. For this reason, our study
aimed to test whether the local, more precisely topical ap-
plication of TXA affects the reduction in the frequency
of postoperative hematoma, i.e., bleeding after inguinal
hernia repair using the Lichtenstein technique.

METHODS

A prospective, randomized, double-blinded study was con-
ducted in the period from June 2024 to February 2025.
The sample size consisted of 120 patients, divided into
two groups. Both groups were treated in a standard way,
one group (control) was intraoperatively treated with a
placebo solution, and the other (experimental) with a solu-
tion containing TXA.

The criteria for inclusion in the study were: age over
18 years and males and females with one-sided inguinal
hernia.

The criteria for exclusion from the study were: patients
with an inguinoscrotal hernia, patients with a recurrent in-
guinal hernia after open surgery, patients who did not stop
their regular antiplatelet therapy, patients on permanent
low-molecular-weight heparin therapy, excluding preop-
erative one-time prevention, patients with acute disease,
exacerbation of chronic disease, patients on dialysis, and
patients with hematological diseases excluding anemic
syndrome, which meets the conditions for introduction
to general endotracheal anesthesia, patients with proven
connective tissue disease.

The exclusion criteria also included an intraoperative
deviation from standard surgery, which included increased
bleeding and excessive tissue trauma, which could be the
cause of bleeding that might present a false-positive result
for the drug under investigation.

Upon admission to hospital treatment, the patient was
assigned two numbers, the first number, which was the
serial number, related to the name, surname, and order
of patient’s surgical procedure, together with the second
number, 1 or 2, indicating the recipient of a placebo or
drug. The ward nurse, in the operation block and the lead
researcher was the only person who was familiar with the
numbers and their correlation. Thereupon, the patients
underwent standard preoperative preparation, had blood
drawn, were operated on, and received standard therapy.

The standard procedure of the Lichtenstein technique
was performed for the repair of the inguinal hernia. Each
patient was operated on using a uniform method, and the
surgery was performed by five experienced general sur-
geons, each with over five years of specialized experience.
For hernioplasty, polypropylene mesh of the same type,
characteristics and size 6 x 11 cm or 8 x 15 cm, depending
on the size of the inguinal canal, was used for all patients.
Prior to inserting, the mesh was shaped accordingly and
subsequently fixed along the outer lower edge continuously
with a monofilament, non-absorbable suture of thickness
2.0 in the region of the inguinal ligament, from the tubercle
to 2—-4 cm above the internal inguinal ring. The mesh was
further fixed with 3-5 single sutures of the same material
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along the inner upper edge and with two single sutures
on the previously incised mesh to create a new internal
inguinal ring. Access to the inguinal canal, preparation
and management of the hernial sac, reconstruction of the
posterior wall of the inguinal canal, and closure of the in-
guinal canal were performed in a standardized manner,
as a standard procedure in open inguinal hernia repairs.

TXA or placebo was prepared outside the operating
room, by the previously authorized person, who did not
inform the surgical team about its content. Depending on
this, either a medication solution was prepared by drawing
two ampoules of TXA, i.e., 10 ml of solution at a concen-
tration of 500 mg / 5 ml, into a 20 ml syringe, followed
by adding 10 ml of sterile 0.9% saline solution, or just 20
ml of 0.9% saline solution as a placebo in a syringe of the
same specifications.

The professional did not inform anyone about the con-
tents of the syringe. During the operation, the hernia sac
or its residues were poured over with the solution, with-
out removal of the residues for at least 1 minute. Further
on, 8 ml of solution were poured on the entire site below
the aponeurosis of musculus obliquus externus, without
removal of the residues. Afterwards, an additional 4 ml of
solution were poured on the layers above the closed fas-
cia, without removal of the residues for at least 1 minute.
Intraoperative, prior to using the solution, hemostasis was
achieved by surgical means.

The described methods achieved the effect of a double-
blind study.

Postoperatively, the occurrence of hematoma in the
operated region was monitored until the postoperative
day 7, when most of the bleeding would be visualized [2].
The appearance of a hematoma was considered statistically
significant if the width was greater than 2 cm along the
entire lower and upper edge of the postoperative wound.

In addition, changes in the blood count were monitored
preoperatively and postoperatively, the day before and after
the operation. In this way, we analyzed the differences in
the blood count in the control and observed groups. We
monitored the number of erythrocytes, hemoglobin, and
platelets as easily measurable components involved in the
coagulation cascade.

On the first postoperative day, patients were examined
in detail to record possible complications and hematoma
at the site of the operative wound. Also, laboratory analyses
were repeated, i.e., blood test results. The wound was then
bandaged, and if the treatment was without complications,
the patients were discharged for further home and outpa-
tient follow-up.

After discharge, patients were examined after seven days
to record clinical signs of bleeding, and other complica-
tions.

In the study, among the methods of descriptive statis-
tics, the measure of central tendency, the arithmetic mean,
measures of variability and the standard deviation, as well
as relative numbers, were used. A simple random sampling
system and tables of random numbers were used for ran-
domisation of the patients. Analytical statistics methods
were used to identify empirical distributions and methods
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Table 1. The age structure of the observed groups

Kunkin V. and Zeljkovic V.

Figure 1. Sex structure of the observed groups

for assessing the significance of the difference depending
on the type of data, the x* test, and t-test for independent
samples. The IBM SPSS Statistics (IBM Corp., Armonk,
NY, USA) program was used for statistical data processing.

Ethics: Informed consent was obtained from all subjects
involved in the study. The study was conducted in accor-
dance with the Declaration of Helsinki, and was approved
by the Ethics Committee of the Porde Joanovi¢ Zrenjanin
General Hospital (protocol code 01-133/56, date of ap-
proval April 10, 2024).

RESULTS

By comparing the demographic characteristics of the pa-
tients in both groups, we did not find a statistically sig-
nificant difference. In the group of patients who received
TXA, the average age was 59 years, while in the control
group the average age was 64 years. There was no statisti-
cally significant difference between the observed groups
(p =0.076). The age structure is shown in Table 1.

Figure 1 shows the sex structure of the observed groups,
where it was also noted that there was no statistically sig-
nificant difference (p = 0.834). Men were predominant in
both groups of patients, 92.3% in the experimental group
and 93.3% in the control group.

A statistically significant lower frequency of postopera-
tive hematoma was observed in the group that received
TXA during surgery (p < 0.05). It was observed that in
the experimental group, hematoma appeared in 3.8% of
patients, while in the control group, hematoma occurred
in 13% of patients. The data are shown in Figure 2.

A statistically significant difference in the number of
red blood cells before and after surgery between groups
(p = 0.672) was not observed. The mean value of red blood
cells preoperatively was 4.71 x 10**/1 in the control group,
while postoperatively it was 4.58 x 10*/1. Moreover, in
the experimental group, the values were 4.81 x 10'*/1 and
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Figure 3. Preoperative and postoperative number of red blood cells
in the observed groups

4.52 x 10"*/1 preoperatively and postoperatively. The re-
sults are shown in Figure 3.

A statistically significant difference was not observed
in the mean hemoglobin level preoperatively and postop-
eratively in the observed groups (p = 0.924). The mean
value of hemoglobin preoperatively was 145.2 g/l in the
control group, while postoperatively it was 137.93 g/1. In
the experimental group, the values were 146.23 g/l and
139.31 g/l preoperatively and postoperatively. The values
are shown in Figure 4.

The decrease in platelet count was statistically signifi-
cantly lower in the group of patients who were adminis-
tered TXA, compared to the group that was given a placebo
(p = 0.030). The mean value of platelets preoperatively was
235.45 x 10°/1 in the control group, while postoperatively
it was 209.27 x 10°/1; in the experimental group, the values
were 232.90 x 10°/1 and 220.06 x 10°/1 preoperatively and
postoperatively. The results are shown in Figure 5.
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DISCUSSION

The sex distribution disclosed that men predominated in
both the experimental and the control group. The obtained
data coincide with the results of other studies, explaining
this by the fact that men are exposed to heavier physi-
cal efforts through work and physical training. Regarding
the age distribution, the results of our study fall roughly
between the values of the studies by Agarwal [22] and
Burcharth et al. [23].

There is a small number of studies dealing with the use of
TXA in abdominal surgery and abdominal wall surgery [16,
24, 25]. The number of subjects in the studies is small, and
the possibilities are large, considering the number of opera-
tions and potential complications related to postoperative
bleeding. Inguinal hernia repair is one of the most common
surgeries in the world, and the most common technique for
surgery is the Lichtenstein technique. Thus, according to
some reports, 275,000 such operations were performed in
Germany, while 800,000 such operations were performed in
the United States of America in one year [26, 27].

Bleeding is one of the most common complications of
this surgery, and it can lead to other complications, such as
swelling, hematoma, mesh infection and pain. Hematoma
as a sign of bleeding is described with varying frequency,
from 1.4-13.6%, depending on the author and the defi-
nition of the observed complication [26, 27, 28]. These
complications can result in slower patient recovery, addi-
tional surgical procedures or reoperations, slower return
to regular daily activities and work duties, disability, more
expensive treatment, and very rarely death. When this
number of complications is multiplied by the number of
operations and the percentage of their occurrence, it can be
concluded that the prevention of bleeding can have great
benefits for the patient and the health system. Hematoma
as a sign of postoperative bleeding is the most common
complication, which can be easily monitored clinically.
Through our study, we determined that the frequency of
hematomas in the group that did not receive TXA was 13%
(eight patients), according to the given criteria. Of these,
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Figure 5. Preoperative and postoperative level of platelets in the ob-
served groups

one patient had significant clinical bleeding, prolonged
hospitalization, monitoring and replacement of blood
products, while the frequency of occurrence of hematoma
in the group that received TXA was 3.8% (two patients).
Comparing these two groups, we found that there is a sta-
tistically lower incidence of hematoma in the experimental
group. Therefore, it can be concluded that there was less
intra- and/or postoperative bleeding in this group. Several
other studies have shown similar results [9, 10, 11, 14, 16].

TXA is a potent antifibrinolytic agent, as it blocks the
lysine binding site on the plasminogen molecule, thereby
preventing its interaction with fibrin. This inhibits the
activation of the plasminogen molecule and its conver-
sion to plasmin. This inhibition disrupts the activation of
plasminogen and its conversion to plasmin, consequently
impeding fibrinolysis and preserving the integrity of the
blood clot, thus reducing the risk of bleeding. Moreover,
during the application of higher doses of TXA during car-
diac surgery, convulsions may occur due to the antagonis-
tic effect on GABA(A) receptors. The primary elimination
route is renal, with over 95% of the drug excreted through
kidneys. After oral administration, 30-50% of the drug is
absorbed and 90% of the drug is excreted from the body
within 24 hours when TXA is administered intravenously,
while during oral administration 39% of the drug is ex-
creted during the same period. The apparent elimination
half-life is close to 2 hours when TXA is administered
intravenously, while the mean terminal half-life is approxi-
mately 11 hours. Similar pharmacokinetic properties of
TXA when administered topically are not available [4, 5].

The mechanism of action of TXA theoretically increases
the risk of thromboembolic events, so it is not recom-
mended in patients where this risk is increased [4, 5].
However, in practice, this risk has not been confirmed, as
shown in a large number of studies [8, 9, 11]. No increased
frequency of vascular side effects such as myocardial in-
farction, stroke, pulmonary thromboembolism (PTE), or
deep vein thrombosis was shown. There was no risk of
acute renal failure either. Even a protective effect against
such side effects has been shown. However, there was an
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increased risk of seizures when high doses of TXA were
used in cardiac surgery [8, 29].

The mechanism of action of TXA during local applica-
tion is the same as during systemic application of TXA, the
stabilization of the formed coagulum on severed venous
and arterial blood vessels and capillaries. The methods of
application are different, by spraying, pouring, local in-
filtration and covering the surface with gauze and fabric
soaked with TXA. Spraying and pouring of tissue (topical
application) are most recommended due to surface cov-
erage and ensuring sufficient contact of tissue and TXA.
The concentrations used are very different, ranging 1-100
mg/ml, where even the lowest concentration is 100 times
higher than the minimum required concentration of TXA
in plasma to achieve a beneficial effect, which is 10 pg/ml.
So far, no information is available on whether the plasma
concentration after topical application of TXA is the same
or lower than the tissue concentration. It has not been
shown that a greater number of adverse reactions, which
we mentioned earlier, occur with topical application of
TXA compared to systemic application of TXA or when
it is not used at all [9, 10, 11].

We compared the blood count before and after surgery,
more precisely the level of erythrocytes and the level of
hemoglobin. We wanted to determine whether topical ap-
plication of TXA affects the level of these two blood count
indicators. The results showed that TXA did not affect the
level of erythrocytes and hemoglobin postoperatively in the
experimental and control groups. From this, it can be con-
cluded that these are not the factors that influence the less
frequent occurrence of hematoma in the group where TXA
was applied. Kushwaha et al. [12] showed a different result
in his study when he measured preoperative and postopera-
tive hemoglobin levels, and when he observed a statistically
significant difference in the group where TXA was applied
topically compared to the group that received saline solu-
tion. Both groups received systemic saline instead of TXA,
which was similarly shown in a study by Zhong et al. [13].
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E(I)EKaT JIOKa/IHe NpumeHe TPaHeKCaMUHCKe KUCenHe Ha nojaBy nocroneparusHor
Xeématoma nocine onepau,uje WHIBUHA/IHE xepHMje nMXTEHI.I.ITajHOBOM TeXHUKom

Batba KyHkuH', BecHa 3erbKoBuh?

'Onwra 6onHuLa, Hhophe JoaHoBuh” 3perbaHiH, 3peraHuH, Cpbuja;
[IpxaBHu yHuBep3uTeT y HoBom Ma3sapy, Hosu Masap, Cpbuja

CAXETAK

YBoa/Uum Linm cTyamje je 6uo aa ce yTBpAM fa v nokanHa
npUMeHa TpaHeKcaMUHCKe KucenuHe (TXA) nocunamem xupyp-
LIKe paHe CMatkbyje y4ecTanocT nojaee nocTornepaTMBHOr Xema-
TOMa, Tj. NOCTONEePaTUBHON KpBapetba y paHW HakoH onepaLuje
WHIBMHaNHe XepHuje JINXTEHLTajHOBOM TEXHUKOM.

Metoge CnpoBenyi CMO NPOCNEKTUBHY, PaHAOMM3UPaHy, Aynio
cneny KnMHWUKy ctyaujy. Cro ABageceT 6onecHuKa 6uno je no-
[le/beHo Y AiBe rpyne; jefHoj rpynu je anankosaHa TXA TOKOM
onepauuje, a apyroj nnaue6o. [arbe, rpyne cy nopeheHe 1 aHa-
N3npaHe npema nosy, CTapocHoj AobK, yuecTanocT nocTone-
PaTVBHOTI KpBapeHka 1 NpeorepaTMBHOM 1 MOCTONEPATBHOM
HVBOY epPUTPOLMTa, XeMOrI06MHa 1 TpoMboLUTa.
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Pesynrtatu Pe3yntaty yKa3syjy Aa ce noctonepaTtuBHN Xema-
TOM M0jaB/bMBaO CTAaTUCTUYKM 3HauajHO pehe y rpynu Kojoj je
opauHupaHa TXA y ogHOCY Ha rpymny Kojoj je OpANHUPaH nna-
Le6o (p < 0,05). YuecTanoct nojaB/b1Bara NoCTonepaTnBHOr
XemaToMa y rpynu Koja je TpetvpaHa ca TXA 6una je 3,8%, Aok je
yyecTanoct y apyroj rpynu 6una 13%. lMoctojana je CTaTucTnyKm
3HayajHa pasnuKa y HMBOY TpomboLMTa Npe 1 Nocie onepauuje
mehy nopeheHum rpynama.

3aKsbyyak YTBpAUAM CMO fja floKanHa nprmeHa TXA cvmatbyje
rnojaBy MOCTONEPaTMBHOr XemaToMa 11 CaMUM TUM NocTonepa-
TVBHOT KpBapetba, Kao 1 MoCTornepaTuBHY Nag TpombouuTa.
KrbyuHe peun: onepauuja HrBMHaNHE XepHWMje; TpaHeKca-
MUVHCKa K/CEeNNHA; XeMaToOM; XeMOITO0MH; ePUTPOLUTY; TPOM-
6ounTn
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SUMMARY

Introduction/Objective Upper gastrointestinal bleeding is a significant medical emergency requiring
prompt assessment and intervention. Various risk stratification tools, including the Rockall Score and
Glasgow-Blatchford Score (GBS), are used to predict clinical outcomes such as mortality, intensive care
unit admission, and the need for blood transfusion.

Methods This study analyzed a cohort of 199 patients admitted to our hospital for non-variceal upper
gastrointestinal bleeding between October 1, 2020, and October 1, 2024. Demographic data, vital signs
(pulse rate, systolic and diastolic blood pressure), length of hospital and ICU stay, comorbidities, and
medication use were recorded. The Rockall Score and GBS were calculated for each patient, and their
predictive accuracy was assessed using sensitivity and specificity analyses.

Results The GBS (AUC = 0.887) demonstrated superior predictive performance for blood transfusion
compared to the Rockall Score (AUC = 0.786, p < 0.001). However, both scores exhibited poor predic-
tive ability for ICU admission (AUC = 0.624 vs. 0.605, respectively, p < 0.05), with Rockall outperforming
GBS. For mortality prediction, both scores performed similarly (Rockall: AUC = 0.847, GBS: AUC = 0.837,
p = 0.239), indicating no significant difference.

Conclusion GBS outperforms the Rockall Score in predicting blood transfusion need, while both scores
show poor ICU admission prediction, with Rockall performing slightly better. For mortality prediction,
both scores are comparable. GBS is preferable for transfusion assessment, but additional factors may
improve ICU and mortality predictions.

Keywords: gastrointestinal bleeding; Rockall Score; Glasgow-Blatchford Score; mortality; transfusion
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INTRODUCTION

Upper gastrointestinal (GI) bleeding repre-
sents a serious medical emergency that can
pose significant risks to a patient’s life. This
type of bleeding, originating from the upper
part of the digestive system — which includes
the esophagus, stomach, and the first part of the
small intestine — demands careful and diligent
monitoring due to its potential to lead to severe
complications such as shock and even death [1].
The nature of upper GI bleeding can vary, rang-
ing from minor oozing to massive hemorrhage,
and can occur due to a variety of underlying
conditions, including ulcers, varices, or malig-
nancies. One of the most concerning aspects is
the risk of recurrent bleeding, which may ex-
acerbate the patient’s condition and necessitate
further medical interventions. In such cases,
urgent upper endoscopy within 24 hours is
recommended as the cornerstone of both diag-
nosis and therapeutic intervention, allowing for
timely identification and control of the bleed-
ing source. Early endoscopy has been shown
to reduce transfusion requirements, length of
hospital stay, and mortality, particularly in high-
risk patients [2]. Therefore, a well-structured
and proactive approach to managing upper GI

bleeding is crucial. This involves rapid assess-
ment, stabilization of vital signs, and identifica-
tion of the bleeding source. Effective manage-
ment not only focuses on immediate treatment
but also emphasizes the need for ongoing sur-
veillance and follow-up care to reduce the risk
of recurrence and improve patient outcomes.
Understanding these complexities is essential
for healthcare providers in delivering safe and
effective care to affected individuals [3].

To effectively categorize GI bleeding in-
cidents and assess the associated rates of re-
bleeding and mortality, various risk assessment
tools have been developed. Among these, two
of the most prominent tools are the Glasgow-
Blatchford Score (GBS) and the Rockall Score
[4]. The Rockall Score is a comprehensive risk
assessment tool that combines both pre-en-
doscopy and post-endoscopy factors to more
accurately evaluate a patient’s risk. It considers
clinical variables such as age, comorbidities,
and the severity of the bleeding observed dur-
ing endoscopy, allowing healthcare providers
to stratify patients based on their likelihood of
rebleeding or death resulting from the bleed-
ing event [5]. In contrast, the GBS focuses ex-
clusively on pre-endoscopy variables to gauge
the initial severity of the bleeding. This score
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takes into account symptoms presented by the patient,
vital signs, and any underlying medical conditions (co-
morbidities). It is particularly valuable in emergency set-
tings because it helps clinicians quickly identify patients
who may require urgent intervention based on their initial
presentation. Both scoring systems are essential in guiding
clinical decision-making, risk stratification, and treatment
approaches for patients experiencing GI hemorrhages [6].

The primary aim of this study was to conduct a com-
prehensive comparison between the Rockall and Glasgow-
Blatchford scoring systems, both of which have been de-
veloped to assess patients presenting with GI bleeding.
Specifically, the study aimed to evaluate the effectiveness
of these scoring systems in predicting three critical clinical
outcomes: the need for blood transfusions, the likelihood
of requiring admission to an ICU, and the overall mortality
associated with GI bleeding. By analyzing these outcomes,
the study sought to determine which scoring system pro-
vides better clinical guidance for clinicians in managing
patients with GI hemorrhages.

METHODS

This study examined a cohort of 199 patients who were ad-
mitted to Gazi Yasargil Training and Research Hospital for
treatment of upper gastrointestinal bleeding over a period
spanning from October 1, 2020, to October 1, 2024. We
meticulously gathered demographic information regarding
each patient, including their age and gender at the time
of admission. Additionally, we recorded vital signs, such
as pulse rate, systolic and diastolic blood pressure, which
are critical indicators of a patient’s cardiovascular status.
We also tracked the duration of each patient’s stay in the
intensive care unit, as well as their overall hospital admis-
sion length. Furthermore, we documented any existing
comorbidities of the patients to provide a comprehensive
overview of their health profiles. This study was conducted
in accordance with the Declaration of Helsinki.

Patients were enrolled in the study according to pre-
defined inclusion criteria outlined below:

Inclusion criteria:

o (= 18 years) with confirmed upper gastrointestinal

(GI) bleeding based on endoscopic findings.
Exclusion criteria:
« No endoscopy performed or no endoscopic evidence
of upper GI bleeding

« Upper GI bleeding due to varices or malignancy

o Referral to other medical centers

o Age < 18 years

o Incomplete or missing medical records.

The Rockall Score and GBS of the patients were re-
corded, and analyses of their sensitivity and specificity
were performed.

Calculation of the Rockall Score

The Rockall Score is a clinical scoring system used to assess
the risk of mortality and rebleeding in patients with upper
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gastrointestinal bleeding. It consists of pre-endoscopic and
post-endoscopic components.

1. Pre-endoscopic Rockall Score

The initial (pre-endoscopic) Rockall score is calculated
based on the three parameters shown in Table 1.

2. Complete Rockall Score (post-endoscopic)

Once endoscopy is performed, two additional param-
eters are included to refine the risk assessment (Table 2).

Table 1. Pre-Endoscopic Rockall Scoring System

Category Criteria Score
< 60 years 0
Age 60-79 years 1
> 80 years 2
No shock (SBP = 100 mmHg and 0
Shock HR < 100 bpm)

(hemodynamic | Tachycardia (HR = 100 bpm) but
status) SBP > 100 mmHg

Hypotension (SBP < 100 mmHg) 2
No major comorbidity
Cardiac failure, ischemic heart disease,

Comorbidities | chronic kidney disease, malignancy, or 2
other significant comorbidities
Metastatic malignancy 3

SBP - systolic blood pressure; HR - heart rate; BPM — beats per minute;
maximum pre-endoscopic score: 7

Table 2. Complete Rockall Scoring System (post endoscopic)

Category Criteria Score
) No lesion, Mallory-Weiss tear 0
Epdoscqpm All other diagnoses 1
diagnosis
Malignancy of upper Gl tract 2
) No stigmata of recent hemorrhage 0
Signs of recent Blood in upper Gl tract or adherent clot 2
hemorrhage
Active bleeding (spurting or oozing) 2

Maximum complete Rockall Score: 11
Interpretation of the Rockall Score

« Low Risk (0-2 points): Low mortality and rebleeding
risk; may be managed with early discharge.

» Moderate Risk (3-4 points): Increased risk; requires
closer monitoring.

« High Risk (= 5 points): High mortality and rebleed-
ing risk; often requires ICU admission and intensive
management [1].

Calculation of GBS

GBS is calculated using multiple clinical and laboratory
parameters. The blood urea nitrogen (BUN) level contrib-
utes to the score, with values below 6.5 mmol/L receiving
0 points, 6.5-8 mmol/L scoring 2 points, 8-10 mmol/L
scoring 3 points, 10-25 mmol/L scoring 4 points, and
above 25.0 mmol/L scoring 6 points. Hemoglobin levels
are also considered separately for men and women. In men,
> 13 g/dL is scored as 0, 12-12.9 g/dL as 1, 10-11.9 g/dL
as 3, and < 10 g/dL as 6. In women, > 12 g/dL is scored as
0,10-11.9 g/dL as 1, and < 10 g/dL as 6 (Table 3).
Systolic blood pressure (SBP) is another impor-
tant factor, where values > 110 mmHg receive 0 points,
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100-109 mmHg receive 1 point, 90-99 mmHg receive 2
points, and < 90 mmHg receive 3 points. A pulse rate of >
100 bpm contributes 1 point to the total score. The presence
of melena (black stools) is given 1 point, while syncope adds
2 points. If the patient has hepatic disease, an additional 2
points are assigned. Similarly, the presence of cardiac fail-
ure also contributes 2 points to the overall score (Table 3).

Table 3. Glasgow-Blatchford Scoring System

Parameter Criteria Score
<6.5 0
6.5-8 2
Blood urea nitrogen (mmol/L) 8-10 3
10-25 4
>25 6
>13 0
i 12-12.9 1
Hemoglobin (g/dL, Men) 10-11.9 3
<10 6
>12 0
Hemoglobin (g/dL, Women) 10-11.9 1
<10 6
=110 0
Systolic blood pressure (mmHg) 100-109 !
90-99 2
<90 3
Pulse rate (bpm) >100 1
Melena Present 1
Syncope Present 2
Hepatic disease Present 2
Cardiac failure Present 2

BPM - beats per minute

Interpretation of GBS

o Score = 0 > Very low risk; outpatient management
is safe.
o Score > 1 > Increased risk; hospitalization and further
evaluation are recommended.
o Score > 6 > High risk of severe bleeding and mortality;
requires urgent intervention (endoscopy, transfusion,
ICU admission) [7].

Statistics

The Kolmogorov-Smirnov test was employed to determine
whether the data followed a normal distribution. For data
that were normally distributed, results are presented as
mean + SD, while data that were not normally distributed
are shown as median (IQR). If the non-categorical data
were normally distributed, comparisons were made using
the Student’s t-test. For data that were not normally distrib-
uted, the Mann-Whitney U test was used for comparison.
Categorical data were analyzed using the ¥’ test. Sensitivity
and specificity were assessed using the ROC curve, and
results were compared with the DeLong test. A p-value
of less than 0.05 was considered statistically significant.
The program used for statistical analysis was IBM SPSS
Statistics, Version 26.0 (IBM Corp., Armonk, NY, USA).

‘ DOI: https://doi.org/10.2298/SARH250407059K
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Ethics: Ethics committee approval for this study was
obtained from the Ethics Committee of Gazi Yasargil
Education and Research Hospital on March 28, 2024,
with approval number 403. The study was conducted in
accordance with the Declaration of Helsinki and its ethi-
cal principles.

RESULTS

ICU admission and sex distribution: Among male pa-
tients, 110 individuals (74.8%) were admitted to the ICU,
while 37 individuals (25.2%) were not. Among female pa-
tients, 38 individuals (73.1%) were admitted to the ICU,
whereas 14 individuals (26.9%) were not. A total of 199
patients were evaluated for ICU admission, with a p-value
of 0.803; this indicates no statistically significant difference
(p =0.803) (Table 4).

Mortality and sex distribution: Among male patients,
138 individuals (93.2%) were discharged, while nine indi-
viduals (6.8%) died. Among female patients, 48 individuals
(92.3%) were discharged, whereas four individuals (7.7%)
died. A total of 199 patients were assessed for survival sta-
tus, with a p-value of 0.694. There is no significant differ-
ence in mortality rates between male and female patients
(p = 0.694) (Table 5).

Table 4. Admission to the intensive care unit (ICU) according to sex

Sex Admitted to ICU Not admitted to ICU | Total
Male 110 37 147
Female 38 14 52
Total 148 51 199
Table 5. Mortality according to sex
Sex Discharged Exitus (death) Total
Male 138 9 147
Female 48 4 52
Total 186 13 199
p-value: 0.694

Age distribution: The median age of male patients was
57 years (IQR 72), while the median age of female patients
was 77.5 years (IQR 80), and this age difference was found
to be statistically significant (p < 0.001), suggesting that fe-
male patients with upper GI bleeding were generally older
than their male counterparts (Table 7).

Vital signs: The median pulse rate was 88 bpm for both
males (IQR 81) and females (IQR 85), with no statisti-
cally significant difference between the groups (p = 0.645)
(Table 5). Similarly, the median systolic blood pressure
was 115 mmHg in males (IQR 135) and 110.5 mmHg
in females (IQR 130), showing no significant difference
(p = 0.746) (Table 6). Although the median diastolic blood
pressure was slightly higher in males (70 mmHg, IQR 65)
compared to females (63.5 mmHg, IQR 68), the differ-
ence approached but did not reach statistical significance
(p = 0.063) (Table 7).

Length of stay: The total length of hospital stay was
similar between male and female patients, with a median
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of five days (IQR 150) for males and 5.5 days (IQR 33)
for females, showing no statistically significant difference
(p = 0.835) (Table 6). Likewise, the median length of stay in
the ICU was two days for both sexes — males (IQR 151) and
females (IQR 35) - with no significant difference observed
(p = 0.608) (Table 7).

Endoscopic results: Among 199 patients who un-
derwent endoscopy, peptic ulcer was the most common
finding, observed in 91% of cases. Other lesions were in-
frequent, including erosive gastritis and esophagitis (2%
each), angiodysplasia (1.5%), and erosive bulbitis (1%).
Rare findings (0.5% each) included bulbar diverticulum,
gastric antral vascular ectasia, esophageal ulcer, and du-
plicate entries of erosive gastritis and bulbitis (Table 6).

Table 6. Endoscopic results of the patients

Endoscopic lesion Frequency Percentage
Peptic ulcer 181 91%
Erosive gastritis 4 2%
Esophagitis 4 2%
Angiodysplasia 3 1.5%
Erosive bulbitis 2 1%
Bulbar diverticulum 1 0.5%
Erosive bulbitis (alternate entry) 1 0.5%
Erosive gastritis (alternate entry) 1 0.5%
Gastric antral vascular ectasia 1 0.5%
Esophageal ulcer 1 0.5%

Clinical scores: The GBS had a median value of 11
(IQR 16) for males and 11.5 (IQR 16) for females, with
a statistically significant difference observed (p = 0.012),
indicating a slightly higher risk profile in female patients
(Table 6). Similarly, the Rockall Score was significantly
higher in females, with a median of 5 (IQR 8) compared
to 3 (IQR 8) in males (p = 0.01), suggesting a greater likeli-
hood of adverse outcomes among female patients (Table 7).

Laboratory and transfusion parameters: The mean
hemoglobin level was significantly lower in female patients
(7.63 £ 2.16 g/dL) compared to males (9.72 + 2.92 g/dL),
with a p-value of < 0.001, indicating a highly significant
sex difference (Table 6). However, the median number of
erythrocyte transfusions was the same for both sexes at two
units, though the IQR was 33 for males and 22 for females;

Table 7. Descriptive analysis of patients according to sex

this difference was not statistically significant (p = 0.11)
(Table 7).

1. Blood transfusion prediction

» GBS: AUC = 0.887 (95% CI: 0.835-0.932)

 Rockall: AUC = 0.786 (95% CI: 0.717-0.844)

e Z=35.16, p < 0.001 > GBS significantly outper-
forms Rockall (Figure 1).

2. ICU admission prediction

 Rockall: AUC = 0.624 (95% CI: 0.531-0.714)

» GBS: AUC = 0.604 (95% CI: 0.512-0.682)

o Z=-7.87,p <0.05 > Rockall slightly better, but both
scores show poor to fair predictive value (Figure 2).

3. Mortality Prediction

« Rockall: AUC = 0.847 (95% CI: 0.735-0.937)

» GBS: AUC = 0.837 (95% CI: 0.704-0.939)

o Z=-1.18, p = 0.239 > No significant difference; both
show good predictive performance (Figure 3).

DISCUSSION

This study included 199 patients who presented with up-
per GI bleeding and were being followed up at our hospi-
tal. Demographic data of all patients were recorded. The
primary objective of the study was to evaluate the role of
the Rockall and GB scoring systems — which are specifi-
cally developed for patients with GI bleeding —in predict-
ing the need for blood transfusion and ICU admission.
Additionally, the study aimed to assess the effectiveness
of these scoring systems in predicting mortality.

In upper GI bleeding, there is a general male predomi-
nance, with the condition typically occurring at a ratio of
approximately 2:1 in favor of males. Additionally, male pa-
tients tend to be younger at the time of diagnosis compared
to female patients [8, 9]. In our study, the male-to-female
ratio was consistent with these previously reported trends,
with 147 male patients and 52 female patients included
in the analysis. When comparing age distribution, male
patients had a median age of 57 years (IQR 72), whereas
female patients had a median age of 77.5 years (IQR 80).
This indicates that female patients were significantly older
than their male counterparts, and this difference was found

to be statistically significant (p < 0.001).
Although significant differences were ob-

SBP - systolic blood pressure; DBP - diastolic blood pressure; LOS - length of stay; ICU - intensive

care unit; IQR - interquartile range;

p-values < 0.05 were considered statistically significant
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R Male (n = 147) | Female (n = 52) p served between the two groups in terms of
Age (years) median + IQR 57(18-90) | 77.5(20-100) | <0.001 numerical distribution and age, statistical
Pulse (beats/minute) median + IQR 88(55-136) | 88(60-145) | 0.645 analyses revealed no significant association
SBP (mmHg) median + IQR 115 (65-200) | 110.5 (75-205) | 0.746 between gender and ICU admission rates
DBP (mmHg) median + IQR 70 (35-100) | 63.5(42-110) | 0.063 (p = 0.803) or gender and mortality rates
LOS (days) median + IQR 5(1-151) 5.5 (2-35) 0.835 (p = 0.694). This suggests that while demo-
LOS in ICU (days) median + IQR 2(0-151) 2(0-35) 0.608 graphic characteristics differ, gender does
Glasgow-Blatchford Score median £ 1QR | 11 (2-18) 11.501-17) | 0.012 not appear to be an independent predictor
Rockall Score median + IQR 3(1-9) 5(1-9) 0.01 of ICU requirement or mortality risk in pa-
Hemoglobin mean + SD 9.72£2.92 763+2.16 | <0.001 tients with upper GI bleeding.

Number of transfusions (erythrocyte) 2(0-33) 2(0-22) 011 In the comparison of vital signs and lab-
median + IQR oratory parameters between the two groups,

no statistically significant differences were
generally observed. This included pulse
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Figure 1. Receiver operating characteristic (ROC) curve of Rockall and
Glasgow-Blatchford Scores for transfusion need

ROC Curve for ICU Admission Prediction
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Figure 2. Receiver operating characteristic (ROC) curve of Rockall and
Glasgow-Blatchford Scores for ICU admission prediction
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Figure 3. Receiver operating characteristic (ROC) curve of Rockall and
Glasgow-Blatchford Score for mortality
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rate, systolic blood pressure, and diastolic blood pres-
sure, with p-values of 0.645, 0.746, and 0.063, respec-
tively. Similarly, no significant differences were detected
in terms of ICU admission rates (p = 0.835) or overall
hospital length of stay (p = 0.608). However, a statistically
significant difference was found in the hemoglobin levels at
the time of hospital admission (p < 0.001). This difference
may be attributed to the lower hemoglobin levels observed
in female patients compared to males, which could be as-
sociated with the older age profile of female patients in
this study. Studies suggest that lower baseline hemoglobin
levels in women are often linked to physiological factors,
such as menstrual blood loss and differences in iron stor-
age capacity, as well as age-related declines in hematopoi-
etic function [10]. Furthermore, older patients — especially
postmenopausal women — may have reduced erythropoi-
etin production and lower bone marrow responsiveness,
contributing to their increased susceptibility to anemia
[11]. In addition, the lower hemoglobin levels observed
in female patients compared to their male counterparts
may be influenced by multiple factors, such as chronic
nutritional deficiencies (e.g., iron deficiency) and the
frequent use of non-steroidal anti-inflammatory drugs,
which are known to cause gastrointestinal mucosal damage
and bleeding. These factors, individually or in combina-
tion, may contribute to the higher prevalence of anemia
in women [12].

Gastrointestinal bleeding poses a significant risk in
terms of hospital admissions and mortality. To minimize
this risk and improve patient management, various risk
scoring systems have been developed to assess disease se-
verity, predict clinical outcomes, and guide treatment deci-
sions effectively [13]. This condition has multiple clinical
and economic implications, particularly affecting gastro-
intestinal interventions and healthcare resource utilization.
Therefore, it is crucial for clinicians to be aware of these
potential outcomes to optimize patient management and
decision-making [14]. Among the risk scoring systems
developed for this purpose, the Rockall Score and the GBS
are among the most widely used. These scoring systems
provide valuable insights into the need for blood transfu-
sion, ICU admission, and overall mortality risk, helping
clinicians make informed decisions in the management of
gastrointestinal bleeding [15]. In the study conducted by
Robertson et al. [16], the GBS was found to be superior to
the Rockall Score in predicting the need for blood trans-
fusion. However, in terms of mortality prediction, both
scoring systems demonstrated comparable accuracy [16].

In our study, the GBS demonstrated superior per-
formance in predicting the need for blood transfusion
compared to the Rockall Score, and this difference was
found to be statistically significant (AUC = 0.887 vs. 0.786,
Z-score = 35.16, p < 0.001). This finding highlights the
practical advantage of using GBS in transfusion assess-
ment, as it offers a more effective and convenient tool for
clinical decision-making. However, when evaluating ICU
admission, both the Rockall and GBS scores had rela-
tively low AUC values, indicating poor predictive power
(AUC = 0.624 vs. 0.605). Despite the statistically significant
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difference (p < 0.05), the low AUC values suggest that nei-
ther scoring system is highly reliable for predicting ICU
admission. Nevertheless, the Rockall Score outperformed
GBS in this context. Regarding mortality prediction, the
Rockall Score (AUC = 0.847) and GBS (AUC = 0.837)
exhibited similar performance, with no statistically sig-
nificant difference between the two scores (p = 0.239).
This suggests that both scoring systems have comparable
predictive power in estimating mortality risk in patients
with upper GI bleeding.

CONCLUSION

GBS is superior to the Rockall Score in predicting blood
transfusion need, making it a more practical tool for clini-
cal decision-making. However, both scores show poor pre-
dictive power for ICU admission, with the Rockall Score
performing slightly better. In mortality prediction, both
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scores are comparable with no significant difference. While
GBS is preferable for transfusion assessment, additional
factors may be needed to improve ICU and mortality pre-
dictions.

ACKNOWLEDGMENT

Contributions: JK: conceptualization, formal analysis,
methodology, writing - original draft; OFA: data collec-
tion, writing; MO: writing — review and editing; IS: con-
ceptualization, editing.

Availability of data and materials: The authors confirm
that most of the data used in this article can be found in
Tables 1-6, Figures 1, 2 and 3. Any additional data are
available on request.

Conflict of interest: None declared.

10. MacLean B, Sholzberg M, Weyand AC, Lim J, Tang G, Richards
T. Identification of women and girls with iron deficiency in the
reproductive years. Int J Gynaecol Obstet. 2023;162 Suppl 2:58-
67.[DOI: 10.1002/ijgo.14948] [PMID: 37538015]

11.  Oyedeji Cl, Artz AS, Cohen HJ. How | treat anemia in older adults.
Blood. 2024;143(3):205-13. [DOI: 10.1182/blood.2022017626]
[PMID: 36827619]

12.  Kachroo S, Stewart J, Mahajan P, Silva M. Gastrointestinal
complications of NSAIDs: current perspectives. Clin Exp
Gastroenterol. 2021;14:431-43. [DOI: 10.2147/CEG.5300208]

13.  Campbell HE, Stokes EA, Bargo D, Logan RF, Mora A, Hodge
R, et al. Costs and quality of life associated with acute upper
gastrointestinal bleeding in the UK: cohort analysis of patients in a
cluster randomised trial. BMJ Open. 2015;5(4):e007230.

[DOI: 10.1136/bmjopen-2014-007230] [PMID: 25926146]

14.  Alzoubaidi D, Lovat LB, Haidry R. Management of non-variceal
upper gastrointestinal bleeding: where are we in 2018? Frontline
Gastroenterol. 2019;10(1):35-42.

[DOI: 10.1136/flgastro-2017-100901] [PMID: 30651955]

15.  Bryant RV, Kuo P, Williamson K, Yam C, Schoeman MN, Holloway
RH, et al. Performance of the Glasgow-Blatchford score in
predicting clinical outcomes and intervention in hospitalised
patients with upper Gl bleeding. Gastrointest Endosc.
2013;78(4):576-83. [DOI: 10.1016/j.gie.2013.05.003]

[PMID: 23790755]

16. Robertson M, Majumdar A, Boyapati R, Chung W, Worland T,
Terbah R, et al. Risk stratification in acute upper Gl bleeding:
comparison of the AIMS65 score with the Glasgow-Blatchford and
Rockall scoring systems. Gastrointest Endosc. 2016;83(6):1151-60.
[DOI: 10.1016/j.gie.2015.10.021] [PMID: 26515955]

www.srpskiarhiv.rs

367



368

Kilic J. et al.

MpoueHa nporHocTuuKe BpeaHocTH Pokanose u Masros-bnaudpoppose ckane
60a0Baba KOA HEBAPMKO3HOT KPBaperba U3 ropHEer raCTPOUHTECTUHANHOT TPAKTA

Kexat Knnuny', Omep Qapyk Anakyw', Maxcym O3aH?, Mixcan Conmas’

'YHuBep3uTeTCKa 60MHMLa 3a 00yKy 1 NCTpaxuBarba fasu Jawaprin', Ogersere 3a MHTepHY MeanLUmHy, Aujapbakup, Typcka;
“MuHMCTApCTBO 3MpaBsba, [lpKaBHa 6onHuLa Juune’, Onerberbe 3a MHTEpHY MeaunLUMHy, Qnjap6akup, Typcka

CAMXETAK

YBoa/Lwnb KpBapere 13 roprer raCTPOMHTECTMHAHOT TPaKTa
npeacTaB/ba 036MbHO MEAULIMHCKO XUTHO CTakbe Koje 3axTeBa
6p3y NpoLeHy 1 nHTepBeHLKjy. PaznuunTe ckane 3a ctpatndu-
Kauujy pusnka, ykibyuyjyhu Pokanosy 1 nasros-bnaudopnosy
ckany 6opoBatba (T6C), KopucTe ce 3a npeasrharbe KIMHUYKIX
CXO0AA Kao LUTO Cy MOPTANIUTET, NpUjeM Y jeAUHULY UHTEH3VNBHE
Here 1 noTpeba 3a TpaHcdy3njom KpPBY.

MeTope Y cTyaujy je ykibyueHo 199 60necHKa NPUMIbEHNX Y
Hallly 60nHWLY 360r HEBapPUKO3HOT KpBapekba 3 ropkber ra-
CTPOUHTECTUHANHOT TpaKTa y nepuogy of 1. oktobpa 2020. o
1. okTOOpa 2024. roguHe. 3abenexxeHu cy aemorpadcki nogawm,
BUTaNHW 3HaLW (Mync, CUCTOMHM U ANjacTONHN KPBHU NPUTHCAK),
JyXUHa 6opaBKa y 601HMLM 1 Ha UIHTEH3UBHO] He3u, KOMopOu-
anTeTy 1 ynotpeba nekoBa. 3a cBakor 6onecHrKa n3pavyHaTu
cy Pokanosu 1 I'bC ckopoBWU, a b1x0Ba NPeANKTUBHA BPEAHOCT
npoLerbeHa je aHann3oM CeH3UTUBHOCTU 1 CMELMPUUHOCTN.
Pesynrtatn I6C (AUC = 0,887) nokasao je 60sby NpeanKTne-
HY BPEHOCT 3a TpaHcdy3ujy KpBu y nopehery ca Pokanosom

DOI: https://doi.org/10.2298/SARH250407059K

ckanom (AUC = 0,786, p < 0,001). MehyTnm, 0ba pesyntata no-
Ka3sana cy cnaby npefuKTVBHY CNOCOOHOCT 3a MpujeM Y jenu-
HULY NHTeH3nBHe Here (AUC = 0,624 npema 0,605, p < 0,05),
npu yemy je Pokanosa ckana Hagmalwuwna MbC. 3a npeasuharbe
MopTanuTteTa, oba pesynTata Cy ce nokasana ciimyHo (Pokan:
AUC=0,847,TbC: AUC = 0,837, p = 0,239), WITO He yKa3yje Ha
3HayvajHy pasnuky.

3akmyuak [6C Hagmallyje PokanoBy ckany y npeasuhary
notpebe 3a TpaHCPy3Kjom KpPBY, JOK 06a CKopa nokasyjy cnab
YUYMHAK Y NPeAnKLMjn Npujema y jefUHNLY NHTEH3UBHE Here,
npwu yemy je PokanoBa ckana HelwuTo 6osba. Y npeasuharby Mop-
TanuTeTa, oba ckopa cy ynopeavsa. [6C je norogHuja 3a npo-
LieHy notpebe 3a TpaHcdy3ujom, anv gogatHr GakTopu mory
no6osbLLaTV NPeANKLKjY Mprjema y jeANHULY MHTEH3MBHE Here
1 MopTanuTeTa.

KrbyuHe peuu: KpBapere 13 racCTpOVHTECTVHANIHOT TPaKTa;

PokanoBsa ckana; [masroe-bnaupopposa ckana; MopTanuTeT;
TpaHcdy3mja
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SUMMARY

Introduction/Objective Atypical endometrial hyperplasia (AEH) and endometrial intraepithelial neo-
plasia (EIN) are precursor lesions of endometrioid adenocarcinoma, often detected at an early stage in
reproductive-aged women, where fertility-sparing treatment (FST) is crucial.

This study aimed to evaluate diagnostic methods, treatment strategies, and outcomes of FST approaches
in Novi Sad, Serbia.

Methods This retrospective observational pilot study evaluated reproductive-aged patients with AEH
or FIGO IA1 EIN treated at the University Clinical Center of Vojvodina.

Results A total of 21 reproductive-aged patients (mean age 37.2 £+ 4.31 years) were analyzed, with
AEH being the most common diagnosis in 14 (67%) patients. Most patients, 19 (90%), were referred for
oncofertility consultation (p < 0.001), and 17 patients (81%) were recommended fertility-preserving
treatments. The Mirena (Bayer AG, Leverkusen, Germany) levonorgestrel-releasing intrauterine system
was the most common treatment modality in 14 (67%) patients (p < 0.001), especially among those plan-
ning future pregnancies, 11 (100%) (p < 0.05). Psychological counseling was considered important by
14 patients (67%). Seven patients (33%) achieved pregnancy post-treatment, all resulting in live births,
with four spontaneous and three in vitro fertilization pregnancies. Younger patients were more likely to
plan future pregnancies (mean age 34.2 vs. 40 years, p < 0.001) and to achieve pregnancy post-treatment
(mean age 33.6 vs. 39.1 years, p < 0.001).

Conclusion Our study confirmed that fertility-preserving treatment for endometrial lesions is effective,
aligns with guidelines, and addresses the shift toward younger patients, highlighting the need for uniform
protocols and a unified registry.

Keywords: endometrial hyperplasia; endometrial neoplasms; fertility preservation; pregnancy; preg-

nancy rate

INTRODUCTION

Atypical endometrial hyperplasia (AEH), or
endometrial intraepithelial neoplasia (EIN), is
a precursor to endometrioid endometrial carci-
noma (EEC), the most common gynecological
malignancy in developed countries [1]. It results
from unopposed estrogen stimulation and is as-
sociated with obesity, chronic anovulation, early
menarche, late menopause, or estrogen-secreting
tumors. AEH is characterized by abnormal gland-
to-stroma ratio with atypical cellular features and,
if untreated, can progress to EC [2, 3].
Endometrial carcinoma (EC), which account-
ed for 420,368 cases globally in 2022, represents
4.5% of all female cancers. Its incidence has risen
by 130% in the last 30 years, with the highest
rates in North America and Eastern Europe [4].
Although most cases occur in women over 50,
incidence, especially among those with obe-
sity or who smoke, is increasing. Around 4%

of cases affect women under 40, prompting a
growing interest in fertility preservation due
to early-stage diagnosis and good prognosis.
Fertility-sparing treatment (FST) is becoming
more common [5-8]. The traditional treatment
for EEC typically involves hysterectomy with or
without salpingo-oophorectomy [7]. However,
for young patients with early-stage endometrial
cancer who wish to preserve fertility, several FST
approaches can be considered. When evaluating
the possibility of an FST approach, the following
criteria must be met: the cancer must be EEC
G1, and the disease must be confined to the
endometrium, confirmed by imaging diagnostics
such as pelvic MRI or transvaginal ultrasound
[9, 10]. Additionally, there must be no evidence
of suspicious or metastatic disease on imaging,
and there should be no contraindications for
medical therapy. Patients must also be well-
informed that FST is not the standard therapy
for endometrial cancer. FST approaches are not
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Identified Patients
(N=21)

Diagnosis (AEH=14;
G1=4; G2=3)

Pregnancy Achieved
Post-Treatment n=7

Diagnostic Modality
(D&C=12;
Hysteroscopy=9)

Reffered for
Oncofertility
Consultation (n=19)

Recommended
Fertility-Preserving
Treatment (n=17)

Treatment Modalities

IUS Mirena (n=14)

Psychological

(IVF=3; Spontaneous
=4)

Counseling (n=14)

Figure 1. Flow diagram regarding patient selection, diagnostic approaches, treatment modalities, and reproductive outcomes in the cohort

recommended for patients with poorly differentiated EEC,
serous EC, clear-cell EC, or carcinosarcoma [10].

The aim of this study was to present and analyze the
current practices in diagnosing and treating premalignant
and malignant endometrial changes in reproductive-age
women wishing to preserve fertility in Novi Sad, Serbia.
It also aimed to comprehensively analyze oncological and
reproductive outcomes, including the use of assisted re-
productive technologies, and to assess the adequacy of the
existing treatment approach in line with recommendations
from relevant bodies. The study emphasizes the need for a
uniform approach to the issue and proposes recommenda-
tions for diagnosis and treatment tailored to the specifics
of our healthcare system to optimize both oncological and
reproductive outcomes.

METHODS

The study was conducted as a retrospective pilot clinical
investigation, utilizing data extracted from medical re-
cords and relevant anamnesis information at the Clinic of
Gynecology and Obstetrics, University Clinical Center of
Vojvodina. This included patients with a primary diagnosis
of the conditions made at other healthcare institutions,
provided they had undergone appropriate pathological

verification.

Patients and data collection

The research included a cohort of 21 patients treated between
January 2017-May 2023, all diagnosed with pathologically
confirmed EC or corresponding premalignant lesions, with
the common goal of fertility preservation. As this was a
retrospective pilot study aiming to explore feasibility and
trends in fertility-preserving management, a formal sample-
size calculation was not performed; all eligible cases treated
at the institution during the study period were included to
maximize data capture and generate preliminary insights.
Inclusion criteria required histopathological confirmation
of diagnosis, availability of complete medical records, and
a documented decision-making process regarding FST.

‘ DOI: https://doi.org/10.2298/SARH25070306 1M

Pathological confirmation was achieved through histologi-
cal analysis of endometrial biopsy specimens.

The study was conducted in three phases: during the
tirst phase, data relevant to the research objectives were
collected from medical records and patient histories; in
the second phase, the collected data were subjected to
statistical analysis; and in the third phase, the results were
compared against current expert guidelines. These guide-
lines included those of the European Society of Human
Reproduction and Embryology (ESHRE), the European
Society of Gynecological Oncology (ESGO), and the
European Society for Gynecological Endoscopy (ESGE),
with the goal of generating tailored recommendations
suitable for the context of our healthcare system. A simple
flow diagram was added to illustrate patient selection, diag-
nostic approaches, treatment modalities, and reproductive
outcomes in the cohort (Figure 1).

Upon completion of the study, the data were thoroughly
verified by the authors, coded for analysis, and entered into
a specially designed database. The study results were sub-
sequently presented both in tabular and graphical formats
for clearer interpretation and presentation.

Statistical analysis

Statistical analysis was conducted using IBM SPSS Statistics,
Version 26.0 (IBM Corp., Armonk, NY, USA). Descriptive
statistics were employed to calculate absolute frequencies,
corresponding percentages, mean values, and standard
deviations, based on the nature of the variables. To as-
sess differences, the Mann-Whitney U test was used for
comparing mean values of ordinal variables, while the
x* test was applied to evaluate differences between cat-
egorical variables. A p-value below 0.05 was interpreted
as statistically significant. Data analysis and visualization
were performed using Microsoft Office 2021 (Microsoft
Corporation, Redmond, WA, USA).

Ethics: The research was performed in line with the
Declaration of Helsinki and was approved by the University
Clinical Center of Vojvodina Ethics Committee (Document
No 6-00-97, May 19, 2023).
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RESULTS

The sample consisted of 21 patients (with no missing
data), with a mean age of 37.2 + 4.31 years, ranging 29-43
years. Table 1 shows the frequency of patients according
to the pathological findings, with AEH being statistically
significantly more common. Out of 21 patients, 14 had
AEH, four had EEC G1, and three had EEC G2.

An analysis of the data shows that in twelve patients, the
pathological findings were obtained through cervical dilation
and curettage (D&C), while in nine patients, the findings
were obtained via hysteroscopy (HSC). Although there is
a difference in frequencies, it is not statistically significant
(p = 0.664), indicating a relatively uniform distribution.

Looking at the data in Table 2, it is evident that the ma-
jority of patients had already fulfilled the role of a mother
prior to diagnosis. The highest number of patients, 19,
responded affirmatively to the second question, indicating
they were referred to an oncofertility consultation after the
diagnosis, and this difference was statistically significant
(p < 0.001). Although no statistically significant differ-
ences were found in the remaining binary questions, it is
important to note that FST for uterine preservation was
recommended to the majority of patients. More than half
of the patients believed that psychological counseling was
essential in making decisions about further treatment.
Nearly the same number of patients answered both “yes”
and “no” when asked about planning pregnancy after treat-
ment. Of the total number of patients, only seven achieved
pregnancy after oncological treatment, but all pregnancies
resulted in live births.

The majority of patients, 14 in total, were treated with the
Mirena (Bayer AG, Leverkusen, Germany) levonorgestrel-
releasing intrauterine system (IUS). Oral progestins were
recommended for two patients, while surgery was proposed
as the therapeutic modality for four patients. As shown,
Mirena is a statistically significantly more common choice
compared to other options, with this difference being
statistically significant (x* = 24.5, p < 0.001).

After treatment, among the seven patients who achieved
pregnancy, four conceived spontaneously, while three
achieved pregnancies through IVE Regarding the final
question from the anamnesis questionnaire — Was the
uterus removed after the achieved pregnancy? — none of the
seven patients who achieved pregnancy had their uterus
removed following delivery.

An analysis of the association between the applied thera-
peutic modality and the pathological findings (Table 3)
indicates that in cases of AEH, the most common treatment
involved the use of the Mirena IUS, applied in 11 patients.
Surgical treatment was chosen for two patients, and oral
progestins were recommended for one patient. In cases
with pathological findings indicating EEC G1, the most
frequent therapeutic modality was also Mirena, used in
three patients, while surgery was performed in one case.
For pathological findings consistent with EEC G2, surgery
was the treatment of choice for two patients, while oral
progestins were used in one case. The x> test results show
no significant association between the therapeutic modality

Srp Arh Celok Lek. 2025 Jul-Aug;153(7-8):369-374

Table 1. Distribution of patients according to pathological findings

E:i;\i;)glsstologmal N (%) 5
AEH 14 (66.7) 0.189
EEC G1 4(19) 0.007
EEC G2 3(14.3) 0.001
Total 21 (100)

AEH - atypical endometrial hyperplasia; EEC - endometrioid endometrial
carcinoma

Table 2. Distribution of patient responses to binary questions from
the anamnesis questionnaire

Question answered with ‘Yes' N (%) p
D.O you have living children prior to the 14(667)| 0.189°
diagnosis?
When was your diagnosis made, and
were you presented to the oncofertility 19(90.5) | <0.0012
consultation?
If presented to the oncofertility consultation,
was fertlllty—presnglng treatment for ) 17 (81) 0.0072
uterine preservation and further oncological
treatment recommended?
Do you think you should have received
psychological counseling before making this | 14 (66.7) | 0.189°
decision?
Did you !olan pregnancy after completing 10(47.6) 1.000°
oncological treatment?
Did you achieve pregnancy after oncological 7(333) | 0.189°
treatment?
Did the pregnancy result in a live birth? 7 (33.3) 0.189*
Total 21 (100)

ax? test

Table 3. The association between pathological findings and the type
of prescribed therapy

Therapeutic Pathohistological findings
modalities AEH | EECG1 | EECG2 |Total | ¥ |df | p
Mirena 11 3 0 14
Medication 1 0 1 2

: 11.2| 8 | 0.08°
Operation 2 1 2 5
Total 14 4 3 21

AEH - atypical endometrial hyperplasia; EEC - endometrioid endometrial
carcinoma;
2%’ test

Table 4. Association between future pregnancy planning and the
applied therapy modality

Pregnancy Therapeutic modalities

planning | Mirena | Medication | Operation | Total | ¥ p
Yes 11 0 0 1

No 4 2 4 10 |9.90| <0.05°
Total 15 2 4 21

ax? test

and the pathological findings. However, due to the small
sample size within the categories, this finding should be
interpreted with caution.

When analyzing the association between future pregnancy
planning and the applied therapy modality (Table 4), it is
evident that in the group of patients planning pregnancy,
the Mirena IUS was exclusively used as the therapy of
choice, applied in 11 cases. Patients treated with medications
and/or surgery did not plan pregnancies. According to the
results presented in Table 4, patients with the Mirena IUS
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Table 5. Differences in future pregnancy planning by age

Pregna.ncy N Mean | Median D SE U p
planning (years) | (years)
Yes 10| 342 335 |3.58] 1.13
10.00 | <0.001°
No 1 40 39 |283]0.853

®Mann-Whitney U test

Table 6. Age of patients in relation to the occurrence of pregnancy
after oncological treatment

Pregnancy | N | Mean (years) | Median (years) | SD SE
Yes 7 33.6 33 3.78 1.43
No 14 39.1 39 3.34 | 0.892

were more likely to plan a pregnancy, and this difference
is statistically significant (x* = 9.90, p < 0.05).

When examining the association between future pregnan-
cy planning and pathological findings, the results indicate
no significant difference in future pregnancy planning based
on the patients’ pathological findings (x* = 93.96, p < 0.13).

The results show that patients with an average age of
34.2 + 3.58 years planned future pregnancies, while those
with an average age of 40.0 * 2.83 years did not. According
to the Mann-Whitney U-test, there is a significant age dif-
ference between patients in relation to future pregnancy
planning. Patients who planned future pregnancies were
significantly younger than those who did not (U = 10.00,
p < 0.001) (Table 5).

We observe that patients who had live births prior to their
diagnosis are more likely not to plan a future pregnancy,
and this difference is statistically significant (x> = 6.11,
p <0.01). There is no significant difference in the frequency
of pregnancies following oncological treatment based on
the patients’ pathological findings (x> = 2.20, p < 0.33).

According to the results of the Mann-Whitney U-test,
there is a significant difference in patient age concerning
the occurrence of pregnancy after oncological treatment.
Patients who became pregnant following oncological treat-
ment are significantly younger than those who did not
(U =14.00, p < 0.001) (Table 6).

DISCUSSION

The selection of patients for FST is critical. Major oncol-
ogy societies, including the Japan Society of Gynecologic
Oncology (JSGO), the ESGO, and the Society of Gynecologic
Oncology (SGO), have established criteria for considering
FST options in cases of AEH and EEC [11, 12, 13]. They
recommend FST for patients with EEC G1 suspected to be
confined to the endometrium. The British Gynecological
Cancer Society (BGCS) also supports FST for patients
with EEC G1 exhibiting superficial myometrial invasion,
although for a limited duration [14]. According to joint
ESGO, ESHRE, and ESGE guidelines, FST is a viable op-
tion for early-stage patients with no metastasis, selected
based on comprehensive reproductive potential assessment
[13, 14, 15]. These criteria typically apply to patients with
AEH or EEC GI confined to the endometrium, with no

‘ DOI: https://doi.org/10.2298/SARH25070306 1M
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myometrial invasion and minimal risk of local invasion or
metastatic spread. Recent studies suggest that conserva-
tive treatment may be considered on a case-by-case basis
for women with early-stage G2 EEC (stage IA) or EEC
G2 with minimal myometrial invasion (1-2 mm). These
histopathological criteria were previously used to exclude
FST [16, 17]. Furthermore, other studies [18, 19, 20] have
emphasized the diagnostic challenge in distinguishing
AEH from well-differentiated carcinoma, with substantial
interobserver variability and frequent underdiagnosis of car-
cinoma in initial biopsy specimens. Discrepancies between
D&C and final hysterectomy pathology are particularly
well-documented, often revealing occult carcinoma that
was not detected initially. This diagnostic uncertainty can
influence treatment decisions and underscores the need for
accurate sampling, ideally through hysteroscopically-guided
biopsy. Additionally, studies highlight the role of molecular
profiling (e.g., POLE, p53, MMR status) and histopatho-
logic risk factors such as lymphovascular space invasion
(LVSI), deep myometrial invasion, and tumor grade in
determining suitability for conservative management [21].
These parameters are increasingly recognized as critical in
identifying patients for whom FST approaches may pose
unacceptable oncologic risks. Our study did not include
molecular or immunohistochemical analysis, limiting the
ability to stratify patients based on more refined risk profiles.

In our study, of the 21 patients considered for FST, 14
had histopathological findings indicating AEH, four had
EEC G1, and three had EEC G2, aligning with current
guidelines. The selection of candidates for FST should
include an assessment of ovarian reserve, anti-Miillerian
hormone levels, antral follicle count, FSH levels (on days
2-5), age, and body mass index (BMI), as well as any factors
that could affect the patient’s ability to carry a pregnancy.
Patients with diminished ovarian reserve may still benefit
from FST if they opt for oocyte donation.

As women increasingly delay childbirth, with the average
age for first-time mothers in the EU rising to 29.4 years
in 2019, age remains a significant prognostic factor for
fertility, including in patients with AEH or EEC. In our
study, the average age was 37.2 years, with the youngest
patient being 29 and the oldest 43, which exceeds the up-
per range of typical age data. Recent meta-analyses show
that women with EEC under 35 have the highest chance
of live birth rate (30.7%), while those under 40 have a live
birth rate of 23% [22].

When examining the relationship between age at diag-
nosis and plans for future pregnancies, our study found a
significant difference: younger patients were more likely to
plan for pregnancy (U = 10.00, p < 0.001). Similarly, patients
who achieved pregnancy after oncological treatment were
significantly younger (U = 14.00, p < 0.001). However, there
was no significant difference in pregnancy plans based on
histopathological findings (x> = 93.96, p < 0.13), consistent
with current literature.

The diagnostic procedures for EC include endome-
trial biopsy, with several methods used, including pipelle
sampling, cervical dilation and curettage (D/C), and hys-
teroscopically-guided biopsy. In our study, 12 patients had
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histopathological findings from D/C, while nine had results
from hysteroscopy. Despite its limitations, D/C has long
been favored for obtaining biopsy samples. Studies have
shown that D/C samples less than 50% of the endometrial
cavity, with up to 10% of lesions missed, particularly focal
abnormalities. Consequently, hysteroscopy is now consid-
ered the preferred method for endometrial biopsy [13, 23,
24, 25]. For the past 25 years, hysteroscopy and targeted
endometrial biopsy have been considered the standard in
EC diagnosis. Depending on local findings, a three-step
excision technique may be used, ensuring that the obtained
material is extracted without introducing the forceps into
the operative channel. In cases of atrophic endometrium,
bipolar electrodes and scissors are employed for precise
lesion removal. Office resectoscopes may also be used to
collect larger tissue samples, including subendometrial
tissue. A meta-analysis of 65 studies on hysteroscopy’s ac-
curacy in diagnosing EC found a sensitivity of 86.4% and
specificity of 99.2% [26]. Another meta-analysis, conducted
by European and American researchers, confirmed that
hysteroscopically-guided biopsy is more accurate than blind
biopsy for diagnosing endometrial pathology. Concerns
regarding the potential for tumor cell dissemination dur-
ing hysteroscopy are addressed by studies showing no
impact on disease staging or prognosis [27]. Additionally,
discrepancies in differentiating atypical hyperplasia from
well-differentiated carcinoma, especially when using curet-
tage, are well-documented in the literature.

As with any retrospective observational study, this re-
search has several inherent limitations. Selection bias may
have occurred, as only patients who presented to and were
treated at a single tertiary center were included, potentially
limiting generalizability. Information bias is also possible
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OuyBatbe NN0AHOCTM M OHKONIOLIKMU UCXOAM — PETPOCNEKTUBHA ONcepBaLMoHa
NUNOT-CTYAM]ja Y YHUBEP3UTETCKOj 340aBCTBEHOj YCTaHOBM

lopaH ManenkoBuh'?, CnobopaH Tomuh*4, Mapko bojosuh®S, JeneHa ManeHkoBnh’?
'YHuep3utet y HoBom Cagy, MegnunHcku dakyntet, Kateppa 3a 3gpaBctBeHy Hery, Hosu Cag, Cpbuja;

[lom 3apaemba,Hoeu Cag’, Hosu Cap, Cpbuja;

*Ynusep3utet y Hosom Cagy, MeguumHckm dpakyntet, Katefpa 3a ruHekonorujy v akywepctso, Hosu Cag, Cpbuja;
*YH1BEP3UTETCKM KNMHWYKM LieHTap BojBoauHe, KnuHuKa 3a ruHekonorujy u akywwepctso, Hosu Cag, Cpbuja;
Ynusepautet y HoBom Cagy, MeguuuHckm dpakyntet, Kateapa 3a onkonorujy, Hosu Cag, Cp6uja;

S/HCTUTYT 3a OHKOMOTWjy BojBoamHe, KnnHika 3a papujaunory oHkonorujy, Hosn Cap - Cpemcka Kamenuua, Cpbuja;
’Ynnsep3utet y Hosom Cagy, Meguumtckm dpakyntet, Hosu Cag, Cpbuja;

8 PEA Mepyika’, Hosu Cag, Cpbuja

CAXETAK

YBoa/Uum AtunuyHa xunepnnasuja engomeTpujyma (AXE) n
VHTpaenuTesiHa Heonnasuja engometpujyma (MHE) npepcra-
B/bajy MPEKYP30PHe Nie3unje eHAOMETPNOVAHOT afjleHOKapLm-
HOMa, Koje ce YecTo OTKPUBajy Y paHoj ¢pa3u Kof »KeHa y pe-
NPOAYKTVBHOM 100y, IA€ je ouyBabe NIOJHOCTY Of KIbyUYHOT
3Hauvaja.

Linms oBe cTyamje 610 je fa ce npoLieHe AnjarHOCTNYKE METOAE,
cTpaTervje neyera 1 CXOAW MPUCTYMa OUyBaky MIOAHOCTU Y
Hosom Cagy, Cpbuja.

MeTtope OBa peTpocneKT/iBHa orncepBaLoHa NuaoT-cTyaunja
YKIbyunna je 6onecHuue y penpogyKktmsHom goby ca AXE unm
WHE FIGO IA1 ctagunjyma, neyeHe y YHUBEP3UTETCKOM KIMHNY-
KoM LieHTpy BojsoguHe.

Pesyntati AHanu3npaHa je 21 6onecHnLa y penpoayKTMBHOM
[o6y (npoceyHa ctapocT 37,2 + 4,31 roguHa), npu Yemy je Haj-
yewha gujarHosa 6vna AXE, kog 14 (67%) 6onecHuua. BehuHa
6onecHnLa, bUx 19 (90%), ynyheHa je Ha OHKODepTUITHO ca-
BeToBame (p < 0,001), a 3a 17 6onecHuua (81%) npenopyyeH

DOI: https://doi.org/10.2298/SARH25070306 1M

je TpeTmaH 3a ouyBatbe MNIOJHOCTU. VIHTpayTeprHu cnctem
MupeHa 610 je Hajuewhun moganuTeT Neyera, NpUMerbeH
Kop 14 (67%) 6onecHuua (p < 0,001), nocebHo Ko OHKX Koje
cy nnaHupane TpygHohy — 11 (100%) (p < 0,05). MNcuxonowko
caBeToBatbe je 14 6onecHmua (67%) cmaTtpano BaxHUM. Ce-
Aam 6onecHuua (33%) ocTBapwio je TpyaHohy nocne nevetba,
a CBe Cy pe3ynTuparne XXMM poherbem: UeTUPY CrIOHTaHE 1
Tpu TpyaHohe nomohy UB®. Mnahe 6onecHuue yewwhe cy nna-
Hupane 6yayhy TpyaHohy (MpoceyHa cTapocT 34,2 Hacnpam 40
roguHa, p < 0,001) n octBapune je nocsie neyera (NpoceyHa
cTapocT 33,6 Hacnpam 39,1 roauny, p < 0,001).

3aksbyuak Hala cTyavja noTBpAWAa je Aa je TpeTMaH ouyBatba
NIOAHOCTU KOZ Ne3unja eHgoMeTpujyma edbukacaH, y cknagy
Ca npernopyKama 1 Aa ogroBapa Ha nopacTt y4ecTanocTu KOg,
Mnahrix 6onecHnLa, WTo KCTYe NoTpedy 3a yjeantbeHUM Npo-
TOKOMVMA U LIEHTPANHMM PErUCTPOM.

KrbyuHe peun: eHgomeTpujanHa xunepnnasuja; eHAOMeTpU-
janHe Heonnasme; ouyBare NIOAHOCTY; TPYAHONa; CTOMa TPYA-
Hohe
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Hip function in postoperative physical treatment
after trochanteric fractures intramedullary and
extramedaullary fixation
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Traumatology, Nis, Serbia;
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SUMMARY

Introduction/Objective Postoperative inpatient physical treatment after trochanteric fracture fixation
plays an important role in the hip function restoring and promoting overall recovery. The aim of this
work was to compare initial and final hip range of motions and general muscle strength (GMS), as well
as gender influence on these scores, during the rehabilitation after intramedullary and extramedullary
trochanteric fracture fixation.

Method The outcome of physical treatment (hip flexion, extension and abduction, and GMS) was analyzed
in 49 patients after a trochanteric fracture fixation by an intramedullary nail (IM group) or self-dynamizable
internal fixator (SIF group).

Results There was significant improvement in ranges of all evaluated motions and GMS after postopera-
tive inpatient physical therapy (p < 0.05). There was no significant influence of the gender and age on
the observed functional results (p > 0.05). Hip flexion was slightly more improved in SIF group, while
GMS was slightly more improved in IM group, but close to the level of statistical significance in both the
comparisons (p < 0.2).

Conclusion Inpatient rehabilitation provides significant recovery of injured hip range of motions and GMS
after trochanteric fractures internal fixation. Intramedullary and extramedullary fixation are considered
similar in the rehabilitation outcome following these patients. The degree of osteoporosis, being gener-
ally higher in female patients, does not significantly affect the final functional results.

Keywords: hip function; trochanteric fracture; self-dynamizable internal fixator; intramedullary nail

INTRODUCTION

Hip fractures are considered serious injuries
that can result from falls, various accidents, etc.
Trochanteric fractures, as a type of hip fracture,
are specific to the elderly population. The fre-
quency of hip fractures increases with age, but
trochanteric fractures occur more often in pa-
tients over 75 years of age, while neck fractures
occur in slightly younger patients [1, 2]. As the
age of trochanteric fractures population is often
accompanied by various diseases and poor gen-
eral condition, the treatment is conservative in
just a part of patients. However, more than 90%
of patients with a trochanteric fracture who are

Figure 1. Intramedullary and extramedullary internal

Received  MpummeHo:

. , . fixation methods used in the cases from the study; A - July 23,2024
admitted to the authors’ hospital are treated sur- proximal femoral nail antirotation; B - self-dynamizable Revised - Pesmsuia:
gically by one of the two internal fixation meth- internal fixator July 13, 2025 Ja:
ods: 1ntramed'ulla.ry nal!lng (IM) or extra'med— Accepted - Npuxsaheo:
ullary (EM) fixation using a self-dynamizable July 13,2025

internal fixator (SIF) (Figure 1) [3-7].

SIE, developed by Academician Prof.
Milorad Mitkovi¢, has been in routine clinical
use since 1998 [8, 9]. Its advantages include a
straightforward surgical technique, standard
instrumentation, and reduced X-ray exposure.
This implant allows for simultaneous dynam-
ization and compression in two axes, with
delayed axial dynamization possible without

reoperation. Globally, cephalomedullary nails
and EM devices like the sliding hip screw are
widely accepted as standard treatments for
trochanteric fractures [10, 11, 12]. While in-
tramedullary fixation offers shorter incisions
and greater stability for certain fracture types,
it typically requires more complex instrumen-
tation and longer fluoroscopy time compared
to SIF [7, 10].
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At our institution, trochanteric fractures account for
more than 20% of all trauma surgeries, making them the
most frequent trauma case. Combined with femoral neck
and subtrochanteric fractures, hip fractures constitute
nearly 50% of all surgically treated trauma patients [5, 7].

After surgery, patients undergo inpatient physical re-
habilitation aimed at early mobilization and restoration of
hip function. This process significantly improves clinical
outcomes and quality of life [8]. Conservative treatment,
in contrast, is linked with higher complication rates and
worse outcomes, including thromboembolism due to pro-
longed immobility [1, 2, 11].

In this paper, the outcome of physical treatment was
analyzed after trochanteric fracture internal fixation by
IM or SIF method. This work aimed to compare initial
and final range of motion and general muscle strength
(GMS) in the hip joint, as well as the gender influence on
these scores.

METHODS

A total of 49 cases, who had surgery at orthopedics and
traumatology department of our hospital and then sent to
inpatient rehabilitation department of the same hospital
very soon, were analyzed in this research. There were 17
male and 32 female patients, with the average age of 72.4
years. All the patients had a trochanteric fracture, treated
surgically by one of the two fixation methods - IM method
(IM group, 20 cases) and SIF method (SIF group, 29 cases).
Gender distribution of the fixation methods is presented
in Table 1. According to the AO classification system, 12
patients (24.5%) had A1 (pertrochanteric two-part frac-
ture), 28 patients (57.1%) had A2 (pertrochanteric multi-
fragmentary fracture), and nine patients (18.4%) had A3
(intertrochanteric) fracture.

All patients received a standard rehabilitation plan that
began at seven weeks after surgery, including kinesiother-
apy, occupational therapy, magnetotherapy and electro-
therapy. Electro and magnetic therapy had been used to
induce recovery of injured and frozen tissues, circulation
stimulating, swelling decrease, and to have an analgesic
effect. Kinesiotherapy and occupational therapy had also
played a major role in the rehabilitation, such as range of
motion improvement. Rehabilitation lasted three weeks.

The initial assessment (early postoperative status) and
the final assessment were performed at the beginning and
at the end of the physical therapy (just upon admission and
just before discharge from the rehabilitation department).
Range of motion, including hip flexion with knee extended
and knee flexed, hip extension, hip abduction, and GMS of
the operated leg, were measured using a goniometer. GMS
was scaled by manual muscle test — applying resistance
manually and grading the muscle strength based on the
patient’s ability to resist as grade 1 (10%), grade 2 (25%),
grade 3 (50%), grade 4 (75%), and grade 5 (100%).

A comparison of the parameters was performed be-
tween genders too. The data were statistically analyzed
by IBM SPSS Statistics for Windows, Version 22.0. (IBM

‘ DOI: https://doi.org/10.2298/SARH240723055C

Ciri¢ C.T. et al.

Corp., Armonk, NY, USA), performing Wilcoxon test,
Mann-Whitney U test, and x* test.

Ethics: The study was performed in line with the
Declaration of Helsinki and approved by the Ethics
Board of the University Clinical Center Nis (Decision No.
37288/17).

RESULTS

There was significant difference in ranges of evaluated mo-
tions and GMS next before and next after postoperative
physical therapy (p < 0.05; Table 2).

The obtained data on the range of motion improvement
upon discharge from rehabilitation therapy between IM
and SIF groups, but also between genders, indicate that
there was no statistically significant difference in any of
the modalities (p > 0.05; Table 3, Table 4). There was no
significant influence of the gender and age on the observed
functional results (p > 0.05; Table 1, Table 4).

DISCUSSION

Trochanteric fractures are in elderly population mostly
sustain as a low-energy trauma, such as a fall at home dur-
ing daily activities, while in younger population it mostly
occurs by high forces affecting directly the hip area [3].
The incidence of trochanteric fractures is constantly in-
creasing due to the increase of general average age in the
population, being in accordance with our study, where the
average age was about 72 years.

Since there is no significant difference in the final func-
tional results between genders, it can be considered that
the degree of osteoporosis, being generally higher in wom-
en, does not affect significantly the functional outcome.

As trochanteric fractures mostly occur in the oldest
population, a large part of patients never reach their pre-
vious level of activity. The success of physical therapy is
influenced by the patient’s general condition and previous
physical activity. To achieve as much progress in recovery
after a trochanteric fracture as possible, an extended period
of home-based physical therapy is required

Hip function improving due to the applied physical
therapy after a trochanteric fracture internal fixation sur-
gery was confirmed by significant increase in range of all
hip joint motions tested and in hip area GMS (p < 0.05).

Hip flexion increasing was slightly higher in SIF group,
but without statistical significance. Here could be consid-
ered that the choice between these two fixation methods
did not have a general impact on enhancement of hip joint
range of motion after physical therapy completion. This
also confirms that lateral presence of an EM implant on
the proximal part of femur, as it is in SIF, does not interfere
significantly with the hip function.

When comparing IM and SIF types of the fixation, it
should be mentioned that different surgical approaches are
being used. Beside shorter distal incisions, intramedullary
fixation of trochanteric fractures is followed by a slightly

Srp Arh Celok Lek. 2025 Jul-Aug;153(7-8):375-379
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Table 1. Distribution of fixation methods by gender

Fixation methods Male Female p
IM 9 11

0.208*
SIF 8 21
Average age (years) 73.5+6.7 71.8+85 0.514**

IM - intramedullary nail; SIF - self-dynamizable internal fixator;
*y2 .

X test;

**Mann-Whitney U test

Table 2. Clinical parameters before and after physical therapy, for all patients

rehabilitation in trochanteric frac-
tures treatment between genders. In
our study, the difference in increase of
hip flexion with knee extension (it was
higher in females) was noticeably closer
to the level of statistical significancy
rather in other motion tests. This could
possibly be due to the eventual differ-
ence in lesser trochanter comminu-

Beginning of the End of the tion frequencies among gender groups
plgiesdinaieny | pgeeliie sy (these frequencies were not checked in

Parameters (seven weeks after | (10 weeks after p* .
surgery) surgery) the study), because Van der Sijp et al.
(mean + SD) (mean £ SD) [15], reported that a comminution of
Hip flexion with knee extended (degrees) 348+22.9 59.4 +25.1 <0.001 lesser trochanter can be a considered
Hip flexion with knee flexed (degrees) 523+21.8 21314 <0.001 deaccelerating factor in injured hip

Hip extension (degrees) 0 1+£27 0.015 flexion restoring.

Hip abduction (degrees) 16.1+8.9 26.6 £12.2 <0.001 In almost all patients (47 out of 49
General muscle strength 2106 27+06 <0.001 cases), GMS in hip area was either un-

*Wilcoxon test

Table 3. Improvement of clinical parameters due to applied physical therapy between SIF and

changed or improved compared with
the level of the strength before physical

IM group treatment. Only two patients, treated by
Physical therapy improvement (E-B)* SIF (mean £ SD) | IM (mean * SD) [ IM fixation, had worse level of GMS af-
Hip flexion with knee extended (degrees) 26+12.3 225+17.7 0.196 ter the rehabilitation. Range of motions
Hip flexion with knee flexed (degrees) 243+127 17 £15.1 0.127 and GMS are the parameters tightly re-
Hip extension (degrees) 14+32 05£15 0422 lated to both the hip function and gait,
Hip abduction (degrees) 10.2+85 11+98 0.769 as well as quality of life. Tucker et al.
General muscle strength 0.6+0.5 0.7+0.9 0.154 [10], Liu et al. [16], and Schemitsch et

*B — beginning (seven weeks after surgery); E - end (ten weeks after surgery) of the physical therapy; al. [17], reported that there was no sig—

IM - intramedullary nail; SIF - self-dynamizable internal fixator;
**Mann-Whitney U test

nificant difference in functional state
of the hip in a trochanteric fracture

Table 4. Improvement of clinical parameters due to applied physical therapy between genders surgical treatment, when comparing

Physical therapy improvement (E-B)* Male (mean + SD) | Female (mean + SD) p** intramedullary and EM [dynamic hip
Hip flexion with knee extended (degrees) 203+135 269+ 149 0.125 screw (DHS)] fixation. Memon et al.
Hip flexion with knee flexed (degrees) 23.2+125 20.3+14.9 0.855 [18] also presented evidence that there
Hip extension (degrees) 1.2+28 09+27 0.653 was no Signiﬁcant difference in mobil-
Hip abduction (degrees) 9.7+72 10.9+9.9 0.880 ity status of the injured hip between
General muscle strength 0.6+0.7 0.6 +0.7 0.970 the intramedullary [proximal femoral
*B - beginning (seven weeks after surgery); E — end (10 weeks after surgery) of the physical therapy; nail (PFN)] and EM (DHS) methods.

**Mann-Whitney U test

longer proximal incision for approaching through the hip
abductor muscles. EM fixation of trochanteric fractures
includes only one slightly longer incision, distal to greater
trochanter, for approaching through the knee extensor
muscles. Our study showed that the choice between one
of these approaches did not significantly affect the post-
operative function of the hip. Even though there was no
statistically significant difference in the comparisons be-
tween the fixation methods, it should be mentioned that
the difference in flexion increase was noticeably closer to
the level of statistical significancy (p < 0.2), compared to
abduction (p > 0.7) and extension (p > 0.4) increase.
Since the difference on hip range of motion tested and
hip GMS was not significantly different between genders,
we can conclude that gender did not have an impact on
functional outcome of postoperative physical treatment.
Lahtinen et al. [13], and Lieberman and Lieberman [14]
also concluded that there was no significant difference
in final functional results after postoperative physical
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Prakash et al. [19] reported that the
average Harris hip score (HHS) was in
average, 5 score points higher in the intramedullary (PFN)
group compared to the EM (DHS) group 24 weeks after
surgery. Saarenpéa et al. [20] compared groups of patients
who had undergone trochanteric fracture surgery using the
Standardization of Hip Fracture Audit in Europe scoring
system for hip functionality, and found that gait scores
four months after surgery were higher in the EM (DHS)
group than in the intramedullary (Gamma nail) group. In
another study by Mitkovic et al. [8], it was reported that
no significant difference in HHS and health-related quality
of life (SF-12 questionnaire) was noted at least two years
after trochanteric fracture surgery between the group with
a Gamma nail and the group with a SIF
Our statistical findings about no significant difference
in hip functional recovery between IM and EM fixation
are in correlation with several recent studies. Clinical trial
by Schemitsch et al. [21] found no significant difference in
hip function outcomes such as mobility, pain, and daily ac-
tivities between patients treated with IM and EM methods
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over a 12-month follow-up. This aligns closely to the re-
sults of our study, denying any notable differences in hip
flexion, extension, abduction, and overall muscle strength
between the IM and EM groups. Similarly, Prakash et al.
[19] reported a slightly higher HHS in the IM group (about
five points higher than in EM group) after 24 weeks of
rehabilitation. However, they concluded that the differ-
ence was not clinically significant. This matches our results
about a slightly higher muscle strength IM fixation, though
not statistically significant.

Although Bilanovic et al. [12], Gleich et al. [22],
Grenhaug et al. [23], La Barbera [24], and Zeelenberg et al.
[25] did not all directly evaluate postoperative hip function,
they emphasized that both EM and IM are reliable options
for fracture stabilization. Their conclusion - that the choice
of implant should be determined by the fracture type rather
than the inherent superiority of one method - supports our
finding that recovery quality appears similar regardless of
the implant used. These studies also support the statement
that while implant type may have some influence in com-
plex or unstable fractures, it is not a determining factor for
outcomes in stable fractures. Micro-movements between
tixed fragments of a hip fracture could be expected to be
larger in an unstable fracture, reducing the hip motions.
In addition to the fracture stability, Zheng et al. [26] found
that five more factors (age, history of hypertension, blood
transfusion, Parker mobility score, adverse events within
12 months postoperatively, discharge disposition, and time
from surgery to weight-bearing) significantly influence
one-year functional outcome following hip fracture surgery
in geriatric patients. Thus, they likewise found no evidence
that the choice between IM and EM fixation significantly
influenced functional outcome.
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®yHKUMja KyKa y NOCTONEpaTMBHOj peXxabuaunTtaumju Kog TPOXaHTEPHUX Npenoma
NEYEHNX UHTPAMELYNAPHOM U eKCTpaMeaynapHOM dUKcaLUjom

Tamapa Y. Avpuh!, Munan M. Mutkosuh'2, MnageH J. CtojaHoBUh!
'YHMBEP3NTETCKI KNMHNYKM LieHTap, Huw'’, KnuHnka 3a optoneaujy v Tpaymatonorujy  Akagemuk npod. ap Munopag Mutkosuh'’, Huw, Cpbuja;

2YHuBep3uTeT y Huwy, MegnumHckmn pakyntet, Haw, Cpbuja

CAXETAK

YBoa/LUnsb MoctonepatveHa GpusnkanHa Tepanuja HakoH GpUK-
caLuje TPOXaHTEPHUX NMPenoMa rpa BaxkHy yaory y o6HaBIba-
by GYHKLVje KyKa 1 YKYMHOM OMnopaBKy noBpeheHux.

Linm oBor paga 6uo je ynopehurBame NoyeTHrX 1 KpajHhbux
BPEAHOCTU oncera NokpeTa 1 yKynHe muwnhHe cHare (YMCQ)
y npeaeny Kyka, Kao 1 yTulaja cTapocTui 1 nona 6onecHnka
Ha OBe NapameTpe TOKOM pexabunnTaLMoHOr feyerba HakoH
MHTpameaynapHe 1 ekcTpameaynapHe GpurKcaumje TpoxaHTep-
HUX Npenoma.

MeTope Kop 49 6onecHuKa ca TPOXaHTEPHMM MPENOMOM,
neyeHnx GrKcaLmnjoMm MHTpameaynapHuM KnuHom (IM rpyna)
UK camoarHammsnpajyhum yHyTpawbum dukcatopom (SIF
rpyna), aHanu3svpaHu cy napameTpu epekta usnKanHor neve-
tba (dnekcuja, ekcTeHsuja 1 abaykumja Kyka, kao 1 YMC Kyka).
Pesyntatum NoTBpheH je 3HauajaH Hanpegak y nornegy no-
Beharba cBUX NpaheHux oncera nokpeta y Kyky 1 YMC Kyka
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HaKOH CTaLOHapHOr GK3MKaIHOT MOCTONEPaTUBHOT Jlieyera
(p < 0,05). Huje 61no 3HauajHoOr yTu1Laja mona 1 ctapocTu 6o-
necHnKa Ha HaBefeHe GyHKLMOHanHe napametpe (p > 0,05).
Mosehatbe dnekcuje Kyka 6uno je HewTo Behe y SIF rpynu, Aok
je noseharbe YMC Kyka 6uno HewTo Behe y IM rpynu, anu camo
6113y npara CTaTMCTUYKe 3HauyajHoCTH (p < 0,2).

3akmyyuak CTaunoHapHO du13MKaNHO neyerbe omoryhasa
3HauajHo nobosbluare oncera nokpeta n YMC y nospeheHom
3rnoby Kyka HaKoOH yHyTpalltbe GprKcalmje TpPOXaHTEPHUX
npenoma. IHTpamezynapHa v ekctpamegynapHa ukcauuja
MoKasyjy C/MyaH yTuuaj Ha Kpajibe QyHKLMOHanHe pe3yntaTe
KyKa. CTeneH octeonopo3e, Koju je reHepanHo Behu Kop eHa,
He yTrye 3Ha4ajHO Ha HaBefeHe Kpajtbe pesynTarte.

KmbyuHe peun: dyHKLMja KyKa; TPOXaHTEPHU MPesiom; camo-

AHaMu3mpajyhv yHyTpallby prKcaTop; MHTpameaynapHa
dukcauuja
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SUMMARY

Introduction Compliance to medicamentous therapy in glaucoma patients if of great importance since
it has great effect on clinical outcome.

Methods The descriptive cross-sectional study included patients (303) referred for diagnostic procedures
and follow up examinations at the glaucoma outpatient clinic of the University Clinical Center of Serbia
University Eye Hospital, in the period from January 2023 to January 2024. The study included glaucoma
patients older than 18 years, who have been taking therapy for more than a month. Patients were asked
questions about the use of topical antiglaucoma medications. Statistical analysis was performed in SPSS
Statistics for Windows, Version 18.0 using t-test. A p-value of less than 0.05 was considered statistically
significant.

Results 303 glaucoma patients were included in the study, of which 120 (39.6%) were men, and 183
(60.4%) women. The average age was 67.4 + 12.6 years (19-92). The average duration of therapy was
7.1 £ 5.8 years (one month to 30 years). The largest number of patients, 177 of them (58.4%) stated that
they regularly use the prescribed therapy.

Conclusion Our study showed a high degree of reported compliance of the tested patients, which is
significant for the correct choice of therapeutic modalities in the future, which would slow down the

Received « MpumbeHo:
January 9, 2025

Revised - PeBusnja:
July 11,2025

Accepted - MpuxeaheHo:

July 19,2025
Online first: July 22, 2025

Correspondence to:
Marija BOZIC
Pasterova 2

11000 Belgrade
Serbia

marija.bozic@emed.bg.ac.rs

progression of this incurable disease.

Keywords: compliance; topical antiglaucoma therapy; drop instillation technique

INTRODUCTION

Chronic diseases require long-term and per-
sistent use of medications [1]. The course of
the disease, in addition to choosing the op-
timal therapeutic protocol, is also decisively
influenced by compliance, which is defined as
“whether the patient uses the drug as prescribed
by the doctor” or “the degree or extent of con-
formity to the recommendations about day-
to-day treatment by the provider with respect
to the timing, dosage, and frequency” [2]. In
chronic ophthalmological diseases, for which
there are different therapeutic modalities, such
as glaucoma, topical drug therapy is often the
first choice. It has been proven an effective and
non-invasive solution, available to everyone and
relatively simple to use [3, 4]. Whenever medi-
cal therapy for chronic diseases is discussed, the
concept of compliance is inevitably mentioned.

The aim of this study is to assess glaucoma
patients’ compliance and to evaluate and point
out the most common errors when applying
eye drops.

METHODS

The prospective cross-sectional study included
303 patients referred for diagnostic procedures

and follow up examinations at the glaucoma
outpatient clinic of the University Clinical
Center of Serbia, University Eye Hospital, from
January 2023 to January 2024.

The study included glaucoma patients over
18, who have been taking topical antiglaucoma
therapy for more than three months, which was
inclusion criteria. The exclusion criteria included
persons under 18 years of age, and those who
are not being treated for glaucoma. Respondents
were asked questions about the use of topical an-
tiglaucoma medications. The questionnaire con-
sisted of questions related to the patient disease
(length of treatment), therapy (number of drugs,
regularity of use) and technique of applying eye
drops. The questions asked are recommended
by the European Glaucoma Society for assessing
compliance with glaucoma medication therapy
(https://www.eugs.org/educational_materials/6).
Descriptive statistics of participant demograph-
ics were computed, including means, standard
deviations, frequencies, and percentages and for
three independent variables (age, gender, num-
ber of drops). Multiple logistic regression analy-
sis was then used to examine how the preselect-
ed variables were associated with compliance.
The obtained data were processed in the SPSS
Statistics for Windows, version 18.0 (SPSS Inc.,
Chicago, IL, USA) program. A p-value of less
than 0.05 was considered statistically significant.



Patient behavior in treating glaucoma

Ethics: This study was undertaken according to the
tenets of the Helsinki Declaration, and approved by the
Ethics Committee of the University Clinical Center of
Serbia (278/22). All participants received oral and written
study-related information, and each participant provided
written informed consent.

RESULTS

303 glaucoma patients were included in the study, of which
120 (39.6%) were men, and 183 (60.4%) women. The results
are presented in Table 1. The majority of patients (40.3%),
were on monotherapy, and the fewest tested patients had
four drugs in their glaucoma therapy (10.2%). Of all pa-
tients tested, 177 (58.4%) stated that they regularly use

Table 1. Characteristics of the study population

Gender n (%)
Male 120 (39.6%)
Female 183 (60.4%)

Regular usage of eye drops
Yes 177 (58.4%)
No 126 (41.6%)

Number of topical medications
1 122 (40.3%)
2 88 (29%)
3 62 (20.5%)
4 31(10.2%)

Drop instillation technique
By themselves 224 (73.9%)
With assistance 42 (13.9%)
By themselves and with assistance 37 (12.2%)

Position
Sitting 138 (45.5%)
Lying 94 (31%)
Standing 71 (23.5%)

Demonstrated technique
Yes 132 (43.6%)
No 171 (56.4%)

Closing eyes
Yes 170 (56.1%)
No 133 (43.9%)

Press lacrimal duct area
Yes 65 (21.5%)
No 238 (78.5%)

Washing hands
Yes 258 (85.2%)
No 45 (14.8%)

Tip contamination
Yes 39 (12.8%)
No 264 (87.2%)

Instilling drop straight to the eye
Yes 241 (79.5%)
No 62 (20.5%)

Number of drops per one instillation
1 225 (74.3%)
2 65 (21.4%)
3 13 (4.3%)

Total 303 (100%)

Srp Arh Celok Lek. 2025 Jul-Aug;153(7-8):380-384

the prescribed therapy. As many as 224 (73.9%) patients
stated that they take the therapy themselves, 42 of them
(13.9%) require the help of another person, while 37 pa-
tients (12.2%) stated that they apply it both by themselves
and with the help of others. As for the position in which
patients administer drops, it is most often the sitting posi-
tion (45.5%), and the least common is the standing position
(23.5%). A total of 225 patients (74.3%) instill one drop
in the eye, 65 (21.4%) instill two drops on average during
application, while 13 patients (4.3%) instill three or more
drops in each eye. Less than half of the respondents were
given a demonstration of instillation by an ophthalmolo-
gist or nurse (132 patients or 43.6%). Most patients wash
their hands before instilling eye drops (85.2%), but also
most of them do not have the habit of pressing the lacrimal
ducts after instilling the drops (78.5%). Our results show
no statistically significant difference in compliance in rela-
tion to age (p = 0.627) and gender (p = 0.512) in our study
group. In addition, the number of medications did not af-
fect the regularity of administration (p = 0.514), nor did the
demonstration of the technique of applying the drops. No
relationship between tested independent variables and re-
ported compliance was found. Results are shown in Table 2.

Table 2. Results

Age Independent variables p-value

Above 40 years 0.78
Above 50 years 0.64
Above 60 years Age 0.72
Above 70 years 0.45
Above 80 years 0.57

Gender: female 0.51

ofgcom:

DISCUSSION

Mutual trust between doctor and patient is very impor-
tant for all diseases, but the concept of trust in the case
of glaucoma has a multifaceted meaning. Glaucoma is a
chronic neurodegenerative disease in which responsibil-
ity for the disease outcome is shared between the doctor
and the patient. The responsibility for timely diagnosis
and adequate therapy rests with the doctor, but respon-
sibility related to treatment equals regular instillation of
eye drops, and is practically exclusively a matter of the
patient. Glaucomatologists must be convinced that their
patients take seriously the need to be treated, that is, to
instill their eye drops multiple times every day. Also, very
often it is necessary to reassure that proper treatment is
on. It is precisely from there that the issues of compliance
and adherence in glaucoma arise.

The concepts of compliance and adherence first
emerged in early 1970s of the 20th century [5]. In glauco-
ma, these terms became more visible with the appearance
of newer types of topical antiglaucoma medications [6].
Adherence is a term that describes the prevalence of the
use of the prescribed medicine at different points in time
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and directly depends on the active role of the subject — the
patient must understand what disease he is suffering from,
how it should be treated and believe in the effectiveness of
the therapy. According to current definitions, compliance
is the degree to which the patient “complies,” or obeys the
instructions related to his treatment. In the very name of
this term, passivity is expressed, and the joint fight of doc-
tor and patient against chronic disease is neglected, which
bothers many physicians. That is why lately the active role
that the patient must take in the treatment of his chronic
disease is more often pointed out. The responsibility for
increasing the degree of compliance and adherence lies
largely with the prescribing physician. The problem of
compliance in glaucoma is complex for various reasons [7].
First, it is difficult for patients to recognize the importance
of regular application of therapy for slowly progressing
diseases because they do not disturb the quality of life for
along period of time. Another reason is that after receiv-
ing therapy, there may be no subjective improvement of
the clinical symptoms. Non-compliance with therapeu-
tic protocols leads to further progression of the disease,
change of the previously prescribed therapy, and even
recommendations of unnecessary surgical procedures, all
of which burdens the healthcare system [8]. Studies show
that the percentage of non-compliant behavior in glaucoma
is 5-80%. Ha et al. [7] came to the conclusion that 50% of
patients stop using drops during the first six months of use,
and after a year that percentage drops to 33%. We inves-
tigated self reported glaucoma medication compliance in
our study, and the results on limited sample size show that
58.4% of glaucoma patients use antiglaucoma medications
on regular bases. There are several ways to check our pa-
tient’s compliance and adherence. For quick orientation in
everyday clinic work, one of the indicators is whether the
patient knows the names of the drugs he instills, whether
he knows the instillation regime and whether he instilled
the drops on the day he comes for the check-up. Besides
patient self-reporting, other traditional and least expensive
methods of monitoring medication adherence is analyz-
ing health insurance claims data or pharmacy claims data
[9, 10]. However, it is clear that there is potential inaccu-
racy in traditional compliance and adherence monitor-
ing methods, so more objective methods such as digital
sensor monitoring systems have been developed, and are
considered the “gold standard” for assessing medication
adherence. One of the first, more modern and precise way
of monitoring adherence was designed in the 1990s, when
the eye drop bottle with a C-cap was designed [11]. The
shortcoming of this compliance monitoring model was
that it could only be applied to one type of antiglaucoma
drug and that it was not implemented among ophthal-
mologists, nor among glaucoma patients. However, this
endeavor to improve compliance led to its increase from
54% to 73%, as determined in studies conducted on this
issue. Recent advances in electronic adherence monitor-
ing include E-Novelia (Nemera, Lyon, France), KaliDrop
(S-LAB Sp. z.0.0, Mirkow, Poland), eye drop bottle motion
sensor system which are all used with variable implementa-
tion among patients [12-17]. Unfortunately, each of these
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systems entails a significant increase in glaucoma treat-
ment costs, making it financially difficult to implement,
so it is necessary to reorient to the more affordable systems
and methods. In addition to financial obstacles for the im-
plementation of modern electronic models for monitoring
the compliance and adherence of glaucoma patients, there
are also a number of ethical issues that arise on this topic,
especially concerns about patient privacy and data sharing.

When discussing the technique of instilling eye drops,
it is important to demonstrate the patients the correct
way how to do it, even several times. These data vary by
region and depend on the organization of the ophthal-
mology service [18]. We tried to emphasize the training
of patients, i.e., the fact that it is important to point out to
every patient, at the beginning of glaucoma treatment, the
importance of regular eye drops usage and to show them
in a practical way how to do it correctly. Almost half of our
respondents (43.6%) stated that they were shown how to
put in their eye drops; in 72% of cases, it was shown by a
doctor, and in 28% by a nurse. A way to indirectly evalu-
ate patient compliance is to estimate how many drops are
actually instilled into the eye in each instillation, and 225
(74.3%) of our tested subjects self-report that they instill
one drop in the eye, 65 (21.4%) instill two drops on average
during application, while 13 patients (4.3%) instill three or
more drops in each eye. In other studies, these data vary
from 48.1% to 51% of patients who dispensed more than
one necessary drop for single application.

Due to the prevalence and complexity of the compliance
problem, intensive work is being done to develop methods
that would objectively determine its degree. This is pos-
sible through questionnaires, interviews or diary keeping,
video analysis of the drip procedure, or direct observa-
tion of the pouring technique [19]. In theory, electronic
dosage monitoring represents the most objective method.
However, it does not provide information on whether the
drop of the medicine actually got into the eye, so it must
be supplemented with a video recording or supervision of
the examinee during instillation. On the other hand, the
measurement of intraocular pressure is also not reliable
because even a couple of doses before the scheduled control
will show values within the reference range [20]. Since it
is difficult to find an objective method which will provide
an objective assessment of compliance, and it is even more
demanding to implement it, questionnaires are often used.
They are based on the self-assessment of the respondents
and therefore, in 9-14% of cases, they show a deviation
from the results of the objective parameters. Nevertheless,
they are considered sufficiently informative and are today
the most widespread way of evaluating compliance [21, 22].

Our strong belief is that the most important way to
tight for greater compliance and adherence is to educate
patients. Knowledge about the chronic disease, its course,
methods of treatment and consequences of non-treatment
can lead to increase of compliance. Although some authors
believe that the patient who is familiar with the disease is
the one who better adheres to therapy, others emphasize
discipline and the help of family and environment [17, 18].
Other strategies include the use of as few drugs as possible
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- monotherapy, or the use of fixed combinations of drugs
[19, 20, 21]. When it comes to ophthalmological diseases,
eye drop instillation technique is of crucial importance
in successful treatment, since the delivery of medicine is
different than just swallowing a pill [22, 23]. Studies have
shown that less than 10% are able to do all the steps ad-
equately. We were particularly interested in data on the
technique of instillation of drops in our respondents, and
our results show that majority of patients instill the drops
themselves (73.9%), most of them in sitting position (31%),
and almost half of them (56.1%) have the habit of closing
their eyes after putting eye drops in. Our results show no
statistically significant difference in compliance in rela-
tion to age (p = 0.627) and gender (p = 0.512) in our study
group. In addition, the number of medications did not af-
fect the regularity of administration (p = 0.514), nor did
the demonstration of the technique of applying the drops.

As for the definition of a compliant patient, there is
no standardized questionnaire to determine it, so there
are differences among authors regarding this issue. Some
authors consider that a patient who misses one dose dur-
ing the month or week is already non-compliant, while
Wolfram et al. [24] include in this category those who miss
two or more doses per week. Although in many studies
the subject is either compliant or not, Moore et al. [17]
divided compliance into three categories: low, medium and
complete. All this further complicates the interpretation of
data and the comparison of the results of different studies.

Compliance is largely determined by factors related to
the patient (age, gender, education), by socioeconomic con-
ditions, the health system, the disease itself, and the type of
therapy [25, 26, 27]. The results of our study did not show
a relationship between compliance and age and gender of
the patient, which is confirmed by previous research [22,
24]. Such results are due to the fact that the elderly popu-
lation makes up the majority of patients on antiglaucoma
therapy, which is also the case in this study. However, when
looking only at patients on prostaglandin analogues, Erras
et al. [10] concluded that a lower degree of compliance is
present in patients under 50 and over 80 years of age. The
conclusions of some studies suggest that a larger number
of prescribed drops doubles the chance that the patient
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CAXETAK

YBop [NpuapxaBatbe MeArkaMeHTHe Tepanuje Kog nayunjeHara
Ca r1ayKOMOM je BaXKHO jep MMa BENVKM YTULLAj Ha KITMHUYKK
NCXOp Neyersa.

MeTopae Y feckpynTUBHY CTyAuWjy Npeceka yKiby4yeHu cy na-
unjeHTn (303) ynyheHn Ha neyere y ambynaHTy 3a rnaykom
KnuHuke 3a o4He 60necTyi YHUBEP3UTETCKOT KITMHMYKOT LIEHTPa
Cpbuje, y nepuogy of jaHyapa 2023. roguHe Ao jaHyapa 2024.
roaviHe. Y CTyAujy Cy yK/ibyYeHu naumjeHT ctapumjy og 18 rogm-
Ha, Koju Cy Tepanujy y3vmanu gyxe of mecew faHa. icnutaxu-
LyMa Cy NocTaB/baHa N1Takba Be3aHa 3a NPUMeHY TonmKanHe
aHTUrnaykomHe tepanuje. JlobujeHn nogaum obpaheHu cy y
CTaTUCTYKOM nporpamy SPSS, Bep3uja 18.0 (SPSS Inc., Yukaro,

DOI: https://doi.org/10.2298/SARH250109056B

W, CALl) nomohy t-Tecta. CTaTUCTUYKM 3HAUajHOM je CcMaTpaHa
p-BpefHOCT Marba of 0,05.

Pesyntatm Op 303 ncnutaHuka, 120 (39,6%) 6unu cy my-
wKapuy, a 183 (60,4%) xeHe. MpoceyHa CTapocT U3Hocuna je
67,4 + 12,6 roguHa (19-92). lNpoceuHo Tpajatbe Tepanuje buno
je 7,1 £ 5,8 ropuHa (mecel aaHa o 30 roanHa). Hajsehu 6poj
nauujeHara, ux 177 (58,4%), HaBeo je fja peAOBHO yKanaBsa
nponucaxy Tepanujy.

3ak/pbyyvak Hala cTyavja nokasana je BUCOK CTeneH npuja-
B/beHEe KOMM/njaHCe TeCTUPaHMX NaLmjeHaTa, WTo je 3HauajHo
3a nMpaBunaH n3bop Tepanujckux MopanuTeTa y 6ygyhHocTu,
Kojuma 61 ce ycnopuna nporpecyja oBe Heusneuvise bonectu.
KrbyuHe peun: KomnnvjaHca; TONMKanHa aHTUrIayKoMHa Te-
panuja; TexHVKa yKarnaBatba Kanu
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Successful heart transplantation following long-term
left ventricular assist device support in a patient
with peripartum cardiomyopathy — the first case in
Serbia
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SUMMARY

Introduction Peripartum cardiomyopathy (PPCM) is a rare and potentially life-threatening cause of heart
failure occurring during late pregnancy or the early postpartum period. While medical therapy remains the
first-line treatment, refractory or end-stage heart failure may necessitate surgical intervention, including
mechanical circulatory support or heart transplantation.

Case outline We report the first case in Serbia of a young woman with PPCM who successfully under-
went left ventricular assist device (LVAD) implantation followed by orthotopic heart transplantation. A
25-year-old woman presented with severe biventricular heart failure 3.5 months postpartum. Despite
optimal medical management, her condition deteriorated, necessitating LVAD implantation as bridge-
to-transplant therapy. She remained on LVAD support for five years, achieving excellent quality of life,
until a suitable donor heart became available. Heart transplantation was performed using the bicaval
technique, with no perioperative complications or early graft rejection. The patient was discharged in
stable condition.

Conclusion This case highlights the feasibility and success of a multidisciplinary approach combining
LVAD support and heart transplantation in managing advanced PPCM. Timely recognition of disease
progression and individualized surgical planning are critical to achieving favorable outcomes in this
high-risk population.

Keywords: peripartum cardiomyopathy; left ventricular assist device; heart transplantation; mechanical

circulatory support; bridge-to-transplant

INTRODUCTION

Peripartum cardiomyopathy (PPCM) is a rare,
idiopathic form of cardiomyopathy that presents
as heart failure (HF) during the third trimes-
ter of pregnancy or within the first five months
postpartum. It is characterized by left ventricular
(LV) systolic dysfunction with an ejection frac-
tion (EF) of less than 45%, occurring in women
without pre-existing cardiovascular disease or
other identifiable causes of HF [1, 2, 3].

The standard management of PPCM pri-
marily involves medical therapy. However, in
cases of refractory or end-stage HF, surgical
interventions may be required, with cardiac
transplantation often regarded as the defini-
tive treatment [4]. The limited availability of
donor hearts, however, constrains this option.
In response, the development of safe, durable
mechanical circulatory support (MCS) devices
has enabled bridge-to-transplant (BTT) therapy
to become an established standard of care for
patients awaiting heart transplantation [5, 6].

We report the first case in Serbia of a patient
with pregnancy-related HF who underwent

initial left ventricular assist device (LVAD)
implantation, followed by successful heart
transplantation [7].

CASE REPORT

A 25-year-old woman with no significant prior
medical history, except for gestational diabetes
and gestational hypertension, developed mal-
aise and intermittent cough during the first
postpartum month. She initially disregarded
these symptoms, but at 3.5 months postpartum,
she presented with progressive dyspnea, palpi-
tations, and lower-extremity edema, prompting
admission to a regional hospital.

On examination, she was hypotensive
(blood pressure 80/50 mmHg), with bilateral
lower-limb edema, bilateral basal inspiratory
crackles, and a systolic murmur at the apex on
auscultation. Transthoracic echocardiography
revealed LV dilation (end-diastolic diameter 63
mm, end-systolic diameter 58 mm), severely
reduced LV EF (15%), grade 3 mitral regurgita-
tion, and a right-sided pleural effusion. PPCM
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Figure 1. A - donor’s heart final preparation; B - recipient’s heart with left ventricular assist device
(marked with black arrows) after removal

Ve \

Figure 2. Reconstruction of pericardium with
bovine patches (marked with white arrows)

was suspected and the patient was treated with fluid re-
striction, diuretics, beta-blockers, angiotensin receptor
blockers, and bromocriptine. Due to persistent hypoten-
sion, dopamine infusion was initiated.

Despite medical therapy, her symptoms persisted, and
she was referred to the national cardiology center. Further
workup, including computed tomography (CT) and car-
diac magnetic resonance imaging, excluded pulmonary
embolism, aortic dissection, and myocarditis, confirming
the diagnosis of PPCM.

Her clinical course deteriorated, with episodes of ven-
tricular arrhythmias and an inability to wean from ino-
tropic support. The heart team opted for transfer to the
cardiac surgery center for evaluation for MCS, given the
unavailability of a suitable donor.

Six months postpartum, the patient underwent LVAD
implantation as BTT therapy. Postoperatively, she was
successfully weaned off inotropic support, with complete
resolution of HF symptoms. Her recovery was uneventful,
and she was discharged in stable condition.

The patient lived with the LVAD for five years, manag-
ing the device and its associated lifestyle adjustments, until
a suitable donor heart became available when she was 30
years old. The donor heart was size-matched and compat-
ible with respect to ABO blood type and human leukocyte
antigens antibodies.

Heart transplantation with LVAD explantation was
done according to modern standards in surgical practice
(Figure 1).

Intraoperative transesophageal echocardiography was
employed to monitor for intracardiac air, assess biven-
tricular function, valvular competence, and anastomotic
integrity. Due to extensive pericardial resection during
LVAD explantation, bilateral pericardial reconstruction
was performed with bovine pericardial patches (Figure 2).

The total ischemic time of the heart was 140 min. The
patient was weaned from cardiopulmonary bypass upon
achieving hemodynamic stability and transferred to the
intensive care unit.

Serial endomyocardial biopsies confirmed the absence
of rejection. The patient was discharged in stable clinical,

‘ DOI: https://doi.org/10.2298/SARH241008050D

hemodynamic, and immunobiological condition after four
weeks.

Ethics: Written informed consent was obtained from the
patient to publish this case report.

DISCUSSION

HF is a complex syndrome characterized by the heart’s
inability to maintain adequate circulatory output. PPCM
is a unique form of HF occurring during late pregnancy
or early postpartum, with hallmark LV systolic dysfunc-
tion [8, 9].

Medical management remains the cornerstone of PPCM
treatment. The BOARD regimen (bromocriptine, oral HF
therapies, anticoagulants, vaso-relaxing agents, and diuret-
ics) is commonly employed, with bromocriptine playing a
pivotal role by inhibiting prolactin secretion [10].

Reported outcomes in PPCM vary. Up to 72% of pa-
tients may experience LV functional recovery (EF > 50%)
within 12 months, though some advance to HF or sud-
den cardiac death [11, 12, 13]. Poor prognostic indica-
tors include LVEF < 30%, LV end-diastolic diameter > 60
mm, and delayed postpartum diagnosis — all present in
our patient [14].

If a patient does not respond to maximal medical thera-
py, surgical intervention is warranted. Up to 10% of PPCM
patients may ultimately require heart transplantation [11].
Given the ongoing mismatch between donor heart supply
and demand, LVADs have emerged as critical tools in BT'T
strategies.

LVAD:s significantly improve survival and quality of life
in patients awaiting transplantation [15]. Third-generation
devices, such as the HeartMate 3 (Abbott, Chicago, IL,
USA), are continuous-flow centrifugal pumps with en-
hanced durability, lower thrombosis and hemolysis rates,
and improved patient outcomes [16-19].

Nonetheless, LVAD presence introduces technical chal-
lenges for subsequent cardiac surgery. Reoperative cardiac
surgery carries elevated risks of morbidity and mortality,
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and the surgical approach must be meticulously planned,
including preoperative CT imaging to evaluate LVAD po-
sitioning and outflow graft orientation. To minimize isch-
emic time, transplantation procedures in LVAD recipients
require early initiation and coordinated timing between
procurement and implantation teams [20, 21, 22].

The bicaval technique offers superior right atrial mor-
phology preservation, facilitates physiological atrial con-
duction, and reduces supraventricular arrhythmia inci-
dence [23].

Post-transplantation care focuses on optimizing graft
function, initiating immunosuppression, monitoring for
rejection, and preventing infections [24]. Endomyocardial
biopsy remains the gold standard for assessing graft rejec-
tion [25].
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Although surgical therapy is not the primary approach
for PPCM, it remains an essential option for patients with
refractory or advanced disease. This case highlights that,
despite a prolonged and challenging treatment course,
successful heart transplantation is achievable with com-
prehensive multidisciplinary management.

ACKNOWLEDGEMENT

We extend our sincere gratitude to Mrs. and Mr. Kacar for
their support and professional assistance in the prepara-
tion of this article.

Conflict of interest: None declared.

12. Elkayam U, Tummala PP, Rao K, Akhter MW, Karaalp IS, Wani OR,
et al. Maternal and fetal outcomes of subsequent pregnancies
in women with peripartum cardiomyopathy. N Engl J Med.
2001;344(21):1567-71. [DOI: 10.1056/NEJM200105243442101]
Erratum in: N Engl J Med 2001;345(7):552. [PMID: 11372007]

13. Barone-Rochette G, Rodiére M, Lantuejoul S. Value of cardiac MRI in
peripartum cardiomyopathy. Arch Cardiovasc Dis. 2011;104(4):263—
4.[DOI: 10.1016/j.acvd.2010.07.006] [PMID: 21624795]

14. Honigberg MC, Givertz MM. Peripartum cardiomyopathy. BMJ.
2019;364:k5287. [DOI: 10.1136/bmj.k5287] [PMID: 30700415]

15. Mikic A, Nestorovic E, Bilbija |, Terzic D, Putnik S. Left ventricular
assist device implantation and concomitant aortic valve
replacement. Srp Arh Celok Lek. 2019;147(11-12):758-61.

[DOI: 10.2298/sarh180614066m]

16. VaidyaY, Riaz S, Dhamoon AS. Left Ventricular Assist Devices. 2023.
In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing;
2025 Jan-. [PMID: 29763016]

17. Suarez-Pierre A, Zhou X, Fraser CD 3rd, Grimm JC, Crawford TC, Lui
C, et al. Survival and Functional Status After Bridge-to-Transplant
with a Left Ventricular Assist Device. ASAIO J. 2019;65(7):661-7.
[DOI: 10.1097/MAT.0000000000000874] [PMID: 30281540]

18. Ripoll JG, Orjuela RB, Ortoleva J, Nabzdyk CS, Dasani S, Bhowmik S,
et al. HeartMate 3: Analysis of Outcomes and Future Directions. J
Cardiothorac Vasc Anesth. 2024;38(12):3224-33.

[DOI: 10.1053/j.jvca.2024.08.016] [PMID: 39214797]

19. Nestorovic E, Terzic D, Putnik S, Ristic A, Ristic M. HeartMate 3 fully
magnetically levitated left ventricular assist device for advanced
heart failure: Initial Serbian experience. Srp Arh Celok Lek.
2018;146(9-10):584-7. [DOI: 10.2298/sarh170719202n]

20. Tarola C, Fremes S. Commentary: Redo cardiac surgery: Striving
for the best but prepared for the worst. J Thorac Cardiovasc Surg.
2022;164(6):1767-8.[DOI: 10.1016/j.jtcvs.2021.01.068]

[PMID: 33674064]

21. Garbade J, Meyer AL. Cardiac Transplantation After HeartMate 3
Implantation Inclusive Implantation Tips: Step by Step. Operative
Techniques in Thoracic and Cardiovascular Surgery. 2019;24(3):187-
203.[DOI: 10.1053/j.optechstcvs.2019.09.001]

22. Cheng A, Slaughter MS. Heart transplantation. J Thorac Dis.
2014;6(8):1105-9. [DOI: 10.3978/j.issn.2072-1439.2014.07.37]
[PMID: 25132977]

23. Weiss ES, Nwakanma LU, Russell SB, Conte JV, Shah AS. Outcomes
in bicaval versus biatrial techniques in heart transplantation:
an analysis of the UNOS database. J Heart Lung Transplant.
2008;27(2):178-83. [DOI: 10.1016/j.healun.2007.11.003]

[PMID: 18267224]

24. Hwang NG, Sivathasan C. Review of Postoperative Care for Heart
Transplant Recipients. J Cardiothorac Vasc Anesth. 2023;37(1):112-
26.[DOI: 10.1053/j.,jvca.2022.09.083] [PMID: 36323595]

25. Sinphurmsukskul S, Ariyachaipanich A, Siwamogsatham S,
Thammanatsakul K, Puwanant S, Benjacholamas V, et al.
Endomyocardial Biopsy and Prevalence of Acute Cellular Rejection
in Heart Transplantation. Transplant Proc. 2021;53(1):318-23.

[DOI: 10.1016/j.transproceed.2020.08.014] [PMID: 33041079]

www.srpskiarhiv.rs ‘

387



388

Burosev |. et al.

YcnewHa TpaHcnAaHTauMja cpua HakoH ayrotpajHe notnope ypehajem 3a nesy
CpYaHy KOMopy Ko 6onecHuLe ca nepunapTasHOM KapAUOMUONATMjOM — NPBU

cnyuyaj y Cpbuju

WBaHa hypowes', Emunuja Hectoposuh??, Mapko Yybpuno', MukaH Munowesuh?, Qywko Tepauh'?

'YHuBep3nTETCKM KNUHMYKKM LeHTap Cpbuje, KnuHika 3a Kapanoxupyprujy, beorpag, Cpbuja;
2YHUBep3UTETCKM KNMHUYKN LeHTap Cpbuje, Onesberbe 3a TpaHCMNaHTaLmjy cpLia 1 MexaH1yKy LMpKynaTopHy notnopy cpuy, beorpag,

Cpbuja;
*YHusepauTet y beorpagy, MeanunHcku pakyntet, beorpag, Cpbuja;
‘Onwra 6onHnua ,Yavak’, Yauak, Cpbuja

CAMETAK

YBop NeprnaprtanHa Kapanomuonatunja npefcras/ba peaak
1 MOTEHLWjaHO XMBOTHO YrpoxaBajyhn y3poK cpuaHe NHCy-
duumjeHLmje, Koju ce jaBrba Y KacHOj TpyaHOMM nnm y paHom
noctrnopohajHom neproay. Mako je MegrKameHTo3Ha Tepanija
Tepanuja npBor 136opa, y ciyyajeBrma pedpakTopHe nnm Tep-
MVHaHe cpyaHe NHCYpuMLMjeHLje HEOMXOAHa je X1pypLLKa
VIHTEPBEHLUja, YKIbyuyjyhii MeXaHVUKY LipKyaTopHY NoTnopy
UKW TPaHCMaHTauujy cpua.

Mpuka3s 6onecHuka Mpukasyjemo npsu ciyyaj y Cpbuju mnage
KeHe ca NnepunapTaaHOM KapAYoMMONaTWjoM, Koja je yCneLuHoO
neueHa yrpagtom ypehaja 3a MexaHnuKy notrnopy dyHKLuuje
neBe KOMOPe, HakoH Yera je 13BefieHa OpPTOTOMMjCcKa TpaHc-
nnaHTauuja cpua. bonecHuua, ctapa 25 roguHa, npuMbeHa je ca
TELLKOM GUBEHTPVIKYTapPHOM CPYaHOM UHCYULIMjEHLIMjOM TPK
1 Mo MeceLla HakoH nopohaja. YnpKoc onTvManHoj MerKameH-
TO3HOj Tepanuju, CTame joj e MOropLUIaBasio, WTO je 3axXTeBasio
yrpagmy ypehaja 3a mexaHnuky notrnopy ¢oyHKLuje nese KOMo-

DOI: https://doi.org/10.2298/SARH241008050D

pe Kao MOCTa A0 TpaHcnnaHTauvje. Ha oBom ypehajy nposena
je net roanHa, opgpxaBajyhin ofiMyaH KBanuTeT XMBOTa, CBE A0
rnojaee ogroeapajyher goHopckor cpua. TpaHcnnaHTauwja cpLa
3BefieHa je TexHMKoM GriKaBaHe aHacTomo3e, 6e3 nepronepa-
TMBHUX KOMIM/IMKaLWja 1 3HaKOBa paHor oAbaLmBama rpadra.
BonecHuua je oTnywTeHa U3 60nHMLE Y CTaBUIHOM CTakby.
3akspyuyak OBaj c/lyyaj Nokasyje 13BOA/bUBOCT U YCMELHOCT
MYNTUANCUMMIMHAPHOT NPUCTYMa Koju KoMOuHyje ypehaj 3a
MeXaHWYKy notnopy ¢pyHKLMje ieBe KoMope 1 TpaHCNIaHTaLujy
cpua y neyerby y3HanpeaoBase nepunapraaHe KapgmoMmno-
natuje. paBoBpeMeHO Npeno3HaBame nporpecuje 6onectu
1 UHAVBYAYANN30BaHO XMPYPLLKO MAaHMPake 0f K/by4YHOT
Cy 3Hayaja 3a MOCTU3atbe NOBOJbHUX UCXOfa Y OBOj BUCOKOPW-
31YHOj nonynauuju.

KmbyuHe peun: nepvnaptanHa Kapgromumonatuja; ypehaj 3a
MeXaHW4Ky NoTrnopy GpyHKLWje neBe KOMOPe; TPaHCMAaHTaLumja
CpLa; MexaHMyKa LipKyiaTopHa NoTrnopa; MOCT A0 TPaHCMIaH-
Tauuje
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CASE REPORT / MPUKA3 BOJNIECHUKA

Isolated trans-hiatal colonic herniation causing
gastric outlet obstruction

Perica Adnadevic', Violeta Dobrilovi¢', Sofija Radosavljevic’, Tijana Kosanovi¢', Dejan Stojakov?

'Dr Dragisa Misovi¢ - Dedinje University Hospital Center, Department of Radiology, Belgrade, Serbia;
’Dr Dragi$a Misovi¢ - Dedinje University Hospital Center, Department of Surgery, Belgrade, Serbia

SUMMARY

Introduction There are four types of hiatus hernia, with type IV being the rarest and occurring in less
than 5%. A hiatus hernia that contains only the transverse colon without the stomach and that did not
arise because of a traumatic diaphragmatic defect, such as in this case is very seldom, and eight similar
cases have been described in the literature so far.

Case outline A 66-year-old man presented to the emergency room with a complaint of nausea and
frequent vomiting. Upon examination, the paraumbilical region was profoundly tender. Abdominal X-ray
revealed a distended stomach with air-liquid levels in the right upper quadrant. Ultrasound of the abdo-
men showed a distended, hypotonic stomach and a suspicious solitary mass of the right kidney. Contrast
enhanced computed tomography examination showed an isolated herniation of the transverse colon
with its respective vascular pedicle, causing consecutive compression and obstruction of the pylorus and
duodenal bulb. An open laparotomy was performed - including repositioning of the transverse colon with
omentum along with repair of the crural defect and Toupet'’s fundoplication. In the same act, a right-sided
radical nephrectomy was performed. The patient was discharged after 10 days without complications.

Conclusion Isolated trans-hiatal herniation of the colon presents with non-specific symptoms and in
the case of acute gastric obstruction is an indication for urgent surgery. Correct diagnosis confirmed by

computed tomography and adequate treatment can prevent possible complications.
Keywords: hiatal hernia; paraoesophageal colonic herniation; gastric outlet obstruction

INTRODUCTION

Hiatus hernia represents the migration of intra-
abdominally positioned organs intrathoracic into
the mediastinum through the esophageal hiatus.
There are four types of hiatus hernia (I-1V),
with type IV being the rarest and occurring in
less than 5% [1-4]. A hiatus hernia contain-
ing only part of the transverse colon, without
the stomach, which did not occur because of a
traumatic diaphragmatic defect, as in this case,
is very rare, and so far, eight similar cases have
been described in the literature [5-12]. Based on
the mentioned cases, the potential modification
of the existing classification is questioned, where
type IVa could correspond to isolated herniation
of abdominal organs without the stomach [13].

This patient experienced an isolated colonic
herniation and incarceration treated by Toupet’s
fundoplication [14, 15].

CASE REPORT

A 66-year-old man presented to the emergency
room with nausea and frequent vomiting over
the course of the last ten days, with no significant
medical history, trauma, or previous opera-
tions. Upon physical examination, the epigastric
region was profoundly tender. Initial labora-
tory findings showed a white blood cell count
of 9 x 10°/1, C-reactive protein of 100 mg/dl.

Abdominal X-ray showed a distended stomach
with an air fluid level in the right upper quadrant.
Ultrasound of the abdomen revealed a distended,
hypotonic stomach and a suspicious tumorous
formation of the right kidney. Contrast enhanced
computed tomography examination showed a
paraoesophageal herniation of the transverse
colon with its mesocolon and respective vascular
pedicle, propagating through the 150 millimeters
wide hiatus cranially and forming an angulation.
The herniated colon segment was causing direct
consequential compression and obstruction of the
pylorus and duodenal bulb, while the stomach
was positioned intra-abdominally, with no torsion
and distended with fluid contents. The vascular
structures of the colon were not showing sign
of obstruction, revealing normal postcontrast
enhancement (Figures 1 and 2).

There was an expansive formation on the
lower pole of the right kidney, presenting with
radiological features of renocellular carcinoma.
The patient was admitted to the surgical depart-
ment where nasogastric decompression was
performed, evacuating over 3000 milliliters of
stomach contents. An open laparotomy was per-
formed, and intraoperative findings confirmed
that the stomach was distended and positioned
intra-abdominally, with its outlet compressed
by the colonic herniation, edematous stomach
serosa and surrounding adipose tissue, and a
significantly thinned right diaphragmatic crus.
The transverse colon with omentum was then
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Figure 1. Coronal computed tomography im-
age showing isolated intrathoracic colonic her-
niation (yellow arrows) and a solitary mass in

the right kidney

repositioned, the crural defect repaired and Toupet’s fun-
doplication was performed. In the same act a right-sided
radical nephrectomy was executed (Figure 3). Following an
uneventful postoperative course, the patient was discharged
after 10 days. Since then, the patient has been enrolled in a
routine follow-up program and reports feeling well.

Ethics: Written consent to publish all shown material
was obtained from the patient.

DISCUSSION

Limited number of cases prevents from drawing any gen-
eral conclusion.

This condition can present with a wide array of clinical
manifestations, ranging from minimal epigastric discomfort
to dyspnea, dysphagia, nausea, and vomiting, even chest
and epigastric pain [16].

In this case, we identified no significant risk factors
associated with elevated intra-abdominal pressure, con-
cluding that the most probable etiology was a congenital
defect with self-reducing hiatus hernia that progressed to
subsequent irreducible colonic migration presenting with
gastric outlet obstruction [17, 18, 19].

This direct compression of the gastric outlet caused the
patient to present with nausea and vomiting. Intraoperative
findings were conclusive with chronic hiatal herniation,
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M30n0BaHa TpaHCXMjaTalHA XepHUjaLMja TPAHCBEP3aNHOr KONOHA Kao peAaK Y3poK

ONCTPYKUMje Kenyua

Mepuua AgHahesuh', Buoneta lo6punosuh', Coduja Pagocasbesuh', TujaHa KocaHosuh', lejan Ctojakos?

'KnuHuyko-60nHuyYKM uentap, Ap Aparvwa Muwosuh - leauibe’, Onemerse paguonoruje, beorpag, Cpbuja;
2KnuHnuko-60nHMYKM LenTap, dp Oparvwa Muwosuh - Neaurse’, KnuHuka 3a xupyprujy, beorpag, Cpbuja

CAXETAK

YBop XvijaTyc XepHuja npefcTas/ba MUrpaLjy MHTpaabaomu-
HaHO NO3VLIMOHNPaHNX OPraHa HTPaTopakaaHo y MeaujacTi-
HYM Kpo3 e3odareanHu xujatyc. [loctoje YyeTrpm Tuna xmjatyc
xepHuje (I-1V), npy yemy je Tvn IV Hajpehn 1 jaBrba ce y Mame
0f 5% cnyvajeBa. XvjaTyc XepHuja Koja cafipm camo Aeo TpaHC-
Bep3asHOr KONoHa 6e3 xenyLa 1 Koja HUje HacTana Kao pesyn-
TaT Tpaymatckor aedekTa agujadparme, Kao y Haluem cnyyajy,
BeOMa je peTKa 1 A0 Cajia je OnmncaHo 0cam CAIMYHKX CllyYajeBa
y nuTepatypu. Ha ocHOBY HaBefieHNX C/lyyajeBa, AOBOAU Ce Y
nutake moryha gonyHa noctojehe knacudukauuje, rae 6v Tun
IVa morao ofiroBapati 130/10BaHOj XepHujaLmjyi abaoMUHaNHKX
opraHa 6e3 npucycTBa xenyLa.

Mpukas cnyvaja Mywkapay cTapoctu 66 roguHa jaBno ce y
XWUTHY cyx0y xanehu ce Ha My4HIHY 1 yyecTano nospahatbe.
HatvBHa paguorpaduja abgomeHa ykasusana je Ha AUCTeHAN-
paH xenypal, ca aeponvKB/AHIM HUBOOM Y IECHOM FOpHeM
KBappaHTy. YNTpa3By4YHu nperner nokasao je ANCTeHANPaH,
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XVUMOTOHMYaH XesyfaaLl U TYMopcKy ¢popmauujy fecHor ybpera.
KomnjyTeprzoBaHa Tomorpaduja ca IHTPaBEHCKIM KOHTPACTOM
nokasarna je mapaesodareasnHy xepHujaLujy TpaHCBEP3anHor
KOJIOHa ca npunagajyhom BacKynapHOM NeTesbKoM 1 ca mocsie-
AMYHOM KOMMPECHjOM 1 OMCTPYKLMjoM nusiopyca 1 6ynbyca
pyoneHyma. YpaheHa je XxvuTHa nanapoTomuja ca penosuLmo-
H/patbem TpaHCBEP3aIHOT KOJSIOHa Ca OMEHTYMOM, KpypanHu
JedeKT je penapupaH, n3BpLUeHa je yHaonmKaumja no Tynety
1 lecHa pajuKanHa Hedppektommja. MocTonepaTmBHM TOK je
NpoTeKao YpeaHo 1 60NeCHUK je OTNYLUTEH HAKOH AeceT AaHa.
3aksbyyak /130n10BaHa TpaHCxmjaTanHa XepHujaumja KonoHa
1cnosbaBa ce HecneuneUYHUM CUMITOMIMA 1, Y CllyYajy akyTHe
OMNCTPYyKLMje Xenyua, NnpeacTas/ba MHANKALMjY 3a XUTHY one-
pauujy. Mpeur3sHa arjarHo3a notepheHa KommnjyTepr3oBaHOM
Tomorpadujom 1 afekBaTaH TpeTMaH Mory cnpeunTu moryhe
KomnnmKauuje.

KrbyuHe peum: xvijatyc xepHuja; napaesodareanHa xepHujauuja
KOJIOH; raCTPOVHTECTHANHa ONCTpyKLUMja
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Migrated bullet in the bladder presenting 30 years
after a gunshot wound to the gluteal region

Nikolay Dimitrov, Valentin Yotovski, Aleksandar Timev, Velko Ivanov, Ivan Lilyanov

Alexandrovska University Hospital, Department of Urology, Sofia, Bulgaria;
Medical University of Sofia, Department of Urology, Sofia, Bulgaria

SUMMARY

Introduction In current practice, genitourinary trauma secondary to gunshot wounds is relatively rare.
Even less common is the migration of a bullet decades after the trauma, with only a few cases described
in the literature.

This article illustrates the sporadic occurrence of bullet migration into the urinary system. It underscores
the importance of prompt diagnosis and timely treatment, as the time period from the trauma occurrence
to symptom onset can be extremely long.

Case outline We present a case of a retained bullet that migrated into the bladder 30 years after the injury
in the gluteal region. This is the longest period from the occurrence of the gunshot wound to the onset
of symptoms described in the literature. After failed attempts at retrieving the bullet endoscopically, a
small cystostomy was performed with successful evacuation of the foreign body.

Conclusion The time gap from the occurrence of the trauma to the appearance of symptoms can com-
plicate the diagnostic and treatment process. The history of a gunshot wound in this region suggests
the exclusion of bullet or shrapnel migration into the bladder, regardless of the time distance since the
trauma. Although migration is rare, it highlights the need for both short-term and long-term follow-up
of patients with retained bullets and shrapnel.

Keywords: foreign-body migration; complications; urogenital system injuries; urogenital system surgery
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INTRODUCTION

Foreign-body entry into the urinary tract is
most often due to the insertion of objects into
the urethra by the patient or an intimate part-
ner, and less often to ballistic trauma with di-
rect involvement of the urinary tract. Gunshot
injuries to the genitourinary system are rare in
daily practice in developed countries. The geni-
tourinary system is affected in about 10.5% of
gunshot wounds [1]. The bladder is the second
most commonly affected part after the kidney
[2]. When considering injuries to the lower uri-
nary tract, bladder involvement accounts for
37.93% of them [3]. Much less commonly, a
foreign body can migrate into the bladder from
the perivesical tissues after trauma or surgery.
Given the scarcity of cases in the literature,

attention should be paid to the possibility of
late migration of a foreign body into the uri-
nary system, as it may complicate and delay the
diagnostic process and treatment.

CASE REPORT

A 63-year-old man presented to the urology of-
fice with an acute onset of dysuria, pollakiuria,
difficult urination with cessation of the urinary
stream acting like a valve mechanism, and pain
in the suprapubic area. The complaints started
suddenly a few weeks before the visit. The pa-
tient also reported a feeling of not emptying
the bladder and several episodes of blood in
the urine after physical exertion. He denied a
history of urinary stones. The antibiotic therapy

Figure 1. Ultrasound image of the bladder with hyperechoic structure inside
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Figure 2. X-ray of the pelvis showing the foreign body

Figure 3. Computed tomography of the pelvis showing a foreign body
with metallic density in the bladder cavity

Figure 4. Computer tomography of the pelvis showing a foreign body
with metallic density in the bladder cavity

Figure 5. Endoscopic view of the bullet that migrated into the bladder
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Figure 6. Endoscopic view of the bullet that migrated into the bladder

prescribed by his personal physician had no effect, after
which he was referred to a urologist. After a thorough his-
tory of previous illnesses and hospitalizations, he reported
a gunshot wound in the gluteal region 30 years previously
- during treatment of the wound, part of the bullet had
been evacuated, but a fragment had been left in the wound
channel. The wound healed without complications.

An ultrasound examination was performed, which re-
vealed a hyperechoic shadow within the bladder measuring
about 20 mm (Figure 1). An X-ray of the kidney—ureter-
bladder region was performed, showing a metal-density
shadow about 16 mm in diameter (Figure 2). Computed
tomography of the abdomen and pelvis showed a metal-
lic-density foreign body, suspicious for part of a bullet,
measuring about 14 mm, with an intact bladder wall and
no extravasation of contrast material. The kidneys were
without hydronephrosis (Figures 3 and 4).

Cystoscopy confirmed a migrated, free-floating bullet
fragment in the bladder (Figures 5 and 6). On careful ex-
amination, no defect or fistula was found on the bladder
wall. An attempt was made to remove the foreign body
endoscopically, but it did not pass through the bladder
neck (Figures 7 and 8).

The possibility of retrograde ejaculation after a blad-
der-neck incision and the risk of urethral injury, given the
size of the foreign body, were explained to the patient.
An informed decision was made to perform a cystotomy
with foreign-body extraction. A suprapubic incision with
a small cystotomy was performed, and a part of the bullet
measuring 14 x 10 mm was removed (Figures 9 and 10).

Under direct inspection, the bladder wall was found
to be intact. The bladder was closed in two layers, and a
catheter was placed for five days. The postoperative period
went without complication*; the* patient was discharged
five days after the surgery with complete resolution of com-
plaints. He was followed up for a period of six months,
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Figure 7. Unsuccessful endoscopic attempt to remove the bullet from
the bladder

Figure 8. Unsuccessful endoscopic attempt to remove the bullet from
the bladder

without any complaints from the genitourinary system.
The postoperative ultrasound found no abnormalities.

Ethics: Written informed consent was obtained from
the patient for publication of this case report and any ac-
companying images.

DISCUSSION

We present one of the few cases in the literature of a bul-
let migrating into the bladder several decades after the

‘ DOI: https://doi.org/10.2298/SARH250226052D

Dimitrov N. et al.

Figure 9. The extracted bullet

Figure 10. The extracted bullet

gunshot wound. To our knowledge, this is the longest peri-
od from injury to bullet migration and onset of complaints
reported in the literature. The sudden onset of complaints
and the gunshot-wound scar in the gluteal region point to a
projectile migrating 30 years after the trauma. Another fact
confirming the recent migration of the bullet is the absence
of incrustations on the metal surface. In similar cases in
the literature, at the onset of the complaints, encrustations
have already formed around the bullet or the shrapnel frag-
ment, leading to laser lithotripsy of the encrusted shell at
the first stage [4].

Primary bullet penetration into the bladder following
a gunshot wound often presents with hematuria [5]. The
possibility of involvement of other parts of the genitouri-
nary tract due to their proximity should not be forgotten.
Injury to them can occur both during trauma and during
migration of the foreign body [6]. Bullet migration into
the bladder shortly after extraperitoneal trauma has been

Srp Arh Celok Lek. 2025 Jul-Aug;153(7-8):392-395
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described, with no contrast extravasation identified on
imaging studies either during the extravesical placement
of the bullet or after migration into the bladder several
days later [7].

The migration of a bullet in the urinary tract is most
often manifested clinically with dysuric symptoms and
hematuria. A review of the literature shows that it can also
occur with the onset of acute urinary retention after caus-
ing obstruction by entering the urethra [8]. Migration of
the foreign body into the ureter can also manifest as renal
colic [9].

The variety of complaints and the different size of the
migrated foreign body determine the subsequent behavior,
which can be both conservative and invasive. Conservative
management is appropriate in cases where the size and
location of the bullet allow for its spontaneous elimination.
Consideration should include the use of alpha-blockers
and non-steroidal anti-inflammatory drugs. When, de-
spite conservative measures, the foreign body cannot be
eliminated, a more invasive approach should be under-
taken. Depending on the location and size, this varies from
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endoscopic extraction of the foreign body [5] to surgical
removal by cystotomy — which was the approach in our
case.

In conclusion, only a small number of cases of bullet
migration into the bladder have been described. After
consulting the literature, the 30-year period from the oc-
currence of the gunshot injury to the onset of symptoms
presented by us is the longest described so far. The time
gap from the occurrence of the trauma to the appearance
of symptoms can complicate the diagnostic and treatment
process. When there is a sudden onset of dysuric com-
plaints, hematuria, and a history of a gunshot wound in
this area, the migration of a bullet or shrapnel into the
bladder should be ruled out, regardless of the time dis-
tance since the trauma. Removal of the bullet in such cases
should be considered because of irritative complaints and
the possible complications that may occur. Methods of
choice that have proven their effectiveness and safety are
endoscopic removal and cystotomy.
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Murpauumja meTKa y 6ewnky 30 roguHa HaKOH NPOCTPESIHE paHe Y INYTeanHoj peruju

Hukonaj Inmutpos, BanentrH JotoBckm, Anekcanaap Tumes, Benko VBaHoB, MBaH JinnujaHos

'YHuBep3uTeTcKa 6onHMLa  AneKcaHapoBcKa', YponoluKa KnuHuka, Couja, byrapcka;
*MenuuuHckm yHusep3uTet y Coduju, Operbetbe 3a yponorujy, Coduja, byrapcka

CAMETAK

YBopa Y focapalliboj Npakcy reHUToypruHapHe Tpayme HacTane
ycnen NpoCTPeSIHUX paHa PenaTrBHO Cy peTke. Jow peha je
MurpaLmja MeTKa JeLieHnjaMma HakoH noBpefe, ca HEKONNKO
CnyyajeBa OnmcaHvx y nutepaTypu.

OBaj unaHak unycTpyje cnopaguyHy nojaBy murpaumje meT-
Ka y yPUHapHW cMCTeM 1 NOABNAYM 3Hayaj 6p3e anjarHose u
6naroBpemeHor feyera, jep Neprog o NoBpeae Ao nojase
CMMMTOMA MOe 61TV U3Y3eTHO JyT.

Mpukas 6onecHuKa MNpefcTaBbamo Cyyaj 3afpKaHor MeTKa
Koju je Murpmpao y 6elumnky 30 rof1Ha HakoH NoBpPeAe y ryTe-
anHoj peruju. OBO je Hajay»Ku Nepuog of HacTaHKa NPOCTpesnHe
paHe [0 NnojaBe CUMMTOMa OMMUCaH y nuTepatypu. HakoH Hey-
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Cnenux nokyLuaja eHAO0CKOMNCKOr U3BlayeHa MeTKa, ypaheHa
je Mana umcTocToMa ca ycnewH1M yKakbarmeM CTPaHor Tena.
3aK/by4aK BpemeHCKM pa3mak of HacTaHKa Tpayme [jo nojaBe
CUMMNTOMa MOXe [ja OTeXa NpoLec ANjarHOCTMKe 1 fleyerba.
[Jlocapalurby n3BeLLTaj O NPOCTPENHUM paHamMa y OBOj peruju
YIIaBHOM Cy UCKJbyurBanu MOryhHOCT MUrpauuje MeTka uim
renepa y 6elurky, 6e3 063mpa Ha BpeMeHCKY ANCTaHLy Of Mno-
Bpefe. Vako je murpaumja peTka, oHa ykasyje Ha noTpeby 3a
KPaTKOPOYHUM 1 AYyropoyHUm npaherwem 6onecHnKa ca 3a-
JPXaHUM MeLMa U reneprma.

KmbyuHe peun: MurpaLyja CTpaHor Tena; KoMminKkaLuje; nospe-
A€ YPOreHNTaHOT CCTeMa; XUPYpPriija yporeHUTanHor cuctema
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SUMMARY

Introduction Spinal muscular atrophy (SMA) is a rare inherited disease in the pediatric population. The
most important risk factor associated with anesthesia is increased sensitivity to opioids and neuromus-
cular blockers as well as problems with airway management and breathing. We present a case report of
an eight-month-old female infant undergoing ventriculoperitoneal shunt placement.

Case outline The infant underwent ventriculoperitoneal shunt placement for hydrocephalus following
nusinersen intrathecal injection. The premedication with benzodiazepines is omitted. Except for SMA,
the child was considered without comorbidity. The general endotracheal anesthesia was managed with
inhalational sevoflurane. The opioid analgesics as well as rocuronium for neuromuscular blockade in a
single dose were administered to the child. After the surgery, the child was awake in the operating theater.
Conclusion General endotracheal anesthesia in infants with SMA can be safely performed. Intravenous
anesthesia as well as inhalational anesthesia with sevoflurane are acceptable possibilities.

Keywords: spinal muscular atrophy; anesthesia; inhalational; ventriculoperitoneal shunt

INTRODUCTION

Spinal muscular atrophy (SMA) type 1 is a rare
inherited disease in a pediatric population [1].
It is characterized by muscular hypotonia and
delayed motor development [2]. General en-
dotracheal anesthesia is challenging in these
children because of potential problems with
the airway and breathing as well as increased
sensitivity to opioids and neuromuscular block-
ers [3]. We present a case report of an eight-
month-old female infant who underwent ven-
triculoperitoneal shunt placement.

CASE REPORT

An eight-month-old female infant with the di-
agnosis of SMA type 1 (Werding-Hoffmann
disease) was admitted to the Neurosurgery
Clinic of the University Clinical Center of
Serbia, in Belgrade for treatment of obstructive
hydrocephalus as a consequence of intrathecal
administration of nusinersen.

This is the fourth child from the fourth
pregnancy which was appropriately monitored
and uncomplicated. The child was born in the
39th gestational week, by vaginal delivery. At
birth, the child had a body weight of 3820 g and
a body length of 54 cm, with a head diameter
of 37cm and an Apgar score of 9/10. During
pregnancy, the mother has noticed that “the
baby was not that active” After birth, except

for reduced movements, the parents did not
notice anything suspicious in the infant.

During a regular pediatric follow-up, the pe-
diatrician noticed the presence of hypotonia, so
the infant was sent to a pediatric neurologist
for examination. On the 43rd day of life, the
child was admitted to the Pediatric Neurology
department for evaluation of severe hypotonia.
Because of suspicion of SMA type 1, molecular
and genetic consultation is indicated to deter-
mine the state of mutation in the SMNI gene.
Genetic evaluation revealed that there is homo-
zygous deletion of SMN1 genes and two cop-
ies of SMIN2 genes. The diagnosis of SMA type
1 was done. After the confirmed diagnosis of
SMA type 1, the indication for nusinersen ad-
ministration according to protocols was made.

On the 48th day of life, the first dose of nusin-
ersen, 12 mg, was applied intrathecally, and the
intervention was done without complications.
The first of three doses was administered at
14-day intervals, and the fourth dose was ad-
ministered 30 days after the third dose. After
the fourth dose, the parents noticed an enlarged
head circumference, so the magnetic resonance
imaging of the cranium was done. It showed the
presence of hydrocephalus. The neurosurgeon
indicated ventriculoperitoneal shunt placement.
The pediatric neurologist indicated interruption
of nusinersen intrathecal therapy, but risdiplam
in one daily dose of 0.2 mg/kg per os was ini-
tiated. The infant was transferred to a tertiary
referent neurosurgical center.



Anesthesia in an infant with spinal muscular atrophy

On admission, the infant had a body mass weight of
nine kilograms and a head circumference of 40 cm with
fontanela major 3 x 3 cm in the level of cranium bones.
The infant was awake, and interested in the environment,
with generalized weakness, preserved swallowing, and
cough. She was unable to sit independently and to crawl.
The pediatric neurologist indicated a continuation of ris-
diplam therapy, as well as on the day of surgery. She was
examined by a pediatrician, and there were no contrain-
dications for surgery. There were no recommendations for
preoperative medical respiratory support, the child was
American society of anesthesiologists physical status classi-
fication system score 3. In-room air, the oxygen saturation
of hemoglobin was 100% (Figure 1).

Premedication was intentionally omitted due to SMA.
Standard monitoring of electrocardiography, non-invasive
blood pressure, and pulse oximetry was done. Arterial
blood pressure was 125/84 mmHg and heart rate 130/min.
The infant was introduced into general endotracheal with
O,/air mixture and sevoflurane at 8 vol% which decreased
to 3 vol% till the intubation. After the infant became un-
responsive, we started with manual bag ventilation. The
nurse inserted and fixed an intravenous cannula. Before
intubation, fentanyl 25 mcg and rocuronium 5 mg intra-
venously were administered and were not repeated. The
orotracheal intubation was done with endotracheal tube
number 4, with a non-inflated cuff, fixed on 11 cm. The
position of the tube was confirmed with chest ausculta-
tion and capnography. The throat pack was done. After
intubation, mechanical ventilation was initiated (pressure-
controlled ventilation with inspiratory pressure of 15 cm
H,0 and end-expiratory pressure of 5 cm H,O, respiratory
rate 25/min, FiO, 50%). End-tidal CO, was maintained
between 37 and 41 mmHg. Anesthesia was maintained
with sevoflurane between 2 and 3 vol% and a total O,/
air flow of 3 L/min. Antibiotic prophylaxis was done with
ceftriaxone 500 mg in 100 mL of normal saline infusion.

As usual, the ventriculoperitoneal shunt was placed on
the right side: the skin and soft tissue were cut on the pa-
rietooccipital part of the scull on the right side (Figure 2).
The burr hole was formed. After the cut of the dura mater,
the cranial part of the catheter was put into the right lateral
ventricle. Clear cerebrospinal fluid occurred in the stream.
The catheter was then connected to the pump for medium
pressure. The distal portion of the system was positioned
in the peritoneum, paraumbilically on the right side. Its
function was verified, after which the layers were closed
with sutures.

Sevoflurane was stopped and the oxygen was turned to
80% on emergence. The infant was manually ventilated.
Neuromuscular blockade was reversed with neostigmine
0.5 mg and atropine 0.2 mg intravenously. After a few min-
utes, the infant became fully awake and was crying loudly.
Extubation was carried out in the inspiratory phase, without
endotracheal suction. After extubation, SpO, was 99-100%
on oxygen flow 41/min and 97-98% on room air. The infant
was transferred to the intensive care unit for further moni-
toring and oxygenation. Antibiotic therapy with ceftriaxone
once a day was continued. Analgesia was provided with

Srp Arh Celok Lek. 2025 Jul-Aug;153(7-8):396-399

Figure 1. Preoperative chest X-ray in the infant with spinal muscular
atrophy type 1

Figure 2. Postoperative native computed tomography of endocranium
scan (after ventriculoperitoneal shunt placement): A, B - still dilated
lateral ventricles; C - shunt in situ (“arrow”); D - tip of the shunt in left
lateral ventricle (“arrow”)

acetaminophen 150 mg (15 mL) intravenously every six
hours. Intravenous infusion in equal parts of 10% dextrose
solution and normal saline, 40 mL/h was administered.

The next day, she was transferred to the neurosurgical
ward in good condition - awake, eupneic, acyanotic, and
afebrile. The therapy with risdiplam was continued post-
operatively. On the second day after surgery, the infant
developed inspiratory stridor. After pediatrician examina-
tion, the next therapy is administered: methylprednisolone
1 mg/kg intravenously every 12 hours and budesonide
inhalations, 0.5 mg diluted with 2 mL of normal saline,
every 12 hours. In laboratory findings, C-reactive protein
was 11.5 mg/L, and white blood cells were 17.2 x 10°/mL.
Antibiotic therapy with ceftriaxone was continued. On
the fourth day after surgery, the stridor was in resolution,
white blood cells were 17.1 x 10°/mL, and C-reactive pro-
tein was 4.8 mg/mL. On the fifth postoperative day, the
infant was discharged from the hospital.

Ethics: We obtained informed consent from the mother
to publish the infant case, with total protection of the pa-
tient’s data.
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DISCUSSION

SMA type 1 is a rare inherited recessive genetic condi-
tion diagnosed in the first months of life. A homozygous
deletion of SMN1 exon 7 is the most common cause of
SMA type 1 and causes the clinical picture of SMA [3].
If untreated, this disease leads to progressive generalized
weakness. Affected children usually have hypotonia, diffi-
culty swallowing and cough, which can result in aspiration
pneumonia and respiratory failure [2].

Anesthetic care for infants with SMA type 1 presents
significant challenges, and literature on optimal strategies
remains limited [1-9]. Anesthesia in this population can
be safely performed when individualized care is guided by
comprehensive risk assessment tools, such as preoperative
pulmonary function evaluation (when feasible), swallow-
ing assessments, and multidisciplinary planning. Detailed
history regarding respiratory infections, feeding difficul-
ties, and ventilatory support (e.g., use of non-invasive ven-
tilation at home) is essential to stratify perioperative risk.

There is no universally accepted anesthetic regimen
for SMA type 1; however, certain principles are broadly
recommended. The use of depolarizing neuromuscular
blockers such as succinylcholine is contraindicated due to
the risk of hyperkalemia, rhabdomyolysis, and cardiac ar-
rest, which is related to the upregulation of extrajunctional
acetylcholine receptors [3, 5]. Non-depolarizing neuro-
muscular blockers, such as rocuronium or cisatracurium,
can be used cautiously at reduced doses, ideally guided by
neuromuscular monitoring (e.g., train-of-four). However,
the reliability of such monitoring in SMA patients is de-
bated due to altered neuromuscular transmission [5]. Some
authors advocate avoiding muscle relaxants entirely and re-
lying on deep inhalational or intravenous anesthesia [5, 6].

Regarding analgesia, opioid sensitivity is a concern due
to impaired clearance and weakened respiratory drive.
Short-acting opioids like remifentanil are preferred intra-
operatively because of their rapid metabolism and minimal
residual effect [2, 8]. Postoperative pain control can then be
managed with multimodal analgesia strategies to minimize
opioid requirements.
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AHecTe3uja Kog 040jueTa ca cnuHanHoM muwmnhHom atpodujom TMNa 1 ToKOM
nAacMparba BEHTPUKYNONEPUTOHEA/IHOT LIAHTA

TnjaHa Hactacosuh'?, Mupko Muhosuh*3, Muogpar Munenosuh?*, Munnua Munuh', Cy3ana bojuh?®
'YHuBep3uTeTCKN KNHMYKY LeHTap Cpbuje, KnuHuka 3a Heypoxupyprujy, Oferberbe aHecTesunonoruje 1 peaHumatonoruje, beorpag,

Cpbuija;
*YHnsepauTet y beorpagy, MeguunHcku dakyntet, beorpag, Cpbuja;

*YHnBep3uTeTCKM KNMHUYKM LieHTap Cpbuje, KnuHuka 3a Heypoxupyprujy, beorpag, Cpbuja;
*YHVNBEP3UTETCKI KNUHUYKK LieHTap Cpbuje, YpreHTHN ueHTap, beorpag, Cpbuja;
SKnuHnuko-6onHnukM LeHTap, Jp Oparvwa Muwosuh’, Beorpag, Cpbuja

CAMETAK

YBog CnHanHa mywurhHa atpoduja je HacnegHa 6onecT Koja ce
PEeTKO AujarHoCTrKyje Koa Aele. HajsaxHumju daktopu pusrka
KOju Cy moBe3aHu Ca aHecTe31njomM KoA oBe Aelle cy nosehaHa
0CET/bUBOCT Ha ONVOWHE aHaNreTKe U HeypomuLmhHe pe-
NaKcaHTe, Kao 1 npobnemu ca obesbehHerem ArcajHor nyTa u
Ancamem. [prikasyjemo cilyyaj 0CMOMECEYHOT KEHCKOT Of0j-
yeTa KOA KOr je nnacrpaH BEHTPUKYIOMEPUTOHEANTHW LIAHT.
Mpuka3s 6onecHnka Ofojuety je NnaHMPaHO Niacrpare BeH-
TPUKyNONepyUTOHeanHor WaHTa 360r xuapouedanyca HacTanor
Kao nocneguua VHTpaTeKasHe NHjeKumje HycrHepceHa. Yobu-
YajeHa npemeanKaLlmja 6eH3oAMa3enHUMa Hyje faTta aetery.
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/13y3eB cnuHanHe muwwmhHe atpoduje, aeTe Huje MMano Apyrux
KomopbuauTeTa. OniTa eHAOTPaxeanHa aHecTesuja ofpkaBaHa
je nHxanayunoHnm ceBodnypaHom. [leteTy cy AaTv onmoungHu
aHanreTuLK, Kao 1 POKYPOHWjyM Y jeaHoj Ao3w. Mo 3aBpLueTky
onepauwmje, fete je npobyheHo Ha onepaLyioHOM CTony.
3aksbyuak OriiTa eHAoTpaxeasnHa aHecTe3wja Ko ofojuaau ca
CMUHaNHOM MULLMAHOM aTpodujom MoXe ce 6e36eHO 13BECTY.
W nHTpaBeHCKa 1 nHxanaumoHa aHecTesmja ca ceBodpiypaHOM
NPUXBaT/b/BE Cy MOryRHOCTW.

KmbyuHe peun: cnuHanHa muwmnhHa atpoduja; aHecTesuja;
VHXanaLMoHa aHecTeswja; BEHTPUKYIONEPUTOHEeaTHU LWaHT
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CASE REPORT / MPUKA3 BONNECHUKA

Suicide in a shooting range — a review of two

autopsy cases

Nadica Marinkovi¢, Ivan Aleksic¢

Military Medical Academy, Institute of Pathology and Forensic Medicine, Belgrade, Serbia

SUMMARY

Introduction Shooting ranges are places designated for firearm shooting practice. Regulations outline
the technical and structural requirements, that should ensure the safety of individuals inside the shooting
range. Rules also dictate the keeping of user records and firearm-issuance records. However, mandatory
medical examinations for shooting-range users are not required, but they are obligatory for obtaining

permits for firearm possession and storage.

Outlines of cases We describe two cases of suicide in a shooting range. The individuals were men,
whose autopsies were performed at the Institute of Pathology and Forensic Medicine of the Military
Medical Academy. In both cases, the cause of death was the destruction of vital brain centers along the

trajectory of the gunshot wound.

Conclusion These cases raise the question of whether shooting ranges are truly safe places for training
and practice. While technical and structural requirements may be fully met, the health status of individu-
als who come to these facilities for shooting practice is inadequately monitored.

Keywords: shooting range; firearm; suicide; permit; medical examination

INTRODUCTION

Shooting ranges are intended for the safe hand-
ling of firearms, firing a weapon along a sing-
le trajectory from a fixed position [1]. A safe
person is one who is competent in handling
firearms and ammunition, demonstrating that
ability at all times [2]. However, suicides do
occur in shooting ranges, though reports on
such cases are rare. These incidents are revea-
led during forensic autopsies, making it crucial
for forensic pathologists to highlight cases of
suicide in shooting ranges and identify possible
oversights leading to these incidents. Firearm-
training regulations in Serbia are prescribed by
the Law on Weapons and Ammunition of the
Republic of Serbia (LWARS) and the Rulebook
on Firearm Handling Training [3, 4].

So why do suicides still happen in shoo-
ting ranges? The execution of suicide requires
a motivation to attempt suicide and suicidal
disposition. Suicidal stimulants, most com-
monly alcohol, facilitate the act. Easy access to
tirearms, combined with these factors, further
facilitates the method of suicide. The core issue
lies in inadequate monitoring of the health and
psychological state of shooting-range users.

The objective of this review is to highlight
that shooting ranges are not completely safe
places. Suicides do occur in shooting ranges.
It is necessary to assess the health condition,
primarily the mental state, of individuals who
have access to firearms in shooting ranges in
order to prevent undesirable events.

REPORTS OF CASES

We describe two cases of suicide that occurred
in two different shooting ranges in Belgrade,
Serbia. The suicides occurred in the presence
of multiple people who were at the shooting
range at the time. Both individuals were male
and right-handed. In one case, the potential
motivation was an unfinished university deg-
ree, while the motivation for the second suicide
remained unclear.

In the first case, the individual was a 26-ye-
ar-old man who was not a member of the shoo-
ting range. He used the shooting range’s ser-
vices based on a friendship with its employees.
He committed suicide one hour and 15 minutes
after arriving at the shooting range, using a “CZ
999” pistol, 9 mm caliber, owned by the facility.

In the second case, the individual was a
40-year-old man who was a member of the
shooting range and had been attending it re-
gularly for several months. On the day of his
suicide, he visited the range in the morning,
then returned in the afternoon, committing
suicide 15 minutes after his arrival, using a
“Magnum Taurus 357 pistol, .357 Mag cali-
ber, owned by the facility. In both cases, the
gunshot entrance wound was located in the
right temple area, while the exit wound was
in the left temple area. The cause of death
was the destruction of vital brain centers
along the trajectory of the gunshot wound,
inflicted by a projectile fired at close range.
Toxicological analysis of blood and urine
samples taken during autopsy, conducted at
the Department of Toxicological Chemistry at
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the Military Medical Academy, did not detect the presence
of alcohol. Immunochromatographic (lateral-flow assay)
test strips did not reveal the presence of morphine-based
opiates, cannabinoids, cocaine, amphetamines, or met-
hamphetamines in the urine samples of either victim.
Liquid chromatography with UV spectral detection iden-
tified caffeine in the blood and urine samples of the first
victim, while paracetamol (0.002 mg/L) was found in the
urine sample. No drugs were detected in the samples of
the second victim. Gunshot-residue tests on the hands of
both examined individuals were positive.

Ethics: The study was approved by the Ethics Committee
of the Military Medical Academy (No. 57/2024).

DISCUSSION

The LWARS stipulates that firearm training can be orga-
nized by individuals who can provide proof of ownership of
shooting ranges, or a lease of this business, possess evidence
of the required expertise, and meet the necessary spatial and
technical conditions, for safe firearm storage and handling
[3]. Technical and construction requirements, such as the
width of passageways, rubber strips in front of bullet traps,
bulletproof barriers between shooting lanes, evacuation
routes, and various other spatial conditions, are outlined
in regulations of Serbia and other countries [1, 2, 4]. The
risk of poisoning by lead, antimony, and carbon monoxide
in shooting ranges is also mitigated through strict control,
ventilation, and cleaning protocols [1, 2, 4]. The LWARS
states that only adults can obtain a permit to purchase and
own firearms. However, the law does not set an age limit
for entry into shooting ranges. Some shooting ranges in-
dicate in their presentations that independent use is only
permitted for individuals over the age of 18 years [5, 6].
In a retrospective study of forensic autopsies conducted
at the Institute of Pathology and Forensic Medicine of the
Military Medical Academy from 2010 to 2019, suicides in
shooting ranges accounted for 2.25% of all firearm-related
suicides. Barber et al. [7] report that shooting range suici-
des constituted 0.18% of all firearm suicides from 2004 to
2015. Other authors note that most firearm suicides occur
in facilities that house both firearm stores and shooting
ranges [8]. Due to suicides in shooting ranges in the United
States, suicide-prevention measures have been introduced.
These measures require that unknown individuals can only
visit a shooting range if accompanied by another person,
and must provide proof of completed firearm training, or
have someone who can confirm their mental competence
[7]. Access to firearms increases the risk of suicide in fa-
milies with a history of suicide cases [9]. It is estimated
that stricter government policies on firearm acquisition
could reduce firearm-related deaths in the United States
by approximately 11% in a single year [10, 11, 12].
Firearm access in shooting ranges is granted to those
who hold permits for firearm possession and carrying, as
well as to those who do not have such permits. The LWARS
establishes the conditions for obtaining firearm possession
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and carrying permits [3]. Such permits are issued after an
assessment of health eligibility, which is determined accor-
ding to the Rulebook on Health Eligibility Assessment for
Civilians for Firearm Possession and Carrying [13]. A cli-
nical examination, hearing and vision tests, and a psychiat-
ric evaluation are required [13]. This rulebook states that
alcoholism and psychoactive substance addiction are cont-
raindications for firearm possession. However, it does not
mandate a compulsory test for the presence of psychoac-
tive substances. Instead, testing is conducted based on the
indication of an occupational medicine physician or neu-
ropsychiatrist, and requires the patient’s written consent
[13]. The control of alcohol and psychoactive substance
use should be mandatory for all individuals with access to
firearms. Lower firearm homicide rates have been recorded
in countries where firearm access was restricted following
penalties for driving under the influence of alcohol or illegal
substances [14]. Legal guidelines for issuing firearm per-
mits in the United Kingdom specify that a firearm license
will only be granted after obtaining specific information
from a physician, regarding the presence of mental-health
disorders, neurological diseases, or substance abuse [15].

Suicidal thoughts and behaviors, physical pain, cogni-
tive impairment, depression, anxiety, and psychotic disor-
ders are among the many factors that may lead to suicide
[16-19]. The Rulebook on Health Eligibility Assessment in
Serbia lists panic states, phobias, sleep disorders, and mood
disorders, among various psychiatric and neurological con-
ditions, that are contraindications for firearm possession
[13]. It is evident that these disorders must be diagnosed
by a physician following a thorough examination. Serbian
law stipulates that the authority issuing firearm possession
and carrying permits, must inform the patient’s primary
care physician about the issuance of the permit [3]. The
primary care physician is obligated to notify the competent
police department about changes in medical conditions
and deteriorations in mental health, discovered during exa-
minations [3, 15]. The LWARS also prescribes financial
penalties for physicians who fail to comply with this regu-
lation [3]. An individual who holds a firearm possession
permit must submit a new medical certificate upon the
expiration of the previous one, meaning every five years
[3]. This ensures proper monitoring of firearm owners
over a specific period. A shooting-range user without a
firearm possession permit has not undergone a medical
examination, and does not have proof of health eligibility.
This means that shooting ranges allow access to firearms
for individuals without medical supervision, increasing the
likelihood of both suicides and homicides.

Firearm accessibility always carries the risk of unwanted
incidents and requires strict control. Although shooting
range suicides are rare, proper selection of individuals with
firearm access is necessary. Health-eligibility assessments,
with a particular focus on mental health and the use of
psychoactive substances, should be mandatory for all shoo-
ting-range users. This would reduce the risk of suicides and
potential homicides in shooting ranges.

Conflict of interest: None declared.
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Camoy6buCTBO y CTpe/baHU — NPUKa3 ABa CAyyaja ayToncuje

Hagnua MapuHkosuh, BaH Anekcuh

BojHomeamMLUmMHCKa akagemuja, VIHCTUTyT 3a natonorujy n cyncky meguuuny, beorpag, Cpbuja

CAXETAK

YBop CTpe/baHe Cy MecTa HametbeHa 3a raharbe BaTpeHum
opyxjem. MpaBUIHMKOM Cy MPOMMUCaHN TEXHUYKO-TpaheBUHCKM
YC/I0BM 3a CTpesbaHe Koju 6v Tpebano Aa rapaHtyjy 6e3begHoct
nnua yHyTap cTpesbaHe. MponucaHa cy n npaeuia o Bohemy
eBUAeHLMje KOPUCHUKA CTpesbaHe 1 n3faBakby opyxja. Me-
ByTuM, HUCY yCTaHOBIbEHU 06aBe3HY NIeKapCKy Nperneam 3a
KOPMCHWKe CTpesbaHa, Mako Cy OHU 06aBe3HY 3a U3faBatbe
[03BOJIa 33 ipXKatbe 1 YyBakbe opyKja.

Mpukaswm cnyyajeBa Onucyjemo fBa cilyyaja camoy6ucTsa y
CTperbaHu. Y NuTakby Cy MyllKapuy umnje cy obaykumje oba-
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B/beHe na MIHCcTuTyTy 3a natonorujy 1 cyacky meaunumnHy Boj-
HOMeAULIMHCKe akagemmje 1y oba ciyyaja y3pok cMpTi 61uno
je pasapetbe 3a XMBOT BaKHVX MOXAAHX LieHTapa Ay KaHana
npocTpesnHe rnase.

3aKsbyuyak ocTaBsba ce NuTatbe Aa Jin Cy 1 KONMKO CTpesbaHe
6e36eHa MecTa 3a 006yKy 1 Bexbe rahatba. TexHnuko-rpahe-
BUHCKW YCNIOBU Cy MOXAa NOTNYHO UCMYHEHW, anu ce 34pas-
CTBEHO CTatbe 0coba Koje fonase y cTpesbaHy Aa rahajy Hea-
AEKBATHO KOHTPOJULLE.

KmbyuHe peun: cTpesbaHa; BaTpeHo opyskje; camoybucTeo; Ao-
3BOJIa; NeKapCKM nperneq
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SUMMARY

With a history that spans 146 years, the military hospital at the Skull Tower in Ni$ is one of the most es-
teemed medical institutions of the Army of the Republic of Serbia. However, in previous research about
it, it was not sufficiently emphasized that the hospital was, in the same place and with the same function,
an institution inherited from the Ottoman era, which ended in Ni$ in 1878. In Serbian historiography,
there are practically no works on this topic. Therefore, we conducted research on the history of this
military hospital in the period under the Ottomans. In that way, we achieved the goals of our research:
to establish a direct connection between the Ottoman and Serbian military hospitals and to move the
founding date of the military health institution at the Skull Tower further into the past. In addition, the
research also led us to findings that challenge the established opinion in Serbian historiography that in
Nis, during the last decades under the Ottomans, there were no highly educated health personnel and
that modern medicine was not practiced there during that time. To achieve all this, we used unpublished
Ottoman archival materials, narrative sources and Ottoman press from the 19th century, as well as the

works of various scientific formats by contemporary Serbian, Turkish, and European authors.
Keywords: Nis; Ottomans; healthcare system; army; hospital; 19th century

INTRODUCTION

After the Principality of Serbia took over Nis in
1878, a new era began in the history of this city.
Aside from the political and urban changes, the
city also went through a cultural metamor-
phosis in which the Ottoman Westernization
of Ni§ was replaced by Europeanization under
the Obrenovi¢ dynasty [1]. However, several
institutions from the Ottoman era not only sur-
vived those changes, but also evolved in such
a way that they almost retained their original
function and continued to exist under the new
authorities. One such institution is the military
hospital at the Skull Tower.

Ottoman military medicine is a topic that
is generally not sufficiently explored even by
Turkish researchers, so the information about
the military hospital at the Skull Tower is ex-
tremely scarce. That is why we had to rely on
indirect data in order to reconstruct its work. In
addition, we consulted sources on public health
in the Ottoman Empire and analyzed the state
of healthcare in Ottoman Ni$ during the 19th
century to project the functioning of the hos-
pital and to evaluate its importance.

THE ISSUES OF PUBLIC HEALTH IN
OTTOMAN NIS DURING THE 19th
CENTURY

During the 19th century under the Ottomans,
Nis was a particularly colorful community of

various ethnicities and religions. As opposed to
politics and religion, the domain in which they
all voluntarily embraced each other’s influence
was folk medicine or, to be more precise, a mix-
ture of phytotherapy, folklore, and superstition.
The Muslims in Ni§ were inclined to mysti-
cism and folklore of other religious groups due
to the great popularity of the Bektashis in this
city. The theosophy of this dervish order was
a mixture of mysticism, folklore, and Islamic
and Judeo-Christian beliefs [2], which helped
develop the cults of several local Muslim saints
to whom Muslims used to pray for aid [3].
The local Christian population was tradi-
tionally treated with various herbs that were
picked on major religious holidays or con-
secrated in churches during the ceremonies.
When the herbs did not provide a solution,
the people turned to superstition and quacks,
who treated more with autosuggestion than
with proper medical intervention. Ottoman
Ni$ in the 19th century was full of such “ex-
perts”: Muslim priests who made magical
writings and amulets, Christian monks who
read special prayers, self-taught midwives and
bone-setters, barbers and tin artisans, spell-
casters, and self-proclaimed pharmacists who
treated all possible diseases with their strange
remedies [4, 5]. All of them offered solutions
to combat the omnipresent invisible demons
and spirits (bacteria and germs) that brought
disease and death. The remedies and treatment
methods of these people were equally obscure,
ranging from the use of herbs that actually have
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medicinal value to animal feces, human urine and dust
from craftsmen’s shops [4, 5].

Naturally, such an ignorant understanding of health was
reflected in public hygiene. The streets were narrow and
the districts dark and airless, always shaded by overgrown
gardens and lush trees full of mosquitoes. The artisans used
to dump wastewater in front of their shops [6]. Inns and
taverns often did not have stables, so the feces of draft cat-
tle and horses remained around these buildings, causing a
bad smell and dense swarms of flies. Septic tanks in house-
holds were dug shallowly and, when overflowed, they were
simply buried and new ones were dug nearby. There were
17 public fountains in the city. Most of them had poorly
maintained pipelines, so during heavy rains the water from
them was full of mud, rot and insects [7]. Private wells were
not in better condition, either. Households usually burned
garbage on Saturday evenings, so the whole city was envel-
oped in thick smelly fog for a day [7]. Domestic animals
moved freely, so it was normal for their half-decomposed
corpses to be found everywhere [6, 8].

All this caused Nis to be an epidemic hell, a community
where deaths from tuberculosis, venereal and intestinal
diseases, malaria, dysentery, scarlet fever, and typhoid were
an accepted everyday occurrence for decades [5, 7, 9].

THE OTTOMAN PUBLIC HEALTHCARE SYSTEM IN
THE 19th CENTURY

The development of modern public healthcare mecha-
nisms in the Ottoman Empire began with Sultan Selim
IIT (1789-1807) and his military reforms [10]. With the
aim of modernizing the Ottoman army according to the
European model, the sultan began to develop the services
that should take care of it, including its health. In this
regard, the first Ottoman military hospital was founded
in 1799 under the name Levent Estate Hospital (Levent
Ciftligi Hastahanesi) [11]. It worked in parallel with classi-
cal public hospitals (ddr-iis sifd) and, like the rest of Selim
IIT reforms’ outcomes, was promoted in different regions
of the country over time. A system of barracks of the mod-
ernized Ottoman army was developed with the hospital
department attached to them. This system of military bar-
racks was maintained throughout the 19th century, and
in many provincial centers (including Nis), these military
hospital departments would be responsible for local public
healthcare.

The first modern Ottoman medical school was founded
in 1805 under the name Medical School at the Imperial
Arsenal [12]. It provided not only medical education, but
also medical treatments, working that way as some sort
of a clinic. However, the school burned down in 1822 and
was left as such for several years.

A further enhancement of the Ottoman medical sys-
tem was the foundation of the Imperial Medical College
in 1827 in Constantinople [13]. In the following decades,
this higher-education institution grew, changed its name
and location, raised the quality of teaching, and developed
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courses for numerous branches of medicine. By the middle
of the 19th century, it had become a custom for the lec-
turers to be distinguished experts from the countries of
Central and Western Europe, and for the courses to be
conducted in French, as complex and modern as in Europe
at that time [13, 14]. Although the sultans and the State
generously supported the work of the college, throughout
the 19th century the staff it trained was not numerous
enough to visibly contribute to the health picture of the
Ottoman state, especially in the provinces. The Crimean
War (1853-1856) further emphasized the need for trained
doctors at the state level, but the percentage of applicants
to the Imperial Medical College was chronically low. The
reasons for that were the social structure of Ottoman so-
ciety and the European character of the college’s program,
which was too alien and challenging to most potential
candidates. This situation forced the State to tolerate the
work of quacks and questionable practitioners in the prov-
inces. However, in order to distinguish valid physicians
from mere quacks, the Law on the Practice of Medicine in
the Provinces (1861) mandated that all of them must have
certificates and licenses to practice medicine or pharmacy
[13]. Filtering provincial quacks in this way, the State re-
ferred people in the provinces to the services of trained
doctors.

MEDICAL STAFF AND CAPACITIES IN NIS BEFORE
1872

Although the population relied on quacks and folk healers,
the local authorities did a lot to ensure there were always
trained doctors in Ni$ and capacity for proper medical
treatment. For this reason, we challenge the findings of
some Serbian researchers and claims in official mono-
graphs about the military hospital at the Skull Tower, that
there were no civilian or other trained doctors in Ni§ be-
fore 1878 [5, 7, 8, 15].

According to the published narratives from the 19th
century, trained doctors were present in Ni$ as early as
1829 [16]. Also, the holdings at the Archives of Presidency
of the Republic of Turkey (BOA), such as Sadaret Mektubi
Kalemi Evraki, Miihimme Kalemi Evraki, Hariciye Nezareti
Mektubi Kalemi, Hariciye Nezareti Terciime Odasi, Sadaret
Umum Vilayat Evraki, Meclis-i Vala, and Irade Dahiliye
preserve numerous documents which confirm the presence
of the official doctors at Ni§$ until 1878. Often, they were
not given the same position or qualifications — some were
mentioned as surgeons, city doctors (Nis kasaba tabibi),
military doctors, or simply as doctors [16-20]. For some of
them it is mentioned that they were trained at the Imperial
Medical College in Constantinople [17, 21], but for the
others the information about their education is lacking.
Not all the doctors were Muslims. Many of them were na-
tive Ottoman Slavs, Jews, or Greeks [4, 17], some even
Europeans (Austrians, Italians, French) who sought the
service on the Ottoman side [16, 22]. Although their ser-
vices lasted in average from one to three years, the point is
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that Ni$ has never been without an educated doctor from
1830s until 1878. Therefore, every civilian or soldier who
trusted them (or who could afford them) had a chance to
receive medical treatment appropriate for that time.

As for the medical institutions, in 1878 the Serbian
authorities in Ni§ inherited the hospital on the Leskovac
Road, Islahana, and the large hospital at the Skull Tower [8,
9, 15]. The first was actually the infirmary of the modern
military barracks under Bubanj Hill (the so-called New
Barracks), which Midhat Pasha built in 1862 [23]. Islahana
was an orphanage and a craft school, which was adapted
into a hospital on the eve of the Serbian-Ottoman wars
(1876-1878). The third building was the only one built for
the purpose and with the specialized facilities to provide
professional medical help, hence, a hospital in the true
sense.

THE BUILDING OF THE MILITARY HOSPITAL AT THE
SKULL TOWER

In search for primary material about this hospital for
the period 1872-1878, we looked into the Archives of
Presidency of the Republic of Turkey (BOA) and exam-
ined about 10 000 pages of Ottoman press from the 19th
century. We did not manage to find a single archival docu-
ment directly related to this building before 1878, though
itis certain that Serbian authorities in 1883 handed over to
the Ottoman counterpart all documentation found in the
Ottoman hospitals in Ni§ [24]. We managed to solve this
obstacle by consulting the sources, narratives and literature
that provide indirect information. That way we successfully
reconstructed the capacities and conditions in which this
institution worked. The large military hospital in Ni§ was
built right next to the Skull Tower, the edifice which the
governor of Ni§ Hurshid Pasha built after the victory over
the Serbian insurgents on Cegar in 1809. This location
was suitable for technical, financial, and logistical reasons.

The main part of the building that was used for the
hospital was actually a summer residence owned by the
successors of Hafis Pasha, an Ottoman commander and the
governor of Ni§ who died on Ivankovac (1805) fighting the
Serbian insurgents [25]. Since the Ottoman government in
the late Tanzimat (1853-1876) preferred to buy off existing
buildings, instead of building the new ones from scratch,
from the point of saving costs it was quite understandable
why spacious (and neglected) buildings like a residence
on the outskirts of Ni§ were a financially suitable solution.

Logistically, the hospital in this place was suitable be-
cause of the proximity of the section of the Via Militaris
which led from Nis§ to Sofia. In this way, the hospital was
located at the very opposite end of Ni$ from which it could
be in danger in the case of a war with the Principality
of Serbia. In addition, the spacious field that stretched
from the Skull Tower to Niska Banja to the east offered
the possibility, in case of need, to erect additional bar-
racks directly around the hospital for the reception of the
sick and wounded, without being hindered by the dense
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city infrastructure. Also, to the west of the Skull Tower, in
the direction toward the center of Nis, there was a colony
of Circassian and Tatar refugees from the Crimea. The
hospital near the Skull Tower could directly meet their
health needs. With all this, we should not ignore the fact
that the hospital in this part of the outskirts of Ni§, with its
human nature, pacified the terrible Skull Tower, a building
that spread a bad name about the Ottomans in Europe
and which Midhat Pasha, the governor of Ni§, wanted to
remove in the 1860s [25].

What other conditions the Ottoman engineers used to
take into consideration when building the hospitals can
be seen from the report of certain Major Tosun Effendi.
In 1860 he was engaged to inspect the location for build-
ing a hospital in Pristina. For the plot of land he found
suitable for a hospital in his report he wrote that it was
on the meadow (“vast, green and suitable for growing
garden”), located in the upper part of the town (secure
from floods), it was three to five minutes away from the
downtown (meaning, from the noise, dirt, and bad smell
from overcrowded districts), supplied with running water
(streams or creeks) and with mild micro-climate [12]. The
location at the Skull Tower was simply perfect by all these
standards, with one exception. The creek Gabrovacka Reka,
which passes only 100 m from the Skull Tower, had weak
water flow, so it was most likely used only for removal of
waste and wastewater from the hospital. What is certain
is that the Serbian hospital after 1878 used the creek for
that purpose [26]. Ottoman engineers solved the supply
of drinking water in some other way.

Due to the lack of archive material, especially budget
and inspection ledgers (kesif defters), it is impossible to
reliably estimate the costs of building the hospital. Based
on preserved documents on the construction of military
hospitals in the Balkan provinces since the 1860s and the
funds Ottoman authorities spent for the construction
of complex institutions in Ni§ in the 1860s and 1870s
(Islahana, telegraph station, the New Barracks, Serbian
school), the expenses might have stretched from 116,000
up to 860,000 piasters [12, 25]. This is where our further
speculation ends.

Finally, on May 1, 1872, a hospital, designed by Major
Osman Effendi from Sofia, was opened [27]. The ceremo-
nial opening was attended by the then-governor of Nis,
Ali-Riza Pasha, and, as was the protocol, representatives
of the high city administration and religious communities
in Ni§, notable citizens and a numerous crowd.

According to Osman Effendi’s project, the hospital had
two floors. On the ground floor, there were two sickrooms,
a room for orderlies, an operating room, a pharmacy, a
storage room for clothes, a pantry room, a kitchen and
a bathroom. The second floor had two sickrooms with
88 beds, two rooms for servants, a pharmacy lab, a room
for the orderlies, a visiting room and a special room for
women who had recently given birth [25].

Since the hospital was the largest medical institution
in the County of Nis, and from the very beginning, it had
complex units (operating room, pharmacy, laboratory),
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performed deliveries and took care of bedridden patients,
we can speculate what other ancillary facilities must or
could have been part of the hospital complex. For this, we
used the organization plan of the Imperial Medical College
in Constantinople (from the second half of the 19th centu-
ry), which was the best equipped medical institution in the
Ottoman Empire [12]. According to our estimates, because
of the pharmaceutical laboratory where the drugs were
prepared, the hospital must have had some kind of green-
house or botanical garden. Also, the spacious field around
it made it possible to have a garden for convalescents to
walk and to grow fruits and vegetables for feeding the sick.
A barn was also necessary for the latter. If patients were not
fed in sickrooms, the hospital probably had some kind of
canteen or messroom. As the largest hospital in the county,
this institution could also have had its own morgue. The
operating room and the surgeons in the hospital’s per-
manent staff allowed for the possibility that the autopsies
could be performed as part of the investigative procedure;
however, this is questionable due to the unpopularity of
this procedure among the Muslim population from the
religious perspective. Of the auxiliary facilities, the hospital
certainly had a reservoir with accumulated water for the
maintenance of sanitary conditions and fire prevention, a
firewood and coal shed, a basement, etc.

From all this it is obvious that the hospital right from
the start was not intended for the military staff only, but
to provide healthcare for the entire civilian population, as
well. Regarding that, we even have statistics for the first
year of its work (March 1872 — August 1873). According
to these statistics, during the first year, the hospital treated
311 male and 293 female patients, of which 21 men and 3
women died [27]. The newspaper article from Dunav/Tuna
gazetesi did not specify which territory these numbers refer
to, whether it is only the city of Ni$ or the entire county.
Also, it is unknown what was the ratio between the patients
who were treated in the hospital and those who did it at
home, using other methods. The only conclusion is that
according to the number of patients who died (only 4 %),
the hospital undeniably contributed to the quality of health
of the local population.

The circumstances during the Serbian-Ottoman wars
completely exhausted the capacities of the hospital, so the
Serbian authorities in 1878 found it neglected and ru-
ined. The head of the Serbian Military Medical Service,
Dr. Vladan Pordevi¢, visited the hospital during the very
first days after the Serbian army took Ni$. He did not leave
a description of the state in which he found it, but indi-
rectly stated that it was in the same condition as the hos-
pital at the New Barracks: sheets and blankets were dirty
beyond any acceptance, the patients were left neglected
and without any professional supervision, the floors and
corridors were muddy and contaminated heavily with filth,
pharmacy stocks in disarray and the medical utensils scat-
tered or stolen [28]. However, a lot of hospital materials
and supplies were still there, which convinced Dr. Dordevi¢
that it was indeed a healthcare facility, so it could be still
used as such.
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The importance of the hospital at the Skull Tower
was already known to Serbian authorities. Therefore, the
Serbian government invested funds in its renovation and
immediately returned it to its original function. The pro-
cess was initiated by Dr. Dordevi¢ himself. On January
7, 1878, he submitted a proposal to the Serbian Supreme
Military Staff to form a system of a Great Military Hospital
in Ni§, consisting of the hospital at the Skull Tower,
Islahana, and the New Barracks. The Serbian Ministry of
Finance approved the funds for the initiative on January
9, and the very next day the new medical system in Ni$
began operating [28]. The Great Military Hospital in Ni§
was organized in six medical wards. The First ward was
located at the hospital at the Skull Tower, which indicates
the importance this facility had for the new authorities. A
large complex of supporting facilities was built around it,
and the hospital was handed over to the Chief Physician
Dr. Dorde Dimitrijevi¢, to run it [29]. This completed the
transfer of the hospital from the Ottoman to Serbian man-
agement and started a new era in its work, to become a
reputable institution of Serbian military healthcare system,
which lasts to this day.

CONCLUSION

Due to historical circumstances, before 1878 Ni§ was ex-
empted from the modernization that the Serbian state
was going through at that time, but in the same period it
was included in the strategy of adopting European nov-
elties implemented by the Ottoman state. The most vis-
ible evidence of this is in the matters of general public
interest, such as public health. In this regard, the results
of our research proved that the Ottoman hospital at the
Skull Tower was the first primary healthcare institution in
Nis and the predecessor of the Serbian military hospital
founded at the same place in 1878. The historical facts
are that these institutions had different organization and
technical conditions; moreover, they belonged to different
states and governing systems. But they also had the same
primary function and the importance for the local com-
munity, which makes them the sole institution that actually
belongs to two different eras.

The milestone of evolution that the hospital at the Skull
Tower has gone through was the year 1878. Although
with the capacities crippled by the Serbian-Ottoman
wars, the hospital at that time still had potential to evolve
further. Its position, capacities and strategic value, which
the Ottomans set, made it easy for Serbian Dr. Vladan
Dordevi¢ to act swiftly and turn the hospital at the Skull
Tower into what it is today. Due to historical circumstanc-
es, we will never learn whether the Ottomans also had
such ambitious plans for the hospital after 1878. The only
certain things are the straight historical continuity in the
functioning of the hospital under Ottoman and Serbian
authorities and the fact this institution moves the founda-
tion of modern healthcare in Nis deeper into the past. That
way, in the wider scope, the hospital at the Skull Tower
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contributes to heterogeneity (therefore, the cosmopolitan
character) of the historical heritage of this city.

Ethics: The authors declare that the article was written
according to the ethical standards of the Serbian Archives
of Medicine as well as ethical standards of institutions for
each author involved.
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Typcka BojHa 60nHMLa Koa hene-Kyne y Huwy (1872-1878)

Mwnat Panfenosuh', XyceuH Junmas?
'YHuBep3utet y Huwwy, MiHoBaumonn ueHTap, Huw, Cpbuja;

2YHuBep3uTeT,Llenan bajap’, ®akynTeT 3a xyMaHWUCTUUKe 1 [pyLITBEHE HayKe, KaTenpa 3a nctopujy, MaHuca, Typcka

CAXETAK

Ca nctopujom Koja Tpaje Beh 146 roguHa, BojHa 60HMLa Kof
hene-kyne y Huwy jegHa je of HajyrnefHnjux 3ppaBCTBEHNX
ycTaHoBa Bojcke Peny6nuke Cpb6uje. MehyTum, y nocapa-
WHVM NCTPaXXnBakbMa O H0j HeJOBOSbHO Ce HarnallaBano
[a je 6onHMUa 6Kna, Ha NCTOM MECTY 1 Ca UCTOM YHKLIUjoM,
HacneheHa MHCTUTYLMja M3 OCMaHCKe enoxe, Koja je y Huwy
OKOHuaHa 1878. roanHe. Y cpnckoj nctopuorpaduju pagosa
Ha Ty TeMy NpPaKTUYHO HeMa. YnpaBo 360r Tora CpoBeny Mo
UCTPaxu1Bame 0 UCTOPUjU OBe BOjHE GONHNLE y Meproay Noa
OcmaHnunjama. Ha Taj HauMH OCTBapuUIM CMO LiUSbeBE Haller
NCTpaxunBarba: yTBPAUIN CMO ANPEKTHY Be3y 13mehy ocMaHCKe
1 cpricke BojHe 6osHuMLe (Kao 1 3LpaBCTBeHe MpakKce Koja ce
y 06e cnpoBoamna) n nomepunu gybsbe y NpoLiocT roanHy

Srp Arh Celok Lek. 2025 Jul-Aug;153(7-8):403-407

OCHUBaHa BOjHe 34paBCTBeHe ycTaHOBe Kof hene-kyne. Ocum
HaBe[eHor, MCTPaXxmMBatbe Hac je OBeSO 1 A0 Ca3Hakba Koja
ocrnopaBajy yBpeXeHO MULLIberE Y CPMCKOj nctopuorpadujm
fa y Huwy Tokom nocnegmux geveHuja nog OcmaHnmjama Huje
61no B1cokoobpa3oBaHOr 3paBCTBEHOT Kaapa, Kao 1 fja ce'y
rpagy 3a To BpeMe Huije CpoBoAnsIa CaBpemMeHa MefULMHCKa
npakca.

Y unrby nocTu3arba CBera HaBe[eHor, 3a UCTPaXKuBatbe je Ko-
pywheHa HeobjaBrbeHa OCMaHCKa apXmBCKa rpaha, HapaTMBHY
13BOPU 1 OCMaHCKa LTamna 13 19. Beka, Kao 1 Aena pasnuumntor
Hay4Hor ¢popmata CaBpPemMeHNX CPMCKIX, TYPCKUX 1 eBPONCKNX
ayTopa.

KmyuHe peun: Huw; OcmaHnuje; cctem 3gpaBCTBEHE 3alUTUTE;
BOjCKa; 60nHML3; 19. BeK
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PERSONAL VIEW ARTICLE / INYHU CTAB

Al in science — dusk or dawn?

Masa Petrovi¢'?, Srdan Babic¢'? Ana Dimitrijevi¢?, Branko Lozuk’, Milovan Boji¢

'Dedinje Institute for Cardiovascular Diseases, Belgrade, Serbia;
2University of Belgrade, Faculty of Medicine, Belgrade, Serbia

SUMMARY

The peer review process remains a cornerstone of scientific integrity, ensuring that research findings
are critically evaluated before entering the scientific record. With the growing integration of artificial
intelligence (Al) and the widespread adoption of large language models (LLMs) such as ChatGPT, the
research and publishing landscape is undergoing rapid transformation. While Al offers considerable
advantages - enhancing efficiency in manuscript drafting, editing, and preliminary evaluation - it also
introduces significant risks, particularly when used beyond its optimal scope. This viewpoint underscores
the limitations of generative Al, including the phenomenon of “hallucinated” references and the inability
to perform genuine critical thinking. These shortcomings raise serious concerns about the validity of sci-
entific content when Al is used without appropriate human oversight. Emphasis is placed on preserving
the human-centered nature of peer review, which is vital to safeguarding scientific credibility. In doing
so, this article reinforces the necessity of evolving editorial and publishing policies, such as Elsevier’s
updated guidelines on the use of generative Al, to ensure responsible integration of these technologies

into the research ecosystem.

Keywords: artificial intelligence; ChatGPT; large language models; peer review

The peer review process has long served as
a cornerstone of scientific integrity, ensuring
that manuscripts undergo rigorous evaluation
by experts before publication. This system not
only validates methodological soundness and
scientific merit but also provides reassurance
to clinicians and policymakers that published
findings can be reliably integrated into evi-
dence-based medical practice. However, despite
its value, peer review is not without limitations
— chiefly, the time-consuming nature of the
process and the inherent risk of cognitive and
personal biases [1].

With the advent of artificial intelligence
(AI) and, more recently, large language mod-
els (LLMs) such as ChatGPT, there has been a
growing temptation to streamline the scientific
publishing pipeline. These tools offer appeal-
ing solutions to common barriers in scientific
communication: drafting outlines, overcom-
ing writer’s block, performing rapid literature
summarization, and even translating or proof-
reading manuscripts in record time [2, 3]. Yet,
while the capabilities of AI are undeniably im-
pressive, this raises a critical question: what are
the limitations and implications of integrating
generative Al into the publication workflow,
particularly in the domain of peer review?

At present, many leading publishers, in-
cluding Elsevier, Springer Nature, and JAMA
Network, have established formal policies
governing the use of generative Al in scientific
writing and peer review [4-8]. These policies
often emphasize transparency, discouraging
unacknowledged AI authorship and warn-
ing against reliance on Al-generated content

without human validation. The core concern
underpinning these restrictions is the phe-
nomenon known as “AI hallucination” - the
generation of plausible-sounding but factually
incorrect information [9, 10, 11].

This phenomenon poses a serious threat to
the dissemination of accurate scientific knowl-
edge. In medicine, where publications directly
inform clinical guidelines and therapeutic deci-
sions, the presence of fabricated facts or refer-
ences can be detrimental. For example, ChatGPT
may synthesize text that appears authoritative,
complete with fabricated citations and errone-
ous data, despite having no access to real-time
medical databases such as PubMed or updated
literature past its training cut-off [9-16]. Even in
newer, premium LLMs that are equipped with
internet access, the generated references are
frequently hallucinatory - fabricated altogether
or inserted as placeholders with no meaning-
ful connection to the supported claim. In some
instances, the cited reference may be real but
entirely unrelated to the content it is purported
to substantiate, introducing a false sense of cred-
ibility and potentially misleading readers who do
not perform manual verification.

Consequently, the uncritical use of such
models risks introducing misinformation into
the scientific corpus, potentially undermining
clinical care and public trust [9, 17].

The peer review process is particularly vul-
nerable to this dynamic. While Al may be lev-
eraged to assist in administrative triage (e.g.,
verifying submission completeness or adher-
ence to formatting guidelines), its integra-
tion into substantive manuscript evaluation
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introduces the risk of dehumanizing a process built upon
expert judgment and critical analysis. Peer review is not
merely a procedural checkpoint but a cognitive exercise
that demands synthesis, skepticism, contextualization, and
the application of domain-specific expertise — capabilities
that current Al lacks [1, 18].

LLMs such as ChatGPT generate responses based on
statistical associations in training data, rather than through
genuine comprehension or deductive reasoning. These
models operate through token prediction, optimizing
linguistic fluency rather than scientific validity [19]. In
contrast, human reviewers draw upon a lifetime of experi-
ence, ethical reasoning, and real-world understanding of
clinical implications - tools that no model, regardless of its
complexity, can replicate. Thus, the substitution of human
reviewers with AT compromises the foundational purpose
of peer review and threatens the gatekeeping function that
upholds scientific quality [20].

It is also critical to highlight that the over-standardiza-
tion introduced by Al-driven manuscript screening or re-
view can discourage novel or paradigm-shifting research.
Homogenized feedback, patterned on previous outputs,
may suppress the diversity of scientific thought and innova-
tion. Moreover, inappropriate rejection of unconventional
but methodologically sound work could prevent important
advances from entering the academic discourse.
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In light of these concerns, Al should be viewed as an
augmentative — not autonomous - tool. It is well-posi-
tioned to assist authors in drafting, editing, or organizing
manuscripts, and may be used for non-substantive tasks
such as checking grammatical accuracy or enhancing
language clarity [2, 3]. However, as manuscripts progress
through submission and into review, reliance on Al should
be consciously minimized to preserve the essential human
elements of critique, reflection, and accountability.

In conclusion, while the incorporation of Al in medi-
cal research and publishing offers significant promise for
increasing efficiency, its use must be bounded by ethi-
cal considerations and guided by firm human oversight.
Misuse of generative Al risks undermining the reliability
of the scientific literature, particularly in medicine, where
lives may depend on the accuracy of published findings.
Therefore, safeguarding peer review as a human-driven
process remains paramount to maintaining the credibility,
rigor, and ethical integrity of scientific discourse.
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BeluTauka MHTENUTEHLMja Y HAYLM — CYMPaK UK 30pa?

Mauwa lMetposuh'?, CphaH babuh'?, AHa QumntpujeBnh?, bpaHko Jlo3yk', MunoBaH bojuh'

"MHcTuTyT 33 KapgrosackynapHe 6onectu, [legutbe’, beorpag, Cpbuja;

*YHueep3utet y beorpapy, MeanunHcku dakynter, beorpag, Cpbuja

CAXETAK

Mpouec peLieH3nje NpeAcTaB/ba TeMeSb HayuHe BanvagHOCTH,
ocurypaBajyhv aa pesyntatv nctpax<viama 6yay KpUTUUKM
npouereHy npe objasrbusatba. Ca cBe Behom MHTerpayujom
BELUTAYKe MHTEeSIMreHLmje 1 WMPOKOM AoCTynHowhy Benu-
Kux jeanukux mopena (Large Language Models — LLMs), nonyT
ChatGPT-a, HayYHOMCTPAXKMBAYKM U 13AaBayKM NPOLIEC Npo-
na3se Kpo3 3HayajHe npomeHe. lako BeluTauka HTenureHumja
AoHocy 6pojHe NpeAHOCTY — Nobosbluame edprKacHOCTH Y Mu-
camy, ypehriBarby 1 NMOYETHO]j eBayaLmju pyKonuca — heHa
NpUMeHa 13BaH TUX OKBMPa HOCU 036ubHe pr3mnke. OBaj pag
yKa3syje Ha orpaH/yera reHepaTyBHE BelUuTauyKe VHTeIUreH-
upje, yKibyuyjyhu nojasy ,xanyumHupaHux” pedepeHum n He-

DOI: https://doi.org/10.2298/SARH240704053P

BOCTaTaK CroCOOHOCTY 33 KPUTNUYKO Pa3MULLIbakbE, LITO MOXe
YrPO3UTW Hay4YHY NOY3AaHOCT Kafja Ce OBM anatn Kopucte 6e3
oproBapajyher sbyackor Haopa. MocebaH aKLeHaT CTaB/beH
je Ha ouyBarbe JbyfCKe ynore y NpoLiecy peLieH3uje Kao KibyyHe
KapuKe y ouyBatby Kpeanbunuteta Hayke. Y TOM KOHTEKCTY,
ayTopy NoApKasajy NoTpeby 3a axxypuparbem N3AaBayuKmnx
NONWTUKa, NOMyT HOBMX CMepHKL n3gasayke Kyhe Elsevier o
ynoTpebu reHepaTUBHE BeLUTauKe UHTENUreHLuje, Kako 6u ce
ocuryparna OAroBopHa 1 eTuyka 1HTerpaLmja oBrX TEXHOMOrvja
Y HayYHOUCTPAXKMBAYKMN EKOCHCTEM.

KmyuHe peun: BelwTauka nHtenurenymja; ChatGPT; Benvku
jes3nykn mofenu; peLeHsuja
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YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

IIpe nopHomema pyKonica YpegHUIITBY Yacomnuca ,,Cprckmn
apxuB 32 HeTOKyIHO neKapcTBo (CA) cBu ayTopu Tpeda ga
npounrtajy Yuyrcrso 3a ayrope (Instructions for Authors),
rie he nponahu cBe morpedne madpopmanuje o micamwy
¥ IpUNpeMN paja y CKIafy ca CTaHAapAuMa Jacomca.
Beoma je BayKHO Ia ayTopu IpUIpeMe paj IpeMa JaTuM
Npono3nNujaMa, jep YKOIIKO pyKomuc He dyne ycknahen
C OBMIM 3aXTeBNMa, YpegHnmTBo he ogmoxxury mnm opdu-
TH 1eTOBO IydnukoBame. PagoBu odjaBmenn y CA ce He
xoHopapuy. 3a wiaHke koju he ce odjasurn y CA, camom
noHyfioM paga CpIICKOM apXIBY CBY ayTOPY paja MpeHoce
CBOja ayTOpCKa IMpaBa Ha M3aBava gacomnuca - Cpncko
TeKapCcKo APYIITBO.

OIIIITA YIIYTCTBA. CA odjaBbyje pajjoBe Koju o caja
HIICY HUT/IE 00jaB/beHN, Y LIe/IOCTI WM [Ie/IOM, HUTH IIPYXBa-
henn 3a odjaBpuBame. CA 0djaBbyje pajjoBe Ha €HITIECKOM 1
cpIickoM je3uky. 35or dorbe mocrymHOCTH 1 Behe uTnpaHocTH
IIpernopydyje ce ayTopuMa Jia pajioBe CBUX 0d/INKa Ipefajy
Ha eHI7IeckoM jesuky. Y CA ce 0djaBmyjy crenehe kareropuje
pajioBa: YBOJHUI[Y, OPUTMHATHA PafiOBM, IPETXOAHA 11 KpaTka
CaOIILIITe A, IPMKA3U OIECHNKA U CITy4ajeBa, BUEO-WIAHIM,
CTIMKe 13 KITMHIYKe MeUIIHE, IPeTIeNHI PAfiOBH, aKTye/THe
TeMe, PafIOBY 3a IIPAKCY, PA/IOBY U3 VICTOPYje MEAVIIHE 1 je3N-
Ka MeMIIMHe, MeAUIIMHCKe eTIKe, Pery/IaTOPHIX CTaHapa y
Me[IULIVIHY, M3BEILTaj)i Ca KOHIPeca 1 HAyYHMX CKYIIOBa, IMIHY
CTaBOBM, KOMEHTApH 110 II03MBHY, IIMCMa YPeIHNUKY, IPUKa3H
KIbUT3, CTPY4He BeCTH, In memoriam v ppyru npunosu. Opu-
TMHAJTHY PaJIOBY, IIPETXOHA 1 KPaTKa CAOIIIITeba, IPUKa3N
dorecHMKa 1 CTy4ajeBa, BUCO-WIAHIIM, CIIMKe U3 KIMHIYKe
MeJUIVHe, IPEreffHN PaloBU U aKTye/IHe TeMe, IIyOINKYjy
Ce HCK/bY4MBO Ha €HITIECKOM je31KY, a OCTaJie BpCTe pajjoBa
ce MOTy ITyO/IVIKOBATH 1 Ha CPIICKOM je3UKY CaMo II0 OfTyLi
VYpenuuursa. PafoBu ce yBeK JOCTaB/bajy ca Ca)KeTKOM Ha
@HITIECKOM U CPIICKOM je3UKYy (y CKJIOIy caMor pyKOIIuca).
TekcT paja KyuaTu y mporpamy 3a odpany Tekcta Word,
¢dourtom Times New Roman v BemdmHOM coBa 12 Tavyaka
(12 pt). CBe ueTupu MapruHe IOJECUTH Ha 25 M, BETUIN-
HYy cTpaHnie Ha popmar A4, a TeKCT KYLATHU C JBOCTPYKUM
IIPOpPEJOM, IeBUM IIOPaBHAEM U YB/IadeeM CBAKOT I1acyca
3a 10 mm, de3 febera peun (xudenanuje). He xopuctntu
Tady/aTope U y3acTOIIHe IIpasHe KapakTepe (crejcoBe) paju
[OpaBHama TeKCTa, Beh anaTke 3a KOHTPOITY IIOpaBHAbA Ha
newupy u Toolbars. 3a perasak Ha HOBY CTpaHy JOKyMeHTa He
KOPUCTUTH HU3 ,eHTepa®, Beh nck/byunBo oniujy Page Break.
ITocre cBaKoOr 3HaKa MHTEPIYHKIMje CTABUTY CAMO jeflaH
IIpa3aH KapakTep. AKO ce y TeKCTY KOPYCTe CIIeLja/THI 3HALH
(cumdormn), kopuctutu pont Symbol. Ilogany o kopuurheHoj
JIUTepPaTypy Y TEKCTY O3HAUaBajy ce apanckum dpojeBuma y
YIJIaCTUM 3arpajiama — Hip. [1, 2], 1 To peocefoM Kojum ce
110jaBIbYjy y TeKcTy. CTpaHMmIle HyMEepUCATHU PELOM Y HObeM
JIeCHOM YIJIy, II0U€eB Off HACTIOBHE CTPaHe.

[Ipy mucarby TeKCTa Ha €HITIECKOM je3UKy Tpeda ce Ipupp-
JKaBaTH jesnyKor cranpgapna American English  xopuctutu
KpaTKe U jacHe peveHMuIle. 3a HasyBe IeKOBA KOPUCTUTI VC-
K/bY4MBO reHepudKa 1MeHa. Ypehaju (amapari) ce osHauaBajy
(adpuuknm HasuBMMa, a MIMe U MeCTO IpousBohada Tpeda

HABECTH Y OO/IMM 3arpajiamMa. YKOJIMKO e Y TeKCTY KOPYCTe
03HaKe Koje Cy CII0j C7I0Ba 1 dpojeBa, MPeL3HO HAIICATH
dpoj Koju ce jaB/ba y CYIEepCKPUIITY WM CYICKPUITY (HIIp.
#Tc, IL-6, O,, CD8). YKONMKO Ce HemTo yodundajeHo muie
KypsusoM (italic), Tako ce 1 HaBoju, HIIp. renu (BRCAI).

YKONMKO je paji 1eo MarucTapckKe Te3e, OHOCHO JOKTOPCKe
fucepranyje, uin je ypabeH y okBupy Hay4HOT IIPOjeKTa,
10 Tpeda nocedHo HasHauyuTH y HanoMeHn Ha Kpajy Tekcra.
Takobe, ykonmko je paj IpeTXOJHO CAOIIITEH Ha HEKOM
CTPYYHOM CacCTaHKY, HABECTH 3BaHMYaH Ha3MB CKYIIa, MECTO
U BpeMe OfipyKaBakba, [Ia JIM je paji M Kako MyOIMKoBaH (HIIp.
VICTU VIV IPYTadujy HACNIOB VTN CaXKeTaK).

KIIMHNYKA MCTPAJKVBAIbA. Knyanyka McTpakmBama
ce mepuHMIIY KaO MICTPAXKMBakba YTNIIaja jeIHOT WM BULIe
CpeficTaBa WM Mepa Ha MCXOf 3ipaBba. Perucrapcku Spoj
UCTpaXMBaIba Ce HAaBOM Y TTOCIIENbeM PEfy CaXkeTKa.

ETMYKA CATTACHOCT. Pykomcy o ncTpaknpammMa Ha
/byaMa Tpeda [ia cafipKe M3jaBy y BUAY IMMCAHOT IPUCTAaHKa
MCIUTUBAHMX 0C00a Y CKIafy ¢ XeICHHIIKOM AeK/IapalijoM
1 O0dperbe HalIeXXHOT eTHYKOT 0A00pa 1A Ce MCTPAKIBAEbE
MOXKe M3BECTH U [Ia je OHO Y CK/Iajiy C IIPaBHMM CTaHIapAUMa.
EkcriepuMeHTaTHA NCTPKUBaba HA XYMaHOM MaTepujamy
M UCOUTUBAba BpIIeHA HA XMBOTUbaMa Tpeda fa cajpike
U3jaBy eTHYKOT 0A00pa yCTaHOBe U Tpeda Ia Cy Y Car/TaCHOCTH
C IIPaBHMM CTaHJAPAVMA.

M3JABA O CYKOBY MHTEPECA. V3 pykomnuc ce npuia-
Ke TIOTIMCAHA U3jaBa y oKBUpPY odpacua Submission Letter
KOjOM Ce ayTopu M3jallmbaBajy o cBakoM Moryhem cykody
MHTepeca I BeroBoM OfiCYCTBY. 3a fofatHe nHQOpMaIje
0 pasIMYMTM BPCTaMa CyKoda MHTepeca MOCeTUTI MHTeP-
HeT-cTpaHuIyy CBETCKOT yApy)Kerba YPeTHINKA MEIUIIMHCKIX
vyacommca (World Association of Medical Editors - WAME;
http://www.wame.org) mon, HasuBoM ,,IlonuTuKa u3jase o
cykody mHTepeca®

AYTOPCTBO. Cse 0code Koje cy HaBefieHe Ka0 ayTOpH
pana tTpeda ga ce kBanudukyjy 3a ayropcro. CBaku ayTop
Tpeda Jia je y4ecTBOBAO JOBO/LHO Y Pajly Ha PYKOIMCY KaKo
Sy Morao fia mpeysMe OIfOBOPHOCT 3a II/IOKYIIAH TeKCT
pesynrare n3HeceHe y pajly. AyTOPCTBO Ce 3aCHMBA CaMO Ha:
SUTHOM JONPIMHOCY KOHIISIIIMjU Pajia, JOdMjarby pesynTaTa
VIV QHA/I3Y M TYMadelby pesy/nTara; IIaHuparby pyKommca
VIV 1b€TOBOj KPUTIYKO]j PEBU3H)Y OF, SHATHOT MIHTENEKTYaTHOT
3Ha4Yaja; 3aBPIIHOM JOTEPUBalby Bep3yje PyKOIca Koju ce
IpuIpeMa 3a MTaMIambe.

AyTopn Tpeda 1a IpuIOXKe OMNC FOIPUHOCA MOjeANHATHO
3a CBaKoOI KoayTopa y oKBupy odpaciia Submission Letter.
DuHaHCHparbe, CAKYIUbakbe MOJATaKa M/IV TeHePaTHO HafIITe-
[iatbe MICTPKMBAYKE TPYIIe CAMI IO Cedt He MOTY OIpaBIaTH
aytopctBo. CBU IPYTM KOjU Cy JOIIPUHENN M3PAMI Pajia, a
KOj1 HUCY ayTOpH pyKomuca, Tpedaso du a dyny HaBegeHn y
3axBa/HMUIN C OIVICOM FIXOBOT JONIPMHOCA Pajly, HAPABHO,
y3 IMCAHM IPUCTaHAK.
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ITTATJAPU3AM. Op 1. janyapa 2019. rofguse cBY pyKOIMCH
HOABPraBajy ce IpOBepH Ha IIarujapyusam/ay TOIIaTujapusam
npexo SClndeks Assistant — Cross Check (iThenticate). PagoBu
KOJI, KOjUX ce JJOKasKe IIarujapusam/ ayTorviarujapusam duhe
ofdmjeHn, a ayTopy CaHKI[VIOHVMCAHN.

HACJIOBHA CTPAHA. Ha 1pBoj CTpaHMI PYKOIMCA Tpe-
da HaBectu crepnehe: HacmoB pana de3 ckpahenniia; npenor
KPATKOT HAaCJI0Ba Pajia, IlyHa VIMeHa 1 IIpe3uMeHa ayTopa
(des3 TuTyna) MHAeKCcHMpaHa dpojeBrMa; 3BAaHMYAH HA3UB
YCTaHOBA y KOjIMa ayTOpH pajie, MeCTO U ApXKaBy (pepocre-
JIOM KOjJ1 OfiroBapa VIH/IeKCMPaHVM dpojeBMMa ayTopa); Ha
JHY CTpaHMIIe HABECTY MIMe U IIpe3NMe, afipecy 3a KOHTAKT,
dpoj Tenedona, axca u MMejiI afipecy ayTopa 3ay>KeHor 3a
KOPECIOHZEHI Y.

CAJKETAK. ¥3 opurunanuu paf, IpeTXogHO ¥ KPAaTKO
CaOIIITe e, IPErIe]l TUTepaType, IpuKas crydaja (dome-
CHMKA), paji 13 UCTOPUje MEe[ULIHE, aKTyeJIHY TeMY, paji
3a pyOpUKY je3VK Me[MIMHe U paj 3a IPaKcy, Ha APYToj 110
peny CTpaHMIM JOKYMeHTa Tpeda IPUIOKUTH CaXkeTaK pajia
odnma 100-250 pedn. 3a OpUrrHaIHE PALOBE, IPETXOSHO U
KPAaTKO CaOIIITee caKeTak Tpeda a uMa crefehy cTpyk-
Typy: YBoz/Inm pasa, Metopie pasia, Pesynrary, 3axk/byyax;
CBaKIU Off HaBeJIeHNX CerMeHaTa MICaTH Kao IocedaH Iacyc
KOju TTounise donposanoM peun. HaBecTn HajBaxkHUje pesyi-
tare (HyMepyyKe BpeIHOCTH) CTATUCTIYKE aHA/IM3e U HIBO
3HAYajHOCTM. 3aK/by4yakK He cMe OuTH yoruiTeH, Beh Mopa
OUTHU AMPEKTHO MOBe3aH ca pe3y/ITaTuMa paja. 3a IpuKase
dorecHnka caxxeTak Tpeda a mma crnenehe fenose: Ysop (y
HOCTIef[Fb0j PedeHNIN HaBeCTH b)), [IpuKas domecHmka,
3ak/pydak; cerMeHTe Takohe mmcaru Kao mocedaH macyc
KOjJ IIOUMIbe OO/IIOBAHOM pedlt. 3a OCTajIe TUIIOBE PajjoBa
Ca)keTaK HeMa II0CedHY CTPYKTYPY.

K/bYYHE PEYMN. Vicrion Ca>keTKa HaBeCTH Off, TPY JIO ILIeCT
K/bYYHVX peun uam uspasa. He Tpeda fa ce monapbajy peun
U3 HAC/IOBA, a K/byuHe peun Tpeda fja Syfy peneBaHTHe MIN
omucHe. Y n3dopy kbydHux peun kopuctutu Medical Subject
Headings - MeSH (https://www.nlm.nih.gov/mesh/meshhome.
html).

ITPEBOJ HA CPIICKM JE3VIK. Ha Tpehoj 1o peny crpasn-
IV JOKYMEHTa IPUIOKITY HAC/IOB pajia Ha CPIICKOM je3HKY,
IyHa JIMeHa ¥ IIpe3uMeHa ayTopa (Oe3 TMTyIa) MHpeKCUpaHa
dpojeBuMa, 3BaHIYAH HA3MB YCTAaHOBA Y KOjIMa ayTOPM pajie,
MecTo 1 ipasy. Ha cne;[ehoj — YeTBPTOj IO PeMly — CTPAHMII
TOKyMeHTa IIpUIOXNTH caxxeTak (100-250 peun) ¢ KIbyIHIM
peunma (3-6), 1 TO 3a pajioBe y KOj/IMa je 0daBe3aH cakeTak
Ha eHI7IeCKOM je3uKy. [IpeBof mojMoBa us cTpaHe 1uTeparype
Tpeda na dyne y Ayxy cpIckor jesuka. CBe cTpaHe pedn min
CHUHTArMe 3a Koje II0CTOju OfiroBapajyhe nme y HaleM jesuky
3aMEHMTI TUM Ha3UBOM. YKOJIMKO je Paji y Lie/IOCTH Ha CPII-
CKOM je3UKY, IIOTpedHO je peBeCTy Ha3uBe Ipuora (Taderna,
rpauKOHa, CTMKA, CXeMa) YKOJMKO VX MMa, IIeTIOKYITHI TEeKCT
Yy IbMMa V1 JIETeHJy Ha eHITIECKM je3UK.

CTPYKTYPA PAJTA. CBy IOFHACTIOBY Ce TIMIIY BETUKUM
MacHuM cnoBuma (domng). OpurnHamIHu paj U IPeTXORHO

U KpaTKO caollITeme odaBesHo Tpeda fa uMajy cnegehe
nopHacnose: Yoy (LInb paga HaBeCTH Kao TIOCTIE Y TAcyC
YBopa), MeTope pasa, Pesynratu, luckycuja, 3akpyydax,
JIureparypa. Ilpernen nureparype u aKTyeTHy TeMy YMHe:
YBog, onrosapajyhu noguacnon, 3akpyuak, JInteparypa.
IIpBoMMeHOBaHM ayTOP NIPEITIEJHOT PajJia MOpa Jla HaBefe dap
et ayTouurara (Kao ayTop Win KoayTop) pajoBa myOnmKo-
BaHIX Y YaCONNCHMa C penteHsujoM. Koayropn, ykommko mx
UMa, MOPajy fia HaBexy dap jeiaH ayTOIMTAT pajioBa Takobe
myOIMKOBAHMX Y YacoNucKuMa ¢ perieHsnjoM. [Ipukas cnydaja
wm domecHuKa ynHe: Yoy, (LTnb paja HaBeCTH Kao IOC/IET Y
nacyc Yopa), [Ipukas donecuuxa, [Jyckycuja, JInteparypa.
He tpeda xopucTuTyu nMeHa donecHuKa, MHUIMjaIe, HUTH
dpojese ucropuja domectu, HAPOUUTO y WIyCTpaLUjama.
ITpukasu domecHMKa He CMejy MMATH BUIIE Off IIeT ayTopa.

ITpunore (Taderne, rpaduKoHe, C/IVIKE UTA.) HOCTABUTH Ha KP3j
PYKOIIVCa, a y CAMOM TeJTy TeKCTa jaCHO Ha3HAINTI MeCTO Koje
ce ogHOCK Ha faTy npuor. Kpajwa nmosuumja npuiora duhe
ozipeheHa y ToKy mpuirpeMe paja 3a mydIuKoBarbe.

CKPAREHMIE. Kopuctuty camMo Kafia je HeOIXo/IHO, U
TO 32 BeOMa JIyTauke HasyBe XeMUjCKIX jeIUberba, OTHOCHO
HasuBe Koju cy Kao ckpahenmuiie Beh npernosnat/pusu (cTaH-
nappHe ckpahenurie, kao Hip. [JHK, cupa, XVIB, ATII). 3a
cBaKy ckpaheHmITy IIyH TepMuH Tpeda HaBeCTU IPY IIPBOM
HaBODemYy y TeKCTY, ceM ako HUje CTaHJapAHa jeIHNUIIA
Mmepe. He kopuctutu ckpahenniie y Hacnosy. VsderaBaru
kopuurhemwe ckpahennia y caxxeTky, ay ako Cy HeOIIXOJIHE,
cBaky ckpaheHuIy 0djacHNITH IpY IIPBOM HaBODeY y TEKCTY.

JELVIMAJIHW BPOJEBI. Y TekcTy pajja Ha €HITIECKOM
jesuky, y Tadenama, Ha rpaMKOHMMA U IPYTUM IIPUIO3MMA
meuyMainHe dpojeBe mucaTy ca TadkoM (Hmp. 12.5 £ 3.8), a
Y TEKCTY Ha CPIICKOM je3UKy ca 3ape3oM (HIp. 12,5 £ 3,8).
Kapz rogx je To Moryhe, poj 3a0Kpy>XKIUTH Ha jefHY AeLuMaty.

JEOVIHUITE MEPA. [ly>x1uny, BUCUHY, T&XXUHY U 3alIPEMUHY
M3paXKaBaTU y METPUYKIM jefvHMIIaMa (MeTap — #1, KUIOTpaM
(rpam) - kg (g), murap - [) nnu wuxoBuM genosuma. Teme-
paTypy uspaxasaru y crerennma Llensujyca (°C), konuauny
cyIcraHiie y Monuma (mol), a IpUTICaK KPBY Y MIIMMETpUMa
sxuByHOr ctyda (mm Hg). CBe pesynraTe XeMaTONTOLIKNX,
KIMHUYKYX M OMOXeMUjCKIX Meperba HaBOUTH Y MeTpud-
KOM crcteMy pema MehynapogHom crcremy jemuuma (SI).

OBVIM PAJTOBA. IenokynHy pyKOIC pajja KOjy YMHE — Ha-
CTIOBHA CTpaHa, CaXKeTaK, TeKCT Pajia, CIIVICAK INTEPAType, CBU
IPUJIO3H, OHOCHO MOTIIVCH 32 X 1 JIeTeHzia (Tadere, C/Iuke,
rpadVKOHM, CXeMe, LIPTeXI), HACTIOBHA CTPaHa I CAKETaK Ha
CPIICKOM je3MKy — MOpa MI3HOCUTH 32 OPUTUHAIHY paf, paj
U3 ICTOpMje MeINLMHe U Iperes aureparype 1o 5000 pedn,
a 3a IIPETXOJJHO M KPATKO CAOIIIITebe, IPUKa3 dOIeCHNKa,
aKTYeNTHy TeMY, paj 3a IIPaKcy, efyKaTUBHM YWIAHAK I paj 3a
PYOpuKy ,,Jesuk Menuuuue go 3000 peun; pajoBy 3a ocTae
pySpuke Mory umaru HajBuire 1500 peun.

Buzmeo-pagoBu Mory Tpajati 5-7 MUHYTa 1 SUTH Y popMary
avi, mp4 (flv). Y npBoM Kazipy ¢puaMa Mopa ce HaBeCTH: y
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HafiHacoBy CpIICKY apXUB 32 [[e/IOKYIIHO IeKapPCTBO, HACIOB
pafa, pesnMeHa I MHNUIVjaIi MIMEHA U CPEefEbeT CI0BA CBUX
ayTopa paza (He ¢puaMa), roguHa uspage. Y Lpyrom Kaupy
Mopa OUTH YCHUM/BEH TEKCT Paja y BUAY aIlCTpakTa 5o 350
peun. Y mocrenmeM Kaipy ¢uaMa MOry ce HaBeCTy MMeHa
TEXHMYKOT 0cod/ba (peXuja, CHUMAaTeb, CBETIIO, TOH, HOTO-
rpaduja u ci1.). Y3 Bupieo-pajioBe TOCTABUTH: II0OCEOHO TEKCT
y Buay amncrpakra (fo 350 peun), jenny dpororpadujy xao
WIYCTpALjy IPUKa3a, M3jaBy IOTIIVICAHY Of CBET TEXHITIKOT
ocod/pa fia ce 0PIy ay TOPCKIIX IIpaBa y KOPUCT ayTOpa paja.

ITPVJIO3M PAJTY cy tadere, ciuke (potorpaduje, iprexi,
cxeMe, TpaduKOHN) 1 BUAEO-IIPUIO3N.

Caaka Tadena Tpeda fja dyze cama o cedu 1ako pasym/puBa.
HacrioB Tpeda oTkyriaty nsHaz Tadese, a 0djallmberba ICIIOf ibe.
Tadere ce o3HauaBajy apanckum dpojeBnma pema pefociery
HaBobema y TexcTy. Tadese pTaTy UCK/BY4IUBO Y IPOrpaMy
Word, xpos mexn Table-Insert-Table, y3 nedunnucarme TaqHor
dpoja kornoHa n peoa Koju he unHuTH Mpexy Taderne. [le-
CHUM K/IMKOM Ha muiy — nomohy omrmja Merge Cells n Split
Cells - cnajatn, ogHocHO genutn hennje. Kymarn pontom
Times New Roman, BenmuuHOM C/10Ba 12 pt, ¢ jeTHOCTPYKUM
npopenoM u de3 yBnadera Tekcta. Kopumrhene ckpahenne
y Tademu Tpeda 00jaCHUTH y JIETeH M MCIION, Taderne. YKOMMKO
je PYKOIIUC Ha CPIICKOM je3UKY, IIPUIOKUTY HasyBe Tadema
u ereHy Ha oda jesuka. Takobe, y jenHy Tadeny, y okBupy
ucte henmmje, yHeTV 1 TeKCT Ha CPIICKOM ¥ TEKCT Ha €HITIECKOM
jesuKy (HMKaKO He ITpaBUTH JBe Tadese ca iBa jesukal).

Cnuke cy cBu odnuuy rpapuuKux IpuUIora 1 Kao ,,cmke y
CA ce 0djaBmyjy dotorpaduje, pTesxu, cxeMe 1 rpadpuKOHIL.
Cryke ce 03Ha4aBajy aparickuM OpojeBrMa IpeMa pefocie-
ny HaBobema y Tekcty. [IpnMajy ce MCK/bYYMBO JUTUTAITHE
¢dororpaduje (upHo-Oente nnu y doju) pesonyuuje HajMame
300 dpi u popmara samnuca tiff unu jpg (Mane, MyTHe 11 CIVIKe
nourer kBanuTeTa Hehe ce mpuxBataTy 3a mTammame!). Yko-
JIVIKO @y TOPY He TIOCeTyjy UM HICY Y MoryhHOCTH fja locTaBe
pururtante pororpaduje, oHZAa OPUIMHATIHE CIMKe Tpeda
ckeHyparn y pesonyuuju 300 dpi v y OpUriHaIHOj BEINYNHIA.
YKOJMKO je paji HeOIXOZHO MIYCTPOBATH Ca BUIIE CIIMKA, ¥
pany he ux dutnu odjaBpeHo Hekonuko, a ocrane he durn y
e-Bep3ujii WiaHKa Kao PowerPoint pe3enTanyja (cBaka c/imka
Mopa STV HyMepucaHa ¥ UMaTH JIETeH/Y).

Bupeo-npunosn (unycrpanuje pajga) Mory Tpajatu 1-3 mMu-
HyTa u dutn y popmary avi, mp4(flv). Y3 Buzeo focraBuru
0CedHO CIMKY Koja &1t dwta mimycTpanuja Bueo-rnpukasa
y e-u3amy 1 0djaB/beHa y IITaMIIAHOM U3Jakby. YKOIMKO je
PYKOIINC Ha CPIICKOM je3UKY, IIPVIOKUTY Ha3MBe CIUKA 1
JIlereHy Ha 0da jesuka.

Crnuxe ce y cBeCIM MOTY IITaMIIaTH Y O0ju, alny OfaTHe
TPOLIKOBE IITaMIlE CHOCE ayTOPH.

Ipaduxonn tpeda na dyny ypabenn u nocrabeHn y mporpamy
Excel, ma du ce Bupene mparehe BpegrocTu pacropebene o
henujama. Vicre rpadukone npexonuparu n'y Word-os fo-
KYMeHT, T7ie ce rpaduKOHI O3HAYaBajy apaICKIM dpojeBrumMa

IpeMa pefociefly HaBohemwa y Tekcty. CBu mojany Ha rpa-
¢duxony kyuajy ce y doury Times New Roman. Kopuuhene
ckpahenniie Ha rpaduKOHy Tpeda 0djaCHUTH Y JlereH M VICIION
rpaduKoHa. Y IITaMIIaHOj Bep3Uju WiaHKa BepOBaTHUje je fia
rpaduxoH Hehe dutn mTamman y doju, Te je dorbe nsderasaru
kopuitheme doja y rpaduKOHNMA, WV MX KOPUCTUTHU Pasyin-
YUTOT MHTEH3UTETA. YKOJIVKO je PYKOIIVC Ha CPIICKOM je3MKY,
IPWIOXKWUTY HasuBe rpadKOHa 1 JIereHy Ha 0da jesuka.

IIprexu 1 cxeMe ce OCTaB/bajy y jpg win tiff opmary. Cxeme
ce mory upraru u y nporpamy CorelDraw wm Adobe Illustrator
(porpamu 3a pajj ca BeKTOpyMa, KpusaMa). CBM IoaIy Ha
cxemn Kynajy ce y poury Times New Roman, Be/4nHa Cl1oBa
10 pt. Kopuurhene ckpahenniie Ha cxemn Tpeda odjacHUTH
y JIeTeH/IY UCIOJ cXeMe. YKOIUKO je PYKOIMC Ha CPIICKOM
je3MKY, IIPUIOXKMTI Ha3MBe CXeMa U JIeTeH]Ty Ha 00a jesyKa.

3AXBAJIHUIIA. HaBecTu cBe capafiHMKe KOju Cy JJOIIPK-
HeJIM CTBaparby pajia a He VICITybaBajy MepuIa 3a ayTOPCTBO,
Kao 1ITO ¢y ocode Koje 0de3debyyjy rexunmuky momoh, momoh
y IMcamby paja WiK PyKoBOJie ofie/berbeM Koje 0de3dedyje
ommTy noppmky. PrHaHCHjCKA ¥ MaTepujanHa moMoh, y
OQNIMKY CIIOH30PCTBA, CTUIICH/INja, TIOKJIOHA, OIIPeMe, JIEKOBA
u fipyro, Tpeda Takobe fa dyne HaBeseHa.

JIMTEPATYPA. Crucak pedepeHLI je OFTOBOPHOCT ayTo-
pa, a qUTHpaHM WiaHIM Tpeda fa SyAy aKo IPUCTYIaYHN
ynTaoryMa dacomnuca. Crora y3 cBaky pedepeHiry odaBesHo
tpeda HaBectnt DOI §poj wiaHKa (jeAMHCTBEHY HUCKY Kapak-
Tepa Koja My je nopierbeHa) u PMID §poj yKONMKO je WiaHak
nnpexcupas y dasu PubMed/MEDLINE.

Pedepeniie HyMepycaTy pegHIM apaIicKuM dpojeBrMa Ipema
penocneny HaBobema y TekcTy. bpoj pedeperiiu He du Tpedaio
na dyze Behu oz 30, 0cuM y IIperyiefly TuTepaType, y KojeM je
TIO3BOJbEHO 1A IX 6y;[e 1o 50, My MeTaaHa/IN3MY, ITe MX je 10-
3B07beHO 110 100. Bpoj uuTrpanyx opurmHaTHKUX pajfioBa MOpa
Sty HajMame 80% oy yKymHor dpoja pedepeHIn, OTHOCHO
Spoj INTHMpPaHNUX KIbITa, TIOI/IAB/bA Y KEbUIaMa I IPeT/IeHUX
wraHaka Mamy o 20%. Ykonmko ce gomahe MoHorpadcke
nydnuKanuje ¥ WIaHIM MOTY YBPCTUTHI y pedepeHle, ayTo-
PY CY Ly)XHU [ia ¥X LuTupajy. BehnHa nurupannx Hayqanx
yraHaka He 01 Tpedasno fa dyzme crapumja of meT rOAMHA.
Huje 03BO/bEHO LIUTHPatbe AlCTPaKaTa. YKOIMKO je SUTHO
KOMEHTApUCATI Pe3y/Tare KOjii Cy IyO/IMKOBAaHN CaMO Y BULY
alCTpaKTa, HEOIIXOIHO je TO HABECTH Y CAMOM TeKCTY pajia.
Pedepentie wianaka koji cy mpuxsaheHy 3a IITaMITY, a/lu jOLI
HICY 00jaB/beHM, Tpeda 03HAUNUTI Ca in press U IPUTOKNUTH
JI0Ka3 O IIpUXBaTamby paja 3a 00jaB/buBalbe.

Pedepente ce utupajy npema Bankysepckom cruny (yHu-
(dbopMucaHNM 3aXTeBUMa 3a PYKOIIICe KOjIi ce Ipefiajy duome-
[VILIMHCKIM YacOIICUMa), KOji je ycroctasuo Melyynapogsn
KOMUTET ypeJHUKa MeAMIMHCKIX yacomca (http://www.
icmje.org), unju popmar xopucre U.S. National Library of
Medicine u daze Hayunux nydnukanuja. [Ipumepe HaBoherma
mydnukarpyja (WIaHaKa, KEbUra n APYTuX MOHOrpadja, eek-
TPOHCKOL, He0djaB/beHOT 11 APYTOT 0djaB/beHOT MaTepujaja)
Mory ce mpoHahu Ha MHTepHeT-cTpaunLy https://www.nlm.
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nih.gov/bsd/uniform_requirements.html. ITpunikom HaBobera
NUTepaType BeoMa je BayKHO IIPUJP>KABATH Ce IOMEHYTOT
CTaHJapJa, jep je To jesaH of HajduTHUjuX (akTopa 3a NH-
IeKCHparbe IPUINKOM KIacuUKaIje Hay IHIX JacOIINCa.

ITPOIIPATHO IIMCMO (SUBMISSION LETTER). V3
PyKOIIC 00aBE3HO IPUIOKUTH 0dpasal] Koju Cy HOTIVCAIN
CBUL ayTOPY, @ KOj)1 Cafip>Kit: 1) 13jaBy fa paji IPeTXORHO Huje
IyO/IMKOBAH U Jla HYje UICTOBPEMEHO MOTHET 32 0djaB/blBakbe
HEKOM JIPYTOM JacOMVICY, 2) M3jaBy /ja Cy PyKOIVC IPOYNTaIIN
¥ OfJOdpUIIV CBY @y TOPY KOjU MCITYIbaBajy MepuiIa ay TOPCTBa,
u 3) KOHTaKT [OfIaTKe CBUX ayTopa y pagy (azpece, numejn
appece, Tenedone utx.). branko odpasai rpeda mpeysern ca
UHTepHeT-cTpaHune yacormca (http://www.srpskiarhiv.rs/en/
submission-letter/SubmissionLetterForm2023.pdf).

Takobe je moTpedHO HOCTaBUTH KOMMje CBUX [JO3BOJIA 3a: pe-
IPOAYKOBatbe IIPETXOHO 00jaB/beHOT MaTepHjaa, yIoTpedy
uiycrpanuja 1 odjas/pyBare HHGOPMALja O IO3HATHM JbY-
JVIMa VIV IMEHOBAbe JbY/IV KOjU Cy OTPUHE/IN M3Pajiy paja.

YIAHAPVUHA T HAKHAJE 3A OGPATY 1 OBJAB/bI-
BAIBE YWIAHKA. [Ta 6u paj; S0 pasmaTpaH 3a 0djaB/blBatbe
y qaconucy Cpiicku apxué 3a yesoKyilHo 1eKapciliéo, CBU
ayTOpPU KOjJt CY JieKapy uay croMmarosnosu n3 Cpduje Mopajy
Sutn wraHoBu CpIICKOT TeKapCcKOT APYLITBa (y CKIamy ca
yraHoM 9 Craryra JJpyiTsa) y TOAMHY Y KOjoj paj Ipenajy
Ha pasMaTparbe.

Crnepehe HakHaze cy odaBesHe Kako du paj duo mpernenas,
odpaben 1 norenuujanHo odjaBpen y Cpiickom apxusy 3a
UeNI0KYIHO NeKapCili60:

» HAaKHaJla 3a [perJie] CBAKOT PUMJ/beHOT paga gomahnx
ayropa usHocu 6.000 gyuHapa 1o pagy;

 HaKHaJia 3a prxBaheH paji, ONHOCHO HaKHaJa 3a 00jaB/bu-
Bambe pazia fomahnx ayTopa usHocu 12.000 gunapa o pagy;

 HaKHaJIa 3a IIPeT7Ie]] CBAKOT IIPYM/BbEHOT pajia CTPaHMX ay-
TOpa M3HOCHK 75 €Bpa, U JMHAPCKA IPOTUBBPENTHOCT 110
cpenmeM kypcy HBC Ha faH miahama, 1o pany;

» HAKHaJa 3a IpuxBaheH paj, OFHOCHO HaKHa/A 3a 0dja-
B/bMBalbe pajla CTPaHMX ayTopa usHocu 150 eBpa, mimn
JMHApCKa IPOTUBBPENHOCT 10 cpefmeM Kypcy HBC Ha
nas mahaa, 1Mo papy.

Haxnape ce mmahajy npe mperienama, OZHOCHO Ipe 0dja-
B/bMBama paja. Panosu 3a koje Hucy miahene nakuase Hehe
duTH Ipernefany, OZHOCHO 0djaB/beHN.

Tpeda HamoMeHyTI fja yIIaTa HaKHae 3a [Iper/ie]] paja Huje
rapaHuuja fa he pag dutu npuxsahen u odjasmen y Cpiickom
apxusy 3a uenoKyiuHo 1ekapciieo.

YcraHoBe (paBHa /IMIja) He MOTY IIPEKO CBOje IpeTIiaTe
7la MCIyHe OBaj ycIoB ayTopa (pusmdkor mia). Y3 pykomuc
pana Tpeda HOCTaBUTHU KOIUje YIUIATHNILIA 32 YWIAHAPUHY U
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INSTRUCTIONS FOR AUTHORS

Before submitting their paper to the Editorial Office of the
Serbian Archives of Medicine, authors should read the In-
structions for Authors, where they will find all the necessary
information on writing their manuscript in accordance with
the journal’s standards. It is essential that authors prepare
their manuscript according to established specifications,
as failure to do so will result in paper being delayed or
rejected. Serbian Archives of Medicine provides no fee for
published articles. By submitting a paper for publishing
consideration, authors of a paper accepted for publication
in the Serbian Archives of Medicine grant and assign all
copyrights to the publisher - the Serbian Medical Society.

GENERAL INSTRUCTIONS. Serbian Archives of Medicine publishes
papers that have not been, either in their entirety or partially,
previously published, and that have not been accepted for
publication elsewhere. Serbian Archives of Medicine publishes
papers in English and Serbian. For better availability and ci-
tation, authors are encouraged to submit articles of all types
in English. The journal publishes the following article types:
editorials, original papers, preliminary and short communi-
cations, case reports, video-articles, images in clinical medi-
cine, review articles, current topics, articles for practitioners,
history of medicine articles, language of medicine articles,
medical ethics (clinical ethics, publication ethics) and regula-
tory standards in medicine, congress and scientific meeting
reports, personal view articles, invited commentaries, letters
to the editor, book reviews, professional news, In memoriam
and other articles. Original papers, case reports, preliminary
and short communications, review articles, current topics,
video-articles and images in clinical medicine are published
in English only, while other article types may be published in
Serbian if the Editorial Office reaches such decision.

The papers are always submitted with Summary in both Eng-
lish and Serbian, included in the manuscript file. The text of
the manuscript should be typed in MS Word using the Times
New Roman typeface, and font size 12 pt. The text should be
prepared with margins set to 25 mm and onto A4 paper size,
with double line spacing, aligned left and the initial lines of
all paragraphs indented 10 mm, without hyphenation. Tabs
and successive blank spaces are not to be used for text align-
ment; instead, ruler alignment control tool and Toolbars are
suggested. In order to start a new page within the document,
Page Break option should be used instead of consecutive
enters. Only one space follows after any punctuation mark.
If special signs (symbols) are used in the text, use the Symbol
font. References cited in the text are numbered with Arabic
numerals within parenthesis (for example: [1, 2]), in order of
appearance in the text. Pages are numbered consecutively in
the right bottom corner, beginning from the title page.

When writing text in English, linguistic standard American
English should be observed. Write short and clear sentences.
Generic names should be exclusively used for the names of
drugs. Devices (apparatuses, instruments) are termed by trade
names, while their name and place of production should be
indicated in the brackets. If a letter-number combination is
used, the number should be precisely designated in superscript

or subscript (i.e., *Tc, IL-6, O,, CD8). If something is com-
monly written in italics, such as genes (e.g. BRCA1), it should
be written in this manner in the paper as well.

If a paper is a part of a master’s or doctoral thesis, or a research
project, that should be designated in a separate note at the end
of the text. Also, if the article was previously presented at any
scientific meeting, the name, venue and time of the meeting
should be stated, as well as the manner in which the paper
had been published (e.g. changed title or abstract).

CLINICAL TRIALS. Clinical trial is defined as any research
related to one or more health related interventions in order to
evaluate the effects on health outcomes. The trial registration
number should be included as the last line of the Summary.

ETHICAL APPROVAL. Manuscripts with human medical
research should contain a statement that the subjects’ written
consent was obtained, according to the Declaration of Helsinki,
the study has been approved by competent ethics committee,
and conforms to the legal standards. Experimental studies with
human material and animal studies should contain statement
of the institutional ethics committee and meet legal standards.

CONFLICT OF INTEREST STATEMENT. The manuscript must
be accompanied by a disclosure statement from all authors
(contained within the Submission Letter) declaring any po-
tential interest or stating that the authors have no conflict
of interest. For additional information on different types of
conflict of interest, please see World Association of Medical
Editors (WAME, www.wame.org) policy statement on conflict
of interest.

AUTHORSHIP. All individuals listed as authors should
be qualified for authorship. Every author should have par-
ticipated sufficiently in writing the article in order to take
responsibility for the whole article and results presented in
the text. Authorship is based only on: crucial contribution
to the article conception, obtaining of results or analysis and
interpretation of results; design of manuscript or its critical
review of significant intellectual value; final revision of the
manuscript being prepared for publication.

The authors should enclose the description of contribution to
the article of every co-author individually (within the Submis-
sion Letter). Funding, collection of data or general supervi-
sion of the research group alone cannot justify authorship.
All other individuals having contributed to the preparation
of the article should be mentioned in the Acknowledgment
section, with description of their contribution to the paper,
with their written consent.

PLAGIARISM. Since January 1, 2019 all manuscripts have
been submitted via SCIndeks Assistant to Cross Check (soft-
ware iThenticate) for plagiarism and auto-plagiarism control.
The manuscripts with approved plagiarism/auto-plagiarism
will be rejected and authors will not be welcome to publish
in Serbian Achieves of Medicine.
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TITLE PAGE. The first page of the manuscript (cover sheet)
should include the following: title of the paper without any
abbreviations; suggested running title; each author’s full names
and family names (no titles), indexed by numbers; official
name, place and country of the institution in which authors
work (in order corresponding to the indexed numbers of the
authors); at the bottom of the page: name and family name,
address, phone and fax number, and e-mail address of a cor-
responding author.

SUMMARY. Along with the original article, preliminary and
short communication, review article, case report, article on
history of medicine, current topic article, article for language
of medicine and article for practitioners, the summary not
exceeding 100-250 words should be typed on the second
page of the manuscript. In original articles, the summary
should have the following structure: Introduction/Objective,
Methods, Results, Conclusion. Each segment should be typed
in a separate paragraph using boldface. The most significant
results (numerical values), statistical analysis and level of
significance are to be included. The conclusion must not be
generalized; it needs to point directly to the results of the study.
In case reports, the summary should consist of the following:
Introduction (final sentence is to state the objective), Case
outline (Outline of cases), Conclusion. Each segment should
be typed in a separate paragraph using boldface. In other types
of papers, the summary has no special outline.

KEYWORDS. Below the summary, 3 to 6 keywords or phrases
should be typed. The keywords need not repeat words in the
title and should be relevant or descriptive. Medical Subject
Headings — MeSH (https://www.nlm.nih. gov/mesh/meshhome.
html) are to be used for selection of the keywords.

TRANSLATION INTO SERBIAN. The third page of the
manuscript should include: title of the paper in the Serbian
language; each author’s full name and family name (no titles),
indexed by numbers; official name, place and 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 compulsory. The terms taken
from foreign literature should be translated into comprehen-
sible Serbian. All foreign words or syntagms that have a cor-
responding 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 headings
should be in capital letters using boldface. Original articles
and preliminary and short communications should have the
following section headings: Introduction (objective is to be
stated in the final paragraph of the Introduction), Methods,
Results, Discussion, Conclusion, References. A review article
and current topic include: 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 (objec-
tive 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 ab-
breviations (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 allowed 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, includ-
ing 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 (mmHg).
All results of hematological, clinical and biochemical measure-
ments should be expressed in the metric system according to
the International System of Units (SI units).

LENGTH OF PAPER. The entire text of the manuscript - title
page, summary, the whole text, list of references, all enclosures
including captions and legends (tables, photographs, graphs,
schemes, sketches), title page and summary in Serbian — must
not exceed 5,000 words for original articles, review articles
and articles on history of medicine, and 3,000 words for case
reports, preliminary and short communications, current top-
ics, articles for practitioners, educational articles and articles
for “Language of medicine”, congress and scientific meeting
reports; for any other section maximum is 1,500 words.
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Video-articles are to last 5-7 minutes and need to be submitted
in the flv video format. The first shot of the video must contain
the following: title of the journal in the heading (Serbian Ar-
chives of Medicine), title of the work, last names and initials of
first and middle names of the paper’s authors (not those of the
creators of the video), year of creation. The second shot must
show summary of the 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 separate 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-explanatory.
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
‘tigures’ 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 quality will not be
accepted for publishing!). If authors do not possess or are not
able to provide digital photographs, then the original photos
should be scanned in 300 dpi, and saved in original size. If
a paper needs to be illustrated with a considerable number
of figures, several figures will be published within the paper,
and the rest will be available in the electronic version of the
paper as a 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 submit-
ted in the flv format. Along with the video, a still/photograph
representative of the video is also needed, as it will be used as
a placeholder in the electronic version of the paper, and as an
illustration in the printed version.

If the manuscript is entirely in the Serbian language, photo-
graphs and corresponding legend should be both in Serbian
and English.

Photographs may be printed and published in color, but pos-
sible 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 vec-
tors, 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.

ACKNOWLEDGMENT. List all those individuals having
contributed to preparation of the article but having not met
the criteria of authorship, such as individuals providing techni-
cal assistance, assistance in writing the paper or running the
department securing general support. Financial aid and all
other support in the form of sponsorship, grants, donations of
equipment and medications, etc., should be mentioned as well.

REFERENCES. The reference list is the responsibility of
the authors. Cited articles should be readily accessible to
the journal’s readers. Therefore, following each reference, its
DOI number and PMID number (if the article is indexed for
MEDLINE/PubMed) should be typed. References should be
numbered in Arabic numerals in order of citation in the text.
The overall number of references should not exceed 30, except
in review articles, where maximum of 50 is acceptable, and in
meta-analyses, where up to 100 references are allowed. The
number of citations of original articles must be at least 80%
of the total number of references, and the number of citations
of books, chapters and literature reviews less than 20%. If
monographs and articles written by Serbian authors could be
included in the reference list, the authors are obliged to cite
them. The majority of the cited articles should not be older
than five years. Use of abstracts as references is not allowed. If
it is important to comment on results published solely in the
form of an abstract, it is necessary to do so within the text of
the article. The references of articles accepted for publication
should be designated as in press with the enclosed proof of
approval for publication.

The references are cited according to the Vancouver style (Uni-
formed Requirements for Manuscripts Submitted to Biomedical
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Journals), rules and formats established by the International
Committee of Medical Journal Editors (http://www.icmje.org),
used by the U.S. National Library of Medicine and scientific
publications databases. Examples of citing publications (journal
articles, books and other monographs, electronic, unpublished
and other published material) can be found on the web site
https://www.nlm.nih. gov/bsd/uniform_requirements.html. In
citation of references, the defined standards should be strictly
followed, because it is one of the essential factors of indexing
for classification of scientific journals.

SUBMISSION LETTER. The manuscript must be accompanied
by the Submission Letter, which is signed by all authors and
includes the following: 1) statement that the paper has never
been published and concurrently submitted for publication to
any other journal; 2) statement that the manuscript has been
read and approved by all authors who have met the criteria
of authorship; and 3) contact information of all authors of
the article (address, email, telephone number, etc.). Blank
Submission Letter form can be downloaded from the jour-
nal’s web site (http://www.srpskiarhiv.rs/en/submission-letter/
SubmissionLetterForm2023.pdf).

Additionally, the authors should submit the following copies
of all permits for: reproduction of formerly published mate-
rial, use of illustrations and publication of information on
known people or disclosure of the names of people having
contributed to the work.

MEMBERSHIP FEE AND REVIEW AND PUBLICATION
FEES. For an article to be considered for publishing in the
Serbian Archives of Medicine, all its authors and co-authors
residing in Serbia (if they are medical doctors or doctors of
dental medicine) must be members of the Serbian Medical
Society (in accordance with Article 9 of the Society’s Bylaw)
for the year in which the paper is being submitted.

The following fees are required for the review, processing, and
publication of manuscripts in the Serbian Archives of Medicine:

» Review fee for each manuscript submitted by domestic
authors: 6,000 dinars per manuscript;

« Publication fee for each accepted manuscript by domestic
authors: 12,000 dinars per manuscript;

« Review fee for each manuscript submitted by foreign authors:
75 EUR, or the dinar equivalent calculated at the National
Bank of Serbia’s middle exchange rate on the day of payment,
per manuscript;

« Publication fee for each accepted manuscript by foreign
authors: 150 EUR, or the dinar equivalent calculated at the
National Bank of Serbia’s middle exchange rate on the day
of payment, per manuscript.

Respective fees must be paid before a manuscript is reviewed
or published. Manuscripts for which the prescribed fees have
not been paid will not be processed further.

Please note that the payment of this charge does not guarantee
acceptance of the manuscript for publication and does not
influence the outcome of the review procedure, in accordance
with the Good Publication Practice. The journal accepts dona-
tions from sponsors to create a sum for payment reductions
or waivers for authors unable to cover the article processing
and publication charges (a justification of the inability to pay
should be provided in such cases). Institutions (legal entities)
cannot by their subscription cover this condition on behalf
of the authors (natural persons). Copies of deposit slips for
membership and article processing charge should be enclosed
with the manuscript. Foreign authors are under no obligation
to be members of the Serbian Medical Society. All the relevant
information can be obtained via email address of the Edito-
rial Office (office@srpskiarhiv.rs) and on the journal’s web site
(http://srpskiarhiv.rs/en/subscription/).

SUBMISSION. The online submission system will guide
you through the process of entering your article details and
uploading your files. All correspondence, including notifica-
tion of the Editorial Office, requests for revision and editors’
decision will be sent by e-mail.

Please submit your manuscript and all enclosures via: http://
www.srpskiarhiv.rs.

NOTE. The papers not complying with these instructions
will not be reviewed and will be returned to the authors for
revision. Observing the instructions for preparation of papers
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the entire process of publication and will have a positive ef-
fect on the quality and timely release of the journal’s issues.
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