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1874,

The title page of the first journal volume in Latin

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

y KojeM ce 06jaBbyjy pasoBu €wiaHoBa CpIICKOT JIeKapCKOT ApYyIITBa,
MIPETTIIATHMKA YaCOTIVCA ¥ 4IAHOBA IPYTUX APYIITaBa MEUIMHCKIX ¥ CPOTHIX
crpyka. O6jaBibyjy ce: yBOJHMIIN, OPUTMHAIHY PajioOBY, IPETXOHA U KpaTkKa ca-
OINIITEH:A, IIPUKa3y 6O/IECHNKA U CTy4ajeBa, BUJIe0-WIAHIIN, CIUKe U3 KIIMHIIKe
MeJIVIHe, TIPET/Ie{HN PajIOBY, aKTye/THe TeMe, PAJIOBM 3a IIPAKCY, PajIOBY U3
uCTOpUje MeUIIMHE Y je3VKa MeMIIHE, MeIUIIMHCKE eTVKE VI PeryaTOPHUX
CTaHZap/a y MeIMIMHM, M3BEIITaj) Ca KOHTPeca I HayYHMX CKYNOBa, TNYHA
CTaBOBU, HAPYYEHM KOMEHTAPH, MCMA YPENHNUKY, IPUKa3U KIbUra, CTPyIHe
BeCTU, In memoriam n gpyru npuao3mu.

CBU PyKOIICH KOji Ce pa3MaTpajy 3a ITamiame y ,,CPIIcKkoM apX1By 3a
1e/IOKYITHO IeKapCTBO He MOTY Jia Ce IOofHeCy uin Aa 6yny pasMaTpaHu 3a
my6/mKoBarbe Ha ApyruM MecTuMa. PajioBy He cMejy fia Oy/y peTXOHO ITaM-
TIaHM Ha IPYTUM MeCTUMA (IeIMMIIHO M/ Y IOTIIYHOCTH).

ITpucneny pykormc Ypehusauku o6op mame perieH3eHTIIMa pajiyt CTPyYHe
nporieHe. YKONMMKO PelleH3eHTH IIPefIoyKe M3MeHe VI JIONTyHe, KOTIija pelleH-
3uje ce JOCTaB/ba ayTOPY C MONIOOM JIa YHece TpaykeHe M3MeHe Y TeKCT pajia U
Jla apryMEeHTOBaHO 0OPas/IOKI CBOje Hec/arame ¢ npuMef6amMa peleHseHTa.
KonauHy ofryKy o mpyuxBaramy pajia 3a IITaMITy JJOHOCHU IJTaBHU VI OTOBOPHM
YPEIHUK.

3a o6jaB/beHe paiose ce He ucrahyje XoHopap, a ayTOpcKa Ipasa ce Ipe-
HOCe Ha u3fjaBaya. Pyxomvcu u mpunosu ce ve Bpahajy. 3a penpopykuujy mim
IIOHOBHO 00jaB/blBatbe HEKOT CeTMeHTa pajia My6/mMKoBaHor y ,,Cprickom ap-
XVBY" HEOIIXOJIHA je CAIJTACHOCT M37laBayva.

PajioBu ce mTaMmnajy Ha eHITIECKOM j€3UKY Ca KPaTKMM Cafip>KajeM Ha eH-
I7IeCKOM 1 cprickoM jesuky (hupwnia), OTHOCHO Ha CPIICKOM je3MKY, ca KpaT-
KIM Cafip)KajeM Ha CPIICKOM U €HITIECKOM je3UKY.

AyTOpyM MpyUXBarajy IOTIYHY OATOBOPHOCT 3a TAYHOCT Ie/IOKYITHOT Cajip-
aja pykomnuca. Marepujan nmy6nukaipyje IpefcTaB/ba MUAIUbEE ayToOpa I
HIIje HY)XHO 0fipa3 Mulijberba CpIICKOT leKapcKor ApyiuTsa. C 063upom Ha
6p3 HaIpeaK MeUIMHCKe HayqHe 06/1aCTH, KOPUCHULY Tpeba [ja He3aBICHO
npolewyjy nHbOpMaLujy Ipe Hero LITO je KOPUCTE UK Ce Ha Y 0C/Iabajy.
CpIIcKo JTeKapCKo APYLITBO, ypeaHuk uin Ypehusauku ogbop ,,Cprckor ap-
XVBa 32 L[e/IOKYITHO IEKapCTBO He IPMUXBATajy 611710 KAaKBY OATOBOPHOCT 32
HaBOJie y pajioByuMa. PekmaMun matepujai Tpeba fja 6yzie y CKIafy ¢ e TM9KUM
(MemMIIMHCKMM) ¥ TIPAaBHUM CTaHAAapAMUMa. PekTaMHI MaTepuja yK/bydeH y
0Baj 9acOMIC He TAPAHTYje KBATUTET WM BPEJHOCT OT/IAIIEHOT TPOM3BO/A,
OJJHOCHO TBpJjHbe Ipou3Bohaua.

ITopiHeceHM PYKOIINC IIOIpa3yMeBa fia je HheroBo Iy0mKoBame of1o6puo
OJIrOBOPHI Ay TOPUTET YCTAaHOBE Y KOjOj je MCTpakuBambe 00aB/beHo. VismaBay
ce Hehe cMaTpaTu IPaBHO OrOBOPHMM Y C/Iy4ajy IOJHOLIEHa GUIO KaKBOT
3axTeBa 3a KoMiensanujy. Tpe6a fia ce HaBey CBM U3BOPM UHAHCHPaAKba Pajia.

Cpncxu apXNB 3a IETIOKYITHO TeKaPCTBO je Yacomic CPIICKOT IeKapCKOT
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SUMMARY

Introduction/Objective This study aimed to investigate the impact of multidisciplinary management led
by brain—heart health experts on the quality of life (QoL) of patients suffering from post-stroke dysphagia.
Methods A total of 194 patients with post-stroke dysphagia, treated between January 2021 and June
2024, were selected and randomly assigned to a control group (99 cases, standard care) and an observa-
tion group (95 cases, multidisciplinary management by brain-heart health experts). Both groups received
intervention for three months. The swallowing function, clinical efficacy, nutritional risk and QoL were
compared between the two groups before and after the intervention using the water-swallowing test
(WST), the Gugging Swallowing Screen (GUSS), Nutritional risk screening 2002 (NRS2002) and stroke-
specific QoL scale (SS-QOL).

Results Compared to the pre-intervention period, both the observation group and the control group
exhibited reduced WST grades, GUSS scores and NRS2002 screening risks post-intervention (p < 0.05),
with a significant increase in the SS-QOL scores (p < 0.05). Compared with the control group, the observa-
tion group demonstrated lower WST grades, GUSS scores and NRS2002 screening risks post-intervention
(p < 0.05). The clinical efficacy of the observation group was superior to that of the control group (p < 0.05),
and the SS-QOL scores in the observation group were significantly higher than those in the control
group (p < 0.05).

Conclusion Multidisciplinary management led by brain-heart health experts significantly improved swal-
lowing functions, reduced malnutrition risk and enhanced QoL in patients with post-stroke dysphagia.
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INTRODUCTION

Stroke is a prevalent detrimental condition
that often leads to long-term complications.
Subnuclear damage to the swallowing, hypo-
glossal and vagus nerves due to stroke can
lead to true bulbar palsy, while bilateral cor-
ticobulbar tract damage can result in pseudo-
bulbar palsy. These conditions impair voluntary
tongue movements, reduce muscular coordina-
tion and contribute to dysphagia [1]. Surveys
suggest a complication incidence rate oscillat-
ing between 28% and 67% [2]. This range is
influenced by differences in study populations,
assessment methods, and dysphagia screening
times. Nonetheless, it highlights the significant
burden of dysphagia after stroke and highlights
the importance of early identification and
targeted management to prevent associated
complications such as aspiration pneumonia,
malnutrition, and prolonged hospitalization.
Dysfunctional swallowing predisposes patients
to malnutrition, electrolyte imbalances, psycho-
logical disorders and other health issues, there-
by impeding recovery from cerebral injury and
diminishing quality of life (QOL). Moreover,
the risk of aspiration during mealtimes can lead

to life-threatening conditions such as aspiration
pneumonia and choking [3]. Consequently, in
clinical practice, expedited restoration of swal-
lowing functionality constitutes a cornerstone
of rehabilitative care. Predominant therapeutic
modalities include respiratory function train-
ing, electrical stimulation, central stimulation,
swallowing function training and acupuncture
therapy. However, these singular rehabilitation
treatments are susceptible to external factors,
potentially leading to suboptimal patient com-
pliance and outcomes. To meet these chal-
lenges, there is an increasing shift to a mul-
tidisciplinary management model, moving
away from the traditional, experience-guided,
personalized approach. The model emphasizes
collaborative decision-making between profes-
sionals from different disciplines who integrate
their expertise to design individualized and ev-
idence-based intervention plans based on each
patient’s clinical situation [4]. Recent studies
highlighted the pivotal role of multidisciplinary
collaboration (involving a multidisciplinary
diagnosis and treatment pattern) in the reha-
bilitation process of patients who experienced
stroke [5, 6]. Consensus among experts advo-
cates for a multidisciplinary team approach to
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dysphagia management, with brain-heart health experts
emerging as pivotal figures responsible for comprehen-
sive patient evaluations, health management and profes-
sional follow-ups [7]. They are professionally trained and
evaluated in multidisciplinary theoretical knowledge and
communication skills, possessing extensive medical knowl-
edge and practical experience [8]. Numerous studies have
shown that the involvement of brain-heart health experts
in the rehabilitation process can effectively enhance patient
recovery outcomes [9, 10]. This study endeavors to investi-
gate the effects of multidisciplinary management involving
brain-heart health experts on the rehabilitation of patients
with post-stroke dysphagia. The aim of this examination
was to identify an effective management model to provide
a reference for guiding the clinical practice of rehabilitation
treatment for patients with post-stroke dysphagia.

METHODS
Study participants

A cohort of 213 newly diagnosed patients with stroke-
dysphagia, treated in the Department of Neurology at the
First Affiliated Hospital of Anhui University of Science
and Technology between January 2021 and June 2024,
were selected as the study participants. They were divided
into an observation group (103 cases) and a control group
(110 cases). After accounting for dropouts (five cases) and
deaths (three cases) in the observation group, and drop-
outs (three cases) and deaths (eight cases) in the control
group, 95 cases in the observation group and 99 cases in
the control group were ultimately included in the statistical
analysis. The inclusion criteria were as follows:

(1) patients experiencing their first stroke episode, with
diagnoses corroborated by head magnetic resonance imag-
ing or computed tomography scans, aligning with estab-
lished stroke diagnostic criteria [11];

(2) patients with the manifestation of dysphagia, as evi-
denced by a water-swallowing test (WST) grade of III or
higher [12];

(3) patients who demonstrated an ability to cooperate
well;

(4) patients who voluntarily consented to participate
in the study.

The exclusion criteria were as follows:

(1) patients with severe cardiac, renal, or hepatic dys-
function;

(2) patients with moderate to severe cognitive impair-
ments or psychiatric conditions that precluded cooperative;

(3) patients in a comatose state.

All participants were randomly divided into an observa-
tion group and a control group using a random number
table method. Based on their admission sequence num-
ber, each participant was assigned a three-digit number
from a pre-set random number table. Patients with an odd
number were placed in the observation group, while those
with an even number were placed in the control group.
The control group followed the rehabilitation management
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methods outlined in the Chinese Guidelines for Dysphagia
Rehabilitation Management (2023) [13]. Conversely, the
observation group received multidisciplinary management
led by brain-heart health experts, who collaborated to de-
velop treatment and care plans.

Specific strategies: team formation

The multidisciplinary team included: a deputy director
of the nursing department with extensive clinical nursing
experience as the team leader; the head of the neurology
department and the head nurse from the neurology ward
as deputy leaders; and members comprising a neurolo-
gist, a charge nurse, a rehabilitation therapist, a dietitian, a
psychological counsellor, and a brain-heart health expert.

Division of labor

(1) The team leader managed the multidisciplinary team
and coordinated communication between specialities.

(2) The deputy leaders were responsible for establishing
team working protocols to ensure the adoption of optimal
rehabilitation measures for patients.

(3) The neurologist was tasked with interpreting the
Chinese Guidelines for Early Rehabilitation Treatment of
Stroke, conducting examinations and providing guidance
for nursing care.

(4) The charge nurse was responsible for recognizing
aspiration risk, monitoring patient progress and psycho-
logical state and implementing health education.

(5) The rehabilitation therapist conducted swallowing
function screenings, assessed patients’ swallowing func-
tions, established swallowing function training programs,
and initiated rehabilitation interventions.

(6) The dietitian conducted comprehensive nutritional
assessments of patients and developed and adjusted nutri-
tional plans based on individual nutritional needs to ensure
adequate nutrient intake.

(7) The psychological counsellor was responsible for
assessing and intervening in patients’ psychological states.

(8) The brain-heart health expert was tasked with the
comprehensive assessment, health management, and pro-
fessional follow-up of inpatients and outpatients.

Implementation of multidisciplinary management
interventions led by brain-heart health experts

A multidisciplinary management communication plat-
form was established and spearheaded by the team leader
through the creation of a “Multidisciplinary management
team” WeChat group. Specific intervention measures based
on the information platform included:

1) Nutritional risk screening: Brain-heart health experts
assisted dietitians in conducting nutritional risk screenings
using the Nutritional risk screening 2002 (NRS2002) tool
[14] to assess patients’ nutritional status.

2) Swallowing function training [15]: included exercises
for lip, cheek, and tongue movements. Pharyngeal stimu-
lation involved using an ice cotton swab to stimulate the
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palatoglossal arch, the base of the tongue and the posterior
pharyngeal wall, and instructing patients to perform dry
swallowing actions to help stimulate pharyngeal muscles.
Each session lasted five minutes and was conducted three
times daily.

3) Health education: Focused health education sessions
were held weekly, with brain-heart health experts respon-
sible for notifying team members to prepare PowerPoint
presentations in advance. The multidisciplinary team or-
ganized and ensured active participation by patients with
stroke-dysphagia and their families.

4) Psychological care: Psychological counsellors dynam-
ically assessed patients’ psychological states and promptly
communicated any psychological issues to psychiatrists.

5) Rehabilitation follow-up: a follow-up database
for discharged patients was established and a follow-up
WeChat group was created; weekly phone calls were con-
ducted with patients for continuous rehabilitation guidance
and ensured via the implementation of a three-month in-
person follow-up process.

Evaluation indicators

The patients in both groups were assessed before the inter-
vention and three months after discharge using the follow-
ing indicators. Follow-up at three months was conducted
via on-site outpatient visits, where members of the multi-
disciplinary management team evaluated clinical efficacy,
swallowing function, nutritional status, and QoL using
questionnaires or on-site examinations. The findings were
subsequently reviewed and validated by the team leader
and deputy leader.

WST: utilizing the WST for grading, patients initially
consumed 1-3 tablespoons of water [12]. If no abnor-
malities were observed, they proceeded to drink 30 mL
of water, with the duration of drinking being recorded
to observe the condition of drinking and the presence of
coughing or choking. The test consisted of five grades,
Grade I: normal, i.e., drinking in one gulp within five sec-
onds without coughing or choking; Grade II: suspected
swallowing disorder, i.e., taking more than five seconds
to drink in one gulp or needing more than two attempts
without coughing or choking; Grade III: able to drink in
one gulp but with coughing or choking; Grade I'V: need-
ing more than two attempts with coughing or choking;
Grade V: frequent coughing or choking, unable to finish
drinking. Grades III to V were considered to include swal-
lowing disorders.

Clinical efficacy: markedly effective — a two-grade im-
provement in the WST compared to before the interven-
tion; improved - a one-grade improvement compared to
before the intervention; ineffective — no improvement in
the WST results. The overall response rate (ORR) was cal-
culated by comparing the efficacy between the two groups
as ORR = (significant effect + improved) / total number
of cases x 100%.

Swallowing function: the Standardized Swallowing
Assessment [16] was utilized to evaluate patients’ swallow-
ing function before and after the intervention and included
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a clinical examination, water drinking test and normal eat-
ing assessment, with a total score of 18-46 points. The
score was inversely related to swallowing function.

Nutritional status of patients: The NRS2002 tool [17]
was employed to screen patients for nutritional risk and
covered nutritional status, disease severity and age. A score
of 3 or above indicated a risk of malnutrition.

QoL: The stroke-specific QoL scale (SS-QOL) [18] was
used for the assessment of 12 dimensions including family
roles, cognition, mobility, and self-care, with 49 items and
a total score of 49-245 points. A higher score indicated a
better QoL.

Statistical analysis

All data were statistically analyzed using the IBM SPSS
Statistics for Windows, Version 25.0. (IBM Corp., Armonk,
NY, USA). Quantitative data were described as mean +
standard deviation (% + s), and differences between the
two groups were compared using a t-test. Categorical data
were described as rates (%), and between-group compari-
sons were made using the x” test with a significance level
of o = 0.05.

Ethics approval: This study was conducted in accor-
dance with the Declaration of Helsinki and approved
by the Medical Ethics Committee of The First Affiliated
Hospital of Anhui University of Science and Technology.

RESULTS

Comparison of baseline data between the two
groups

A cohort of 213 patients was recruited according to the in-
clusion criteria and randomly divided into an observation
group (103 cases) and a control group (110 cases). After a
three-month follow-up, 95 cases in the observation group
and 99 cases in the control group were included. The com-
parison of baseline data between the two groups showed
no significant differences in demographic characteristics,
stroke type, and average hospital stay (p > 0.05), indicating
comparability between the groups (Table 1).

Comparison of WST grades between the two
groups

WST scores were significantly improved in both groups
after the intervention (p < 0.05), and greater improvements
were observed in the observation group, particularly in
terms of a reduction in severe dysphagia (Grade V) and an
increase in normal swallowing function (Grade I) (Table 2).

Comparison of clinical efficacy between the two
groups

The ORR in the observation group (92.63%) was signifi-
cantly higher than in the control group (66.67%), with a
statistically significant difference (p < 0.05).
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Table 1. Comparison of baseline data between the two groups

. Observation | Control Group
Group (n =95) (n=99) P

Age* 71.11+11.56 | 73.21£11.08 | 0.196
Gender®
Male 56 (58.95) 61(61.62)

0.704
Female 39 (41.05) 38 (38.38)
Stroke Type®
Ischemic Stroke 80 (84.21) 80 (80.81) 0533
Hemorrhagic Stroke 15 (15.79) 19 (19.19) ’
Average Hospital Stay® 14.16 £6.37 14.62+7 0.634

"data are presented in years with mean value and standard deviation;
~data are presented as u number of patients with percentage in brackets;
°data are presented in days with mean value and standard deviation

Table 2. Comparison of water-swallowing test grades before and after
intervention

— = = = >
[%} () [ () (] (]
Parameters e S e e ° ° p
S| &6 | 6| 6| 6| G
Observation Group
Before 95 1 1 27 27 29
< 0.001
After 95 36 28 25 3 3
Control Group
Before 99 2 10 27 29 31
< 0.001
After 29 25 30 21 12 11

Table 3. Comparison of Swallowing Function Scores (SFS) before and
after intervention

Parameters el SFS p
Cases
Observation Group
Before 95 31.53+6.31
< 0.001
After 95 23.33 £4.60
Control group
Before 99 29.49 £ 7.06
<0.001
After 99 20.83 +£3.78

Table 4. Comparison of Nutritional Risk Screening 2002 before and
after treatment

Grou Cases Risk of Without the risk of
P malnutrition malnutrition P
Observation Group
Before 95 82 13
<0.001
After 95 47 48
Control Group
Before 99 84 15
<0.001
After 99 55 44

Table 5. Comparison of stroke-specific quality of life scale (SS-QOL)
scores before and after treatment

Group Cases SS-QOL Scores p
Observation Group
Before 95 128.75 +38.17

<0.001
After 95 170.83 £35.61
Control Group
Before 99 124.96 + 38.83

<0.001
After 29 159.77 £26.09
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Comparison of swallowing function between the
two groups

The swallowing function score showed a significant
improvement in both groups after the intervention
(p < 0.001), and a greater reduction was observed in the
observation group, suggesting that swallowing function
enhancement was more effective (Table 3).

Comparison of NRS2002 results between the two
groups

NRS2002 risk screening showed a significant reduction
in the risk of malnutrition in both groups after the inter-
vention (p < 0.05), with a more significant improvement
in the observation group compared to the control group.
(Table 4).

Comparison of QoL between the two groups

SS-QOL scores showed a significant improvement
(p < 0.001) in both groups after the intervention, with a
greater increase in the observation group compared to the
control group, indicating an improved QoL after the in-
tervention (Table 5).

DISCUSSION

The Chinese Stroke Dysphagia and Nutritional Management
Manual (2019) underscores that the management of post-
stroke dysphagia is a clinical management process involv-
ing multidisciplinary collaboration [19]. Management
teams involving brain-heart health experts conduct com-
prehensive assessments primarily based on patient needs
and risk factors and provide patients with high-quality,
professional, and comprehensive management, thereby
improving patient outcomes. Furthermore, these teams
significantly contribute to enhancing the compliance of
patients with stroke concerning medical advice and health
education [20, 21].

The results of the present study indicate that multi-
disciplinary management involving brain-heart health
experts significantly improved the clinical efficacy, swal-
lowing function, nutritional status and QoL of patients
with post-stroke dysphagia compared to the control group.
Stroke and its complications require a lengthy rehabili-
tation process. Brain-heart health experts play an active
and affirmative role in improving the awareness of pa-
tients with stroke and high-risk populations’ awareness
of the disease and treatment compliance through effec-
tive health management and follow-up [22]. Within the
team, they are instrumental in conducting comprehensive
assessments, health management and professional follow-
ups for both in-hospital and out-hospital patients with
stroke. Implementing multidisciplinary management for
dysphagia ensures the continuous professional manage-
ment of patients and timely assessment and adjustment
of rehabilitation treatment plans, where it acts as a bridge
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between in-hospital and out-hospital care to ensure effec-
tive rehabilitation treatment for patients.

The results of this study are consistent with multiple
studies and demonstrate unique advantages. Chen et al. [6]
proposed that the multidisciplinary collaboration model
could effectively improve the recovery rate of swallowing
function, however, their model lacked a clearly defined
core coordinator, which may have limited team collabora-
tion efficiency. In contrast, the present study introduced
a management model led by brain-heart health experts,
which improved the communication efficiency between
various disciplines and realized continuous management
from hospitalization to discharge and significantly im-
proved clinical efficacy. Wang et al. [9] showed that the
intervention of brain-heart health experts through mobile
health platforms could improve patient treatment com-
pliance. In our study, the model was further applied to
the field of swallowing function rehabilitation, combined
with nutritional support, psychological care and family
participation, and the results for the observation group
were better than the control group in terms of swallowing
function score, nutritional status and QoL, indicating that
this management model has high promotional value. In ad-
dition, the community-based group rehabilitation program
of Yang et al. [16] demonstrated that structured rehabili-
tation could help improve patients’ QoL. Accordingly, a
digital follow-up system (via the WeChat platform) was
included in this study to enhance the continuity and oper-
ability of the intervention, thereby enabling patients to still
receive professional guidance after discharge and ensure
the stability of rehabilitation effects. In summary, this study
followed a more systematic and practical approach than
previous studies in terms of integrating multidisciplinary
resources, strengthening the role of experts and optimiz-
ing the use of assessment tools, which provides new ideas
and a practical path for the standardized management and
rehabilitation of post-stroke dysphagia.

Patients with stroke, hindered by partial brain tissue
damage, encounter restrictions in self-care, language capa-
bilities, and social participation. The condition’s slow and
prolonged rehabilitation process and sequelae can easily
trigger mental afflictions. Patients with stroke-induced
dysphagia experience swallowing dysfunction, leading to
aspiration, coughing, and even pulmonary infection under
adverse psychological and physiological states, which can
lead to malnutrition. Brain-heart health experts can imple-
ment systematic, standardized, and stratified follow-up
management, covering physical, psychological, and med-
ication-related aspects to tailor the timing and content of
follow-up according to each patient’s condition [21, 23].
By establishing a robust communication relationship with
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patients that focuses on their psychological frame of mind
and providing necessary socio-psychological support,
brain-heart health experts can significantly alleviate ad-
verse psychological emotions such as anxiety and depres-
sion among patients with stroke and improve outcomes
while also addressing nutritional issues and enhancing
patients’ QoL [20].

CONCLUSION

In conclusion, multidisciplinary management involving
brain-heart health experts integrate multidisciplinary
resources, personnel, and professional knowledge and
applies them to the clinical care of patients with stroke
and dysphagia. This enhances the accuracy and specific-
ity of rehabilitation measures, ensuring timely and ef-
fective treatment of the condition, and providing social
and psychological support. This approach exerts a more
pronounced ameliorative effect on patients’ dysphagia, en-
hances clinical efficacy, diminishes the risk of nutritional
malnutrition, and improves patients’ QoL, demonstrating
substantial value for clinical implementation.

This study is not without its limitations. Being a single-
centre study with a relatively small cohort size, the findings
are susceptible to bias, potentially curtailing the universal-
ity and applicability of the conclusions. Moreover, the short
follow-up time and the small number of follow-up visits
preclude a comprehensive evaluation of patients’ recovery
process and long-term outcomes, including an absence
of statistical analysis on the recurrence rates of stroke. To
address these shortcomings, future studies should aim to
conduct more rigorous multi-centre, large-sample studies
and provide references for the rehabilitation treatment of
patients with stroke-induced dysphagia through extended
follow-up periods.
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MynTuaucuMnaAHapHu npuctyn 6onecHUUMMa ca gucdarujom nocie MoxaaHor
yAapa pagu nobo/bliarba ryTakba U KBa/JIMTETA XKMBOTA

by Gjy', CjaHrcja PoHr', JeH laH', Tao Bej', Cjydanr Llanr!, Hunrhunr Jby', Husr Llanr!, LiunuH Banr?

'YHuBep3uTeT HayKe 1 TexHonoruje AHxyja, lMpBa npuapyxeHa 6onHnua, Operetbe 3a Hery, XyajHaH, KiHa;
“MeguumHcka rpyna Cunxya y XyajHaHy, BonHuua CuHxya, Onerbetbe MeguUmMHCKe ncuxonorje, XyajHaH, KuHa

CAXETAK

Yeop/LUnm OBa cTyanja nmana je 3a Unb Aa UCTPaxu yTuLaj
MYATUAUCLMMIMHAPHOT NPUCTYNA KOjIM PYKOBOAE CTPYYHbaLM
3a 3ipaBJbe MO3ra 1 CpLia Ha KBaNINTeT X1BoTa 60necHKa Koju
nate of Aucdarvje nocae MoXxaaHor yaapa.

MeTtoge YkynHo 194 6onecHuKa ca gucharnjom nocie Moxzia-
HOT yfapa, neyeHunx og jaHyapa 2021. go jyHa 2024. roguHe,
HacymMnuHo cy pacrnopeheHa y KOHTponHy rpymy (99 cnyuaje-
Ba, CTaHAApAHa Hera) 1 rpyny 3a nocmatpame (95 cnyvajesa,
MYITUAVCLMMIVHAPHN MPUCTYN CTPYyYtbaka 3a 3ApaB/be MO3ra
n cpua). Obe rpyne 6une cy NoABpryyTe TPOMECEUHO] UHTEP-
BeHUMju. OyHKLUMja ryTamba, KNHUYKa epuKacHOCT, HyTPUTUBHA
pU3VK 1 KBanuTeT X1BoTa yrnopeheru cy namehy rpyna npe u
nocne nHTepBeHuuje Kopuwhermem Tecta rytarba Boae (WST),
[YruHr CKpWHWHTa 3a MpoLeHy ryTarba (GUSS), cKpyHMHra Hy-
TputBHOT pu3unka 2002 (HPC2002) 1 ckane KBanuTeTa XXMBOTa
cneundryHe 3a moxaaHu yaap (SS-QOL).

Pesyntatu Y nopehetby ca nepmoaom npe MHTEPBEHLM]jE, 1
nocmaTpayka 1 KOHTPO/Ha rpyna nokasane cy cMakbetbe Bpef-

DOI: https://doi.org/10.2298/SARH241122043X

HocTu y TectoBrMa WST, GUSS n HPC2002 nocne nHTepBeHuyje
(p < 0,05), y3 3HauajHO noBehare pe3ynTtaTa Ha ckanu SS-QOL
(p < 0,05). Y nopehety ca KOHTPOMHOM rpPynoMm, NocMaTpaHa
rpyna je mokasana Huxe BpegaHOCTU pe3ynTaTta TectoBa WST,
GUSS n HPC2002 nocne uHtepeeHuuje (p < 0,05). KnuHnuka
edUKacHOCT mocmaTpaHe rpyne 6vna je 3HayajHo Beha y opgHocy
Ha KOHTponHy rpyny (p < 0,05), a pesyntatn SS-QOL y nocma-
TpaHoj rpynu 6unu cy 3Ha4ajHoO BULLW Of, OHUX Y KOHTPOJHO]
rpynu (p < 0,05).

3akpyyak MyntmancunniIMHapHm Npuctyn nog BohHcreom
CTpyyYHaka 3a 3apaB/be Mo3ra 1 cpLia 3HayajHo je nobosbluao
bYHKUWjy ryTarba, CMab1o prU3nK Of HEYXpakbeHOCTU U YHa-
Npeavo KBanmTeT XMBOTa Kof 6onecHUKa ca gncdarujom nocne
MOX[aHor yaapa.

KmbyuHe peun: ancdarunja; MoxaaHu yaap; CTpyyraumy 3a
34paB/be MO3ra 1 CpLa; MyNTUANCUUNANHAPHA Hera; KBanuTeT
XKMBOTa
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SUMMARY

Introduction/Objective Inflammatory bowel disease (IBD) is often diagnosed during patients’ sexually
active years, and factors like disease severity, treatment, and surgery may impact sexual function. This
study aimed to assess the sexual quality of life in IBD patients.

Methods Patients with IBD and control groups (n = 45) were prospectively included in this study. Demo-
graphic data of patients and duration of illness, laboratory and endoscopic data, and treatment informa-
tion were recorded. Participants completed the Patient-Reported Outcomes Measurement Information
System (PROMIS) Sexual Activity Index.

Results In total, 103 patients were included (41 patients with ulcerative colitis and 17 patients with
Crohn’s disease). The mean age of patients with IBD was 34.26 + 10.1 years, while the control group
had a mean age of 32.93 £ 10.5 years (p = 0.518). The mean total PROMIS was found to be lower in the
patient group (men: 29.8 + 7.4; women: 28.1 + 7.7) than in the control group (men: 38.5 + 5.4; women:
34.8 + 11.6), but the difference was statistically significant only in men (p < 0.001). The median value of
the Sexual Life Quality Index was found to be lower in the patient group [men: 3 (1-5); women: 3 (1-4)]
than in the control group [men: 5 (3-5); women: 4 (1-5)]. The low Sexual Life Quality Index difference
was significant in both men (p < 0.001) and women (p = 0.042).

Conclusion IBD patients showed lower sexual quality of life compared to the general population. Assess-

ing sexual well-being alongside disease activity may positively impact disease management.
Keywords: inflammatory bowel disease; PROMIS; sexual dysfunction

INTRODUCTION

The term “sexual function” refers to the ability
to complete the sexual cycle — sexual interest,
arousal, orgasm, resolution, and satisfaction -
after a sexual stimulus (tactile, visual, olfactory,
etc.) without any limitations (e.g., physical,
psychological, or psychosocial). Many physi-
ological, psychosocial, and sociocultural fac-
tors influence sexual function. A problem in
any of these factors limits sexual function in
the person [1].

Inflammatory bowel disease (IBD) pre-
dominantly affects individuals of young and
reproductive age. Consequently, factors such as
disease type, disease activity, and medications
administered may negatively impact sexual
quality of life. Therefore, treatment should be
personalized based on disease activity and indi-
vidual clinical conditions, in consultation with
physicians [2-5].

IBD can alter patients’ physical appearance
— and their perception of it — through fistu-
lae, ostomies, and surgical scars [6]. Distorted
body image is present in seventy percent of
patients with IBD and has been shown to af-
fect women more than men (75% vs. 51%) [7,
8]. Female patients with Crohn’s disease (CD)
state that they avoid sexual activity owing to

fear of abdominal pain, diarrhea, and fecal in-
continence [9]. Although sexual dysfunction
and distorted body perception are common in
patients with IBD, these issues are rarely dis-
cussed by clinicians and patients [10].

Given the sociocultural characteristics of the
region, this study aimed to evaluate sexual dys-
function among patients with IBD - a topic of-
ten overlooked because it is seldom addressed.
The purpose of this study is to enhance patient
support, improve disease management, raise
physician awareness, and contribute meaning-
fully to the medical literature.

METHODS

Fifty-eight patients diagnosed with IBD in the
Gastroenterology Clinic of the Dicle University
Faculty of Medicine between 2009 and 2020
and 45 healthy controls with matching demo-
graphic characteristics were included.

Sexually active patients aged 18 — 65 years
with an endoscopic and histopathological diag-
nosis of IBD were included. Exclusion criteria
were as follows:

« receipt of medications other than standard

IBD therapy that could affect sexual life;
« prior surgical intervention for IBD; and
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o current treatment for sexual dysfunction.

Remission in IBD, including CD and ulcerative colitis
(UC), was evaluated using the following criteria:

o Clinical remission: CD = Crohn’s Disease Activity
Index (CDAI) < 150; UC = Mayo score < 2 with no
sub-score > 1.

o Biochemical remission: normalization of inflamma-
tory biomarkers, such as C-reactive protein (CRP) and
fecal calprotectin.

« Endoscopic remission: absence of visible inflamma-
tion on endoscopy, indicating mucosal healing.

« Histologic remission: lack of microscopic inflamma-
tion in biopsies, indicating deep-tissue healing [11].

Demographic and clinical data were recorded, including
age, socio-economic status, education level, marital status,
disease duration, total protein, albumin, white-blood-cell
count, hemoglobin, CRP, site of endoscopic involve-
ment, clinical activity status, medications used, and type
of treatment (local or systemic). The Turkish version of
the internationally validated Patient-Reported Outcomes
Measurement Information System (PROMIS) question-
naire was administered to patients and controls (Tables 1
and 2). Lower scores indicate dissatisfaction with sexual
life, whereas higher scores reflect greater satisfaction.

For men, the score range is 8 — 45: 8-13 very low, 14-20
low, 21-33 medium, 34-39 high, 40-45 very high.

For women, the score range is 10 — 53: 10-17 very low,
18-25 low, 26-36 medium, 37-44 high, 45-53 very high.
In questions 3-7, the more sexual complaints patients have,
the fewer points they receive.

Statistics

The research was conducted prospectively, and the data ob-
tained were cross-sectional in two groups. The survey was
administered, and survey scores — total score and sexual-life
indices - were evaluated with the one-sample Kolmogorov-
Smirnov test, Student’s t-test, and Mann-Whitney U test.
Normality of the data was tested with the one-sample
Kolmogorov-Smirnov test. Values with non-normal dis-
tribution were evaluated with the Mann-Whitney U test,
and those with normal distribution were evaluated with the
Student’s t-test. Parametric values were expressed as mean
* SD, and non-parametric values were expressed as me-
dian (min-max). Yates’ correction and Pearson’s y* test were
used to analyze cross-tabulations. Student’s t-test was used
to compare normally distributed data of the patient and
control groups, and the Mann-Whitney U test was used to
compare non-normally distributed data. A value of p < 0.05
was considered statistically significant. Statistical analyses
were performed using PASW for Windows, Version 18.0
(SPSS Inc., Chicago, IL, USA).

Ethics: The protocol was approved by the Dicle
University Faculty of Medicine Clinical Research Ethics
Committee (16 July 2020; No. 132, Annex 4).
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Table 1. PROMIS survey questions and scoring addressed to male
participants

e e Questions Points
number
1 To what extent is your desire for sexual activity 1-a
present?
2 How often do you want to have sex? 1-5
3 Difficulty getting an erection [hardening] when 1-6

you want during sexual activity?

How difficult is it for you to maintain an
4 erection [hardening] whenever you want 1-6
during sexual activity?

How would you describe your ability/grade to

> be erect? 1-5

6 How would you rate your ability to have a 1-6
satisfying orgasm?
How much pleasure do you get during sexual

7 L 1-6
activity?

8 How would you describe your degree of 1-6

satisfaction during sexual activity?

Table 2. PROMIS survey questions and scoring addressed to female
participants

Question

number | Questions Points

1 To what extent is your desire for sexual activity 1-5
present?

2 How often do you want to have sex? 1-5
How often have you been lubricated during

3 R ) 1-6
sexual intercourse in the last 4 weeks?

4 When you want to be lubricated [wet]; How 1-5
often do you experience difficulties?
How would you describe your vaginal

5 discomfort during sexual activity? [1: high -5: 1-5
low]

5 How often do you have problems with sexual 1-5
activity due to vaginal pain and/or discomfort?

7 How often do you have to stop your sexual 1-5
activity due to vaginal pain and discomfort?

8 How would you rate your ability to have a 1-5
satisfying orgasm?
How much pleasure do you get during sexual

9 - 1-6
activity?
How would you describe your degree of

10 . ) } - 1-6
satisfaction during sexual activity?

RESULTS

A total of 58 patients, 41 with UC and 17 with CD, were
included in this study. Forty-two (63.4%) of these patients
were male and 16 (27.6%) were female. In the control
group, 25 (55.6%) were male and 20 (44.4%) were female.
The mean age of patients with IBD was 34.26 + 10.1 years,
while the control group had a mean age of 32.93 + 10.5
years. There was no statistically significant difference be-
tween the patient and control groups for either sex distri-
bution (p = 0.075) or mean age (p = 0.518).

The duration of disease in patients with UC was
70.6 + 42.5 months, and in patients with CD it was
52 * 33.5 months (p = 0.112). When the patients were
examined in terms of clinical and endoscopic activ-
ity/remission, 37 were in remission, 63.8% (UC = 23,
39.7%; CD = 14, 24.1%), 20 were active, 34.5% (UC = 18;
CD = 2), and one patient (1.7%) had newly diagnosed CD.
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Sexual dysfunction in patients with inflammatory bowel disease

Table 3. Data of patients with ulcerative colitis and Crohn’s disease

Individual scores, total scores, and

Table 4. Male PROMIS survey scores and sexual life quality index results

Question number Patients Control p

1* 4[1-5] 5[3-5] <0.05

2* 3[2-5] 4[3-5] <0.05

3* 4[1-5] 6 [1-6] <0.001

4% 4[1-5] 6[1-6] <0.001

5% 3[2-5] 4 [4-6] 0.067

6* 4[1-6] 5 [4-6] 0.009

7 5[1-6] 6 [4-6] <0.001

8* 3[1-5] 5 [4-6] <0.001

Total scores** 298+74 385+54 <0.001
Sexual Life Quality Index* 3[1-5] 5[3-5] <0.001

*Mann-Whitney test;
**Student’s t-test

Table 5. Women's PROMIS survey scores and sexual life quality index
results

Question number Patients Control p

1* 2.5[1-4] 4[1-5] <0.05

2% 2[1-3] 3[1-5] <0.05

3% 3[1-6] 4[1-6] 0.727

4xx 34+03 35+03 0.892

5** 23+0.2 33+03 <0.05

6* 3.5[1-5] 4[1-5] 0.912

7** 34+03 33+03 0.794
8% 3[2-4] 4[2-5] < 0.001
9* 3[1-4] 4.5[1-6] < 0.001

10** 3.1+03 3.8+03 0.191

Total scores** 281+7.7 |348+11.6 0.060
Sexual Life Quality Index* 3[1-4] 4[1-5] <0.05

*Mann-Whitney test;
**Student’s t-test

Disease-activity rates were significantly higher in patients
with ulcerative colitis (p = 0.026) (Table 3).

The individual scores, total scores, and Sexual-Life-
Quality Index (SLQI) values for the male patient and
control groups are shown in Table 4. The PROMIS total
score was statistically significantly lower in male patients
(29.8 + 7.4) than in male controls (38.5 + 5.4) (p < 0.001).
In addition, the SLQI based on this total score was 3 (1-5)
in male patients and 5 (3-5) in male controls, which was
also statistically significantly lower (p < 0.001).
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Patient data Ulcerative colitis Crohn'’s disease p SLQI values for the female patient and
Number of patients 41 17 >0.05| control groups are shown in Table 5.
Female 13 Female 3 Although the PROMIS total score was
Sex . .
Male 28 Male 14 lower in female patients (28.1 + 7.7)
Diagnosi;ltjime 706 4 42.5 52133, 0112 tban in female controls ('34..8 + 11.§), ‘.th.e
(mean +SD) difference was not statistically signifi-
- 8 lleal (L1) 9 (15%)
Proctitis (E1) (138%) | ileo-colonic (L2) | 2 (3.4%) cant (p > 0.05). The SFQI based or? the
o - total score was 3 (1-4) in female patients
Localization Left colon (E 22 Isolated colonic o . .
eftcolon (£2) | 37 g9 (L3) 2(3.4%) and 4 (1-5) in female controls, and this
Extensive | 11(19%) | Fistulized (p) | 4 (29.3%) difference was statistically significant
. N: 18 . N:3 (p=0.042).
. N Active (31%) Active (5.2%)
Disease activity 0.026
Remission N: 23 Remission N:14
(39.7%) (24.1%) DISCUSSION

Our aim in this study was to investigate
regional epidemiological data on the SLQI in male and
female patients with IBD. The relationship and frequency
of IBD-related SLQI, male erectile dysfunction, and fe-
male sexual dysfunction, which have a wide place in the
medical literature, were investigated in individuals with
IBD followed in our clinic. IBD is a disease that generally
affects both sexes equally and has serious negative effects
on quality of life [12]. It generally has a negative impact on
physical appearance and self-perception owing to fistulae,
surgical scars, and ostomy operations. However, symptoms
such as abdominal pain, diarrhea, and fecal incontinence
also have negative effects on sexuality and body image.

IBD is a disease that is generally more common in
young adults, and sexual dysfunction may negatively affect
this group more than expected [13, 14]. To our knowledge,
there is no study investigating the quality of sexual life
in patients with IBD in our region. The main aim of this
study was to assess the sexual-life quality of patients using
a validated survey and contribute to the literature.

Sexual dysfunction is a complex biological, psychologi-
cal, and social process. Physiologically, it involves many
body systems, especially the neurological, vascular, and
endocrine systems [15]. Sexual dysfunction seen in IBD
has both psychological and physiological dimensions and
these dimensions are closely intertwined. For example,
physiological conditions such as fatigue, joint pain, ab-
dominal pain, and dyspareunia can cause psychological
diseases such as depression and anxiety, and these symp-
toms can decrease with the correction of the disease by a
gastroenterologist [6]. Women with IBD are at greater risk
for vaginal infection and decreased lubrication than the
normal population. Men with IBD experience decreased
sexual function and erectile dysfunction more than those
without IBD or those with IBD in remission [16-20].

In a study conducted by Riviére et al. [21] on 358 pa-
tients with inflammatory bowel disease, 238 had CD and
120 had UC. These patient groups were compared with
normal control groups, and the rate of sexual dysfunction
in female patients with IBD was found to be higher than
in the normal population. This rate was 53.6% (women
with IBD) and 28% (control group). Male patients with
IBD were evaluated for erectile dysfunction, and the rate
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of erectile dysfunction was found to be higher than the
healthy control group. In patients with IBD, sexual dys-
function was detected in 54% of women and erectile dys-
function in 43% of men. These rates were quite high com-
pared to healthy control groups. The result of our study is
consistent with the result found by Riviére et al. [21], and
the sexual-life quality index in both groups of men and
women is lower than the control group.

In a study conducted by Marin et al. [22] on 555 pa-
tients, 355 of whom had inflammatory bowel disease and
200 of whom were healthy controls, they showed that one-
half of the women and one-third of the men had a decrease
in sexual desire and satisfaction after the diagnosis of IBD.
These patients have significantly lower sexual-function-in-
dex scores compared to the control group. Corticosteroids
and biological agents used in the treatment of the disease,
depression, and diabetes mellitus have been identified as
independent predictors of sexual dysfunction in patients
with IBD [23-26]. According to the results we obtained
in our study, when the quality of sexual life was evaluated
statistically, the quality of sexual life of the patient group
was found to be significantly lower in women and men
compared to the control group, more prominently in men
[22]. The survey we applied was more comprehensive and
included questioning erectile dysfunction in men, and ac-
cording to the results of our study, when evaluated based
on the total survey score in male and female patients, the
scores of the patient group were statistically significantly
lower than the control group.

In the multicenter study conducted by Bel et al. [27] on
168 female and 119 male inflammatory-bowel patients, no
significant difference was found in terms of sexual dys-
function compared to the normal control group. In this
study, sexual dysfunction was 54% in female patients with
IBD and 44% in the normal group. It was 25% in both
male patients and the control group. IBD patients with
active disease had impaired sexual function compared to
patients in remission and the control group. There was a
significant relationship between sexual dysfunction and
disease activity, fatigue, depressive state, and quality of life
in both male and female patients. The main characteris-
tic of the relationship between disease activity and sexual
dysfunction was depression. Patients with active IBD had
more sexual dysfunction than patients in remission and the
control group, and depression was found to be the stron-
gest determinant. In our study, the patients’ relationship
with depression was not questioned. The fact that Bel et al.
[27] did not find a significant relationship between sexual
dysfunction and IBD may be because they focused on its
relationship with depression. Again, the larger number of
patients in the study by Bel et al. [27] may have produced
different results than our study, since it was multicentric.

DOI: https://doi.org/10.2298/SARH240611045K
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As a result of this study, we showed that the total score
of the PROMIS survey was lower in the patient group of
both sexes than in the control group, although statistical
significance was reached only in men. Again, we found that
the sexual-life quality index was statistically significantly
lower in both male and female patient groups compared to
the control group. These results revealed that the quality of
sexual life was low in both male and female patients with
inflammatory bowel disease.

Although our study is the first to investigate sexual dys-
function in patients with inflammatory bowel disease in
our region, it has some limiting factors. The first is that the
number of our patients, especially women, is relatively low.
The main reason for this is that it was a study conducted
during the COVID-19 pandemic, the lower literacy rate
of women, and the fear of sexual evaluations due to the
cultural structure of the region. Defining and finalizing
the survey form for patients on the internet increases pa-
tient participation, even if it is not at the level we want.
Secondly, the quality of sexual life of the patients could not
be correlated with disease activation, medication used, and
socioeconomic level because responses were anonymous.
This situation is related to the fact that it is not possible to
see which patient filled out which survey because the study
must comply with ethical rules. Another limiting factor
was that, although a small number of our patients were
illiterate, the questionnaires were answered with the help
of the patients’ relatives, which may have caused incorrect
scoring in this group. One of the primary limitations of
this study is the relatively small sample size. Additionally,
some patients were reluctant to share detailed informa-
tion on this sensitive topic, which may have affected the
depth of the data collected. It is evident that future studies
with larger patient cohorts and well-defined control groups
will provide more comprehensive insights and contribute
significantly to the literature.

CONCLUSION

Inflammatory bowel disease is usually diagnosed at sexu-
ally active age; it is a chronic inflammatory disease with
relapses and remissions. Considering the sociocultural
structure of our region, during routine follow-up of IBD
patients the quality of sexual life — which seriously affects
overall quality of life — should be assessed proactively,
without waiting for the patient to raise the issue, and the
necessary support should be provided to maintain both
psychological and physiological well-being.

Conflict of interest: None declared.
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CekcyanHa gucdyHkumja Kog 60necHMKa ca 3ana/beHckom 6onewhy ypesa

Jemapun Kapakaw Knnud', Oejsynax Yumar?, Llexat Kunny?

'"YHusep3utert, [Juune’, Kategpa 3a uHtepHy MeguuuHy, njapbakup, Typcka;
2YHneepauTet, Auine’, Kateapa 3a ractpoeHteponorujy, lnjapbakup, Typcka;
3McTpaxnBayKko-HacTaBHa 6onHuua fasm Jawaprun’, Kategpa 3a nHtepHy MeaunumHy, Qujap6akup, Typcka

CAXETAK

YBopa/LUwnm 3anabeHcka 6onect upesa (3bL) yecTto ce guja-
THOCTHIKYje TOKOM CeKCyasHO aKTUBHUX FOfiMHA, a TeXMHa 60-
NeCTy, HaUMH fleyerba Y XMPYPLLUKKM 3aXBaTh MOTY YTULIATW Ha
ceKcyanHy GyHKLMjy.

Linrs oBe cTyauje 610 je la NPOLEHY KBannTET CEKCYaHOT Xu-
BOTa Kof bonecHuKa ca 3bL.

MeTtopge Y cTyaujy cy NpoCneKTUBHO YKiby4eHW 60eCHNLM ca
3BLl n KoHTponHa rpyna (n = 45). 3abenexeHu cy gemorpadcku
nopauu, Tpajarte 6onectun, nabopaTopujckn 1 eHAOCKOMNCKM
Hanasu 1 nogauy o Tepanmju. CBY CNUTAHULM NONYHWN CY
PROMIS nHpeKc cekcyanHe akTUBHOCTY.

PesynTtatu YKynHo je ykibyyeHo 103 ncnurtanumka (41 ca yn-
Lepo3Hum KonuTrcom n 17 ca KpoHosom 6onewhy). Mpo-
ceyHa cTapocT 6onecHuKa ca 3Ll usHocuna je 34,26 + 10,1
roguHa, a KoOHTponHe rpyne 32,93 + 10,5 roguHa (p = 0,518).

DOI: https://doi.org/10.2298/SARH240611045K

Cpeptou yKynHu ckop PROMIS-a 6110 je HUxu y rpynu 6one-
CHuKa (29,8 + 7,4 Kop MylLKapaua; 28,1 + 7,7 Ko XeHa) Hero'y
KOHTponHoj rpynu (38,5 + 5,4 kop MyLKapaua; 34,8 £ 11,6 Koa
)KEHa), a CTaTUCTUYKM 3HaYajHa pa3nuka yTBpheHa je camo Kop
MyLLKapaua (p < 0,001). MegujaHa iHgekca KBanuTeTa cekcyan-
HOT >K1BOTa Takohe je 6vna Hika y rpynu 6onecHuka [3 (1-5)
Ko MyluKapaua; 3 (1-4) Kog xeHa] y nopeherby ca KOHTPOHOM
rpynom [5 (3-5) Koa mywiKkapaua; 4 (1-5) Koa »eHal. Pasnvka
je 6rna cTaTMCTYKYM 3HauajHa 1 Kog MyLuKapaua (p < 0,001) n
Kog xeHa (p < 0,042).

3akrpyuak bonecHuuum ca 3bL cy nokasanm HUXmM cekcyanHu
KBanuTET XMBOTa Y OAHOCY Ha OMLITY nonynauujy. lpoueHa cek-
CyasniHor 6narocTarba y3 akTVBHOCT 601eCTU MOXeE NO3UTUBHO
yTULLaTN Ha ynpaBssbatbe bonectuma.

KmbyuHe peun: 3anambeHcka 6onect Lupesa; PROMIS; cekcyanHa
ancdyHKumja
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SUMMARY

Introduction/Objective The main objective of this study was to investigate the effect of prolonged
exposure (4,7, 14, 21, 60 days) of rats to moderately high ambient temperature (35 £ 1°C) on the im-
munohistomorphometric parameters of pituitary somatotrophic (GH) cells.

Methods The experiment was conducted on 42 adult Wistar rats, equally divided into six experimental
groups (n = 7). Five were continuously exposed to a temperature of 35 + 1°C, while the control group was
kept at 20 + 2°C. GH cells were visualized using the peroxidase-antiperoxidase immunohistochemical
method. The morphometric analysis was conducted using the M,, multipurpose test system.

Results Rats from all experimental groups had significantly (p < 0.05) reduced body mass compared
with the control. After four and 14 days of exposure to moderate heat, the absolute pituitary weight was
significantly (p < 0.05) increased by 23.1% and 27.7%, respectively, in comparison with the control. GH
cells in all groups were oval and located near capillaries with numerous dark granules. Morphometric
analysis of cellular and nuclear volumes of GH cells in the experimental group significantly decreased
(p < 0.05) compared with the control group.

Conclusion [t can be concluded that chronic exposure of adult male rats to moderately high ambient
temperatures reduced the immunohistomorphometric parameters of GH cells.

Keywords: moderately high ambient temperature; immunohistomorphometry; somatotrophic cells; rats

INTRODUCTION

High ambient temperatures have become a sig-
nificant environmental factor in recent decades,
directly affecting all biological processes in the
body and causing numerous consequences for
the functioning of living organisms [1, 2, 3].
Due to climate change and global warming, the
impact of high temperatures on body growth,
food consumption, muscle mass growth [1],
bone mineralization, energy metabolism, and
reproduction has become an important aspect
of thermophysiology [4].

Exposure to high or low environmental tem-
peratures and continuous exposure to light or
darkness are considered environmental stress-
ors for the body [5-8]. In such conditions, a
stressogenic reaction occurs, causing the neu-
roendocrine system response and particularly
affecting the hypothalamic-pituitary axis [6,
9, 10]. Earlier studies showed that adreno-
corticotropic [6, 11], somatotropic (GH), and
mammotropic [7] cells of the pituitary gland
are most sensitive to this kind of stress reaction.

GH cells synthesize and secrete growth
hormone into the bloodstream; its release is
regulated by several circulating hormones and
metabolites [12]. The pulsatile control of GH
secretion and release into the pituitary portal
system is regulated by hypothalamic neurons
through the release of stimulatory (GHRH)
[12], or GH-inhibitory hormone, somatostatin
(SRIH) [13]. GH regulates numerous physiolog-
ical functions, including protein synthesis, cel-
lular proliferation, body growth [2, 14], neuro-
endocrine responses, behavior, and metabolism
through specific populations of neurons [15].

Current climate changes and global warm-
ing have also affected the Western Balkans
and Southeastern Europe. It is expected that
by 2035 the average annual temperature in this
region will increase by 0.5-1°C, especially dur-
ing the summer period [11]. Having in mind
that during summer all animals and humans
are subjected to longer or shorter periods of
warm climate, we hypothesized that their expo-
sure to high ambient temperatures might have
a significant impact on the morphofunctional
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characteristics of GH cells. Therefore, this study aimed to
elucidate the potential changes in the immunohistomor-
phometric characteristics of GH cells after short-term and
prolonged exposures of animals to moderately elevated
ambient temperature.

METHODS
Experimental animals and experimental design

The experiment was conducted on 2.5-month-old adult
Wistar male rats. A detailed description of the experi-
mental protocol can be found in our previous study [11].
Briefly, the experimental animals (n = 7 per group) were
continuously exposed (4, 7, 14, 21, 60 days) to moderately
high ambient temperature in a special heated chamber with
controlled air temperature (35 + 1°C) and air humidity of
30-40%, while the control group (n = 7) was kept at room
temperature (20 = 2°C). Food and water were given ad libi-
tum to all animals throughout the whole experiment. After
the sacrifice, the pituitary gland was removed, weighed,
and subjected to immunohistochemical staining for GH
cell visualization.

Immunohistochemical staining

The rat pituitary glands were fixed in 4% paraformalde-
hyde, dehydrated in ethanol, cleared in xylol, and embed-
ded in paraffin. The distal part of the glands was cut in
a series of seven horizontal 5 pm-thick sections through
three levels (superior, middle, and inferior) [11]. The im-
munohistochemical localization of pituitary GH cells was
performed using the peroxidase-antiperoxidase method.
The procedure is described in detail elsewhere [5, 9, 11].

All animal procedures were compliant with EU
Directive 2010/63/EU and approved by the Local Animal
Care Committee of the Faculty of Veterinary Medicine -
Skopje (No. 0201-4506/2 from 7.11.2011).

Stereological measurements

The cellular volume (Vc,; pm?), nuclear volume (Vn;
um?), and volume density of immunopositive GH cells
(Vv %) were determined on 5 pm-thick sections.
Measurements were made with the multipurpose test
system M on 50 test fields at x 1000 magnification, pre-
viously described in detail by Popovska-Per¢ini¢ et al. [5].
Digital recordings were made on a DM RB photomicro-
scope (Leica, Wetzlar, Germany).

Statistical analysis

The morphometric data obtained for each rat were av-
eraged per experimental group, and the standard devia-
tion (SD) was calculated. One-way analysis of variance
(ANOVA) followed by a Tukey test was used to compare
differences between the groups. A probability value of 5%
or less was considered statistically significant.

‘ DOI: https://doi.org/10.2298/SARH250515041C
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Ethics: All animal procedures were approved by the
Animal Care Committee of the Faculty of Veterinary
Medicine, University in Skopje (No. 0201-4506/2) and
followed the instructions provided in the EU Directive
2010/63/EU.

RESULTS
Body mass, absolute and relative pituitary weights

The body mass and the absolute and relative pituitary
weights are given in Table 1 and Figure 1. It was found
that the body mass in rats exposed to moderate heat for
4,7, 14, 21, and 60 consecutive days was significantly
(p < 0.05) reduced by 19.8%, 22.6%, 16.4%, 22.6%, and
37.6%, respectively, compared with the controls. After 4
and 14 days of exposure to moderate heat, the absolute
pituitary weight was significantly (p < 0.05) increased by
23.1% and 27.7%, respectively, in comparison with the
control group. The relative weight of the pituitary gland
was significantly (p < 0.05) increased by 36% only in rats
exposed to moderate ambient temperature for four days.

Immunohistochemical characteristics of GH cells

The GH cells of the control group were intensely stained,
with an oval shape and a prominent spherical nucleus lo-
cated centrally within the cell cytoplasm (Figure 2A). The

Table 1. Absolute and relative pituitary weight in animals exposed to
moderately high ambient temperature

Graits Absolute pituitary weight | Relative pituitary weight
(mg) (mg%)

Control 6.5+0.6 25+0.1

4 days 8.0 +0.4* (+23.1%) 3.4+0.3* (+36.5)

7 days 6.3+£0.5(-3.1%) 2.4 +0.2 (-4.0%)

14 days 8.3 £0.6* (+27.7%) 29+0.2 (+16%)

21 days 6.4+ 0.5 (-1.5%) 2.5+0.1(0.0%)

60 days 5.8+0.5(-10.1%) 2.6+ 0.2 (+4%)

The values are expressed as means + SD;
*p < 0.05 vs. control

*
o -
21 '—1 »
14 }_‘
&
@
[a] .
7
N
. =
o 50 100 150 200 250 300 350 400
Body mass (g)

Figure 1. Body mass in animals exposed to moderately high ambi-
ent temperature 4, 7, 14, 21, and 60 days; the values are expressed
as means + SD;

*p < 0.05 vs. control

Srp Arh Celok Lek. 2025 May-Jun;153(5-6):243-247



Immunohistomorphometric response of pituitary growth hormone-producing cells in rats to prolonged exposure to moderately elevated ambient temperature

location of GH cells was not significantly changed in the ex-
perimental groups. The shape of most cells was oval (Figure
2B-F). However, there were also some stellate cells with
noticeable cytoplasmic processes (Figure 2D). Generally,
rats exposed for a prolonged time to moderately elevated
ambient temperature had smaller GH cells containing dark-
er cytoplasmic areas throughout their cytoplasm. They were
found mostly arranged in groups (Figure 2B).

Stereological parameters

In rats exposed to moderate heat for 4, 7, 14, 21, and 60
days, the morphometric analysis of pituitary GH cells
showed a significant decrease in their volume (p < 0.05)
by 18.4%, 25.8%, 14.1%, 24.4%, and 19.1%, respectively
(Figure 3A), compared to the control. The nuclear vol-
ume of these cells was significantly reduced by 9.5%, 5.3%,
7.4%, 3.2%, and 10.6%, respectively, in comparison with
the control group (Figure 3B). The volume density of GH
cells was significantly reduced (p < 0.05) after 4, 7, and 60
days by 23.7%, 13.2%, and 15.9%, respectively, compared
with the control (Figure 3C).

DISCUSSION

Global warming is characterized by an increase in the
average annual temperatures. The Western Balkans and
Southeastern Europe have experienced prolonged periods
of high ambient temperatures during the summer months
[11, 16].

In this research, a significant decrease in body weight
was found in all groups compared with the control. The

Figure 2. Representative micrographs of immunopositive GH cells
in controls (A), in animals exposed to moderately high ambient tem-
perature 4 days (B); 7 days (C); 14 days (D); 21 days (E); and 60 days
(F); peroxidase—antiperoxidase method; bar: 16 um

Srp Arh Celok Lek. 2025 May-Jun;153(5-6):243-247

largest decrease (-37.6%) was recorded in animals that were
exposed to moderately high environmental temperatures
for 60 days. Similar results were obtained after exposure
of rats to a temperature of 35 + 1°C for 30 days [5], as well
as after acute exposure of mice to temperatures between
34-38.5°C [17]. Increased water intake and reduced food
intake are most probably the causes of body weight reduc-
tion, which was observed in rats [18] and broilers [1].

The increased absolute weight of the pituitary gland
was observed after the fourth and 14th day of exposure to
elevated ambient temperature, whereas increased values of
the relative weight were registered only after the 4th day.
A similar result was reported in earlier studies after acute
[19] and chronic [5] (30 days) exposure of rats to high
environmental temperature.

Literature data on the effects of temperature on GH cells
are very scarce. Most of them concern acute exposure, such
as studies from Vigas et al. [20], which describe the stimu-
latory effect of high temperature on GH release for several
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Figure 3. Stereological parameters of immunopositive GH cells in adult
male rats after exposure to moderately high ambient temperatures;
A) Vc-volume of cells (um3); B) Vn-volume of nuclei (um3); and C) Vvc-
volume of density (%); the values are expressed as means + SD;

*p < 0.05 vs. control
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minutes to an hour. The current study aimed to expand the
information on the properties of GH cells after prolonged
exposure to moderately high temperatures.

The stereological analysis in this study showed that the
cellular and nuclear volumes of GH cells were significantly
reduced compared with the control. These results indicate
a decreased activity of somatotropic cells during the en-
tire heat exposure period. A decrease in the stereological
parameters of GH cells was also observed after 30 days
of exposure to moderately high temperatures [5], which
is in agreement with our results. The inhibitory effect of
GH secretion and reduced blood GH concentration were
noticed after acute and chronic stress [21], as well as dur-
ing short-term acclimation to high temperatures [22]. This
can be explained by the increased secretion of SRIH from
the hypothalamus, which serves as a suppressor of GH
hormone release [21].

Trifunovic et al. [22] and Nestorovi¢ et al. [7] reported
similar findings after chronic exposure of adult rats to other
types of stressors (immobilization, sound, constant light).
The decreased somatotropes’ activity might be due to the
increased SRIH blood concentration, known to exhibit an
inhibitory effect on the secretion of GH from the pituitary
somatotropic cells [23]. Similar results after exposure to a
moderately warm ambient environment were also obtained
in birds [24]. Studies in rats reported that increased SRIH
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CONCLUSION

Prolonged exposure of adult male rats to moderately high
ambient temperature has an inhibitory effect on the immu-
nohistochemical and stereological parameters of GH cells.
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UmyHoxuctomopdpometpujckun ogrosop henuja xunoduse Koje npomsBoae XOpMOH
pacTa Kog, naLoBa Ha NPOAYKEHO U3narake yMepeHo NOBULLIEHOj TeMnepaTypu

OKOJ/IuHe

JoBaHa YykypaHosuh Kokopuc', MoHnKa [loBeHcKa?, busbaHa Mapanug?, J1a3o NMeHaoBckn?, MapTuH HukonoBscki?,
bpaua Kynganuh', iBaHa lpaosau', Page YykypaHosuh', Bepuua Munowesuh', ®nopuHa Monoscka MepunHuh?

'YHuep3utet y Huwy, MegnunHcki dakyntet, Kategpa 3a aHatomujy, Huw, Cp6buja;
*YHneep3uTet Cetor hupuna n Metoguja y Ckonsby, QakynTeT BeTepuHapcke MeauumHe, Katefipa 3a dyHKLMOHanHy Mmopdonorujy,

Ckomsbe, Penybnuka CeBepHa MakefoHuja;

3YHusep3utet y beorpagy, MegnunHcki dakynTeT, YHMBEP3UTETCKM KNMHWYKM LieHTap Cpbuje, Ofermbetbe 3a kapauonorujy, beorpag, Cpbuja

CAMETAK

YBoa/Linrb OcHOBHU Li/b OBOT MCTPaXMBatba 1o je aa ce nc-
nuTa edekat npoayxeHe n3noxeHoctu (4, 7, 14, 21, 60 gaHa)
naLoBa yMepeHo BUCOKOj TemnepaTypu okonvHe (35 £ 1°C) Ha
MMyHOXMCTOMOPdOMETpHjcKe NapameTpe comatponHux (MX)
henwja xunoduse.

Metope EkcnepumeHT je cnpoBefeH Ha 42 ogpacna Buctap
naLioBa, MOAE/beHa Y LECT eKCNepUMEHTaNHUX rpyna (n=7), of
KOjuX je NeT HenmpeKnaHO N3n0XeHo Temnepatypu og 35+ 1°C,
[lOK je KOHTpONHa rpyna ApxaHa Ha 20 + 2°C. X henuje cy
MIMYHOXMCTOXEMWjCKI BI3yenri30BaHe METOA0M NepoKCmaasa—
aHTnepokcuaasa. MopdpomeTpujcka aHanmsa je cnposefeHa
Kopuwhetbem BrLIEHAMEHCKOT TecT-cucTema M,,.

PesynrtaTtu [auLoBu U3 cBUX eKCNepuMeHTanHVX rpyna nma-
NN Cy 3HayajHo (p < 0,05) cMarbeHy TenecHy macy y OfHoCY Ha
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KOHTpOosnHy rpyny. lMocne yetvpw 1 14 faHa n3narakba yMepeHoj
TOMJIOTK, anconyTHa TeXMHa xunoduse je 3HayajHo (p < 0,05)
nosehaHa 3a 23,1% ogHocHo 27,7%, y nopehery ca KOHTpon-
Hom rpynom. X hienuje y cBum rpynama 6une cy oBanHor obam-
Ka 1 CMeLUTeHe y 6iIM3MHM Kanunapa ca OpojH M TaMHIM rpa-
Hynama. MopdomeTpujcka aHanmsa henmnjcknux 1 HykneapHmux
3anpemuHa X henuja y ekcnepymMeHTanHoj rpynu 3HayajHo je
cmameHa (p < 0,05) y ofHOCY Ha KOHTPOJTHY Fpymny.
3aksbyuak Moxe ce 3aK/byumTi Aa je XPOHUYHA N3/I0XKEHOCT
0fpacnux Myxjaka naLioBa yMepeHo BUCOKIM Temnepatypama
OKOJVHE CMakbuiia IMYHOXMCTOMOPHOMETPHUjCKE MapameTpe
X henwja.

KrbyuHe peunt: yMepeHo BCOKa TEMMEPATYPA OKOJINHE; UMY-
HoXUcToMoppomMeTpuja; comaToTponHe henwje; nauosu

www.srpskiarhiv.rs

247



DOI: https://doi.org/10.2298/SARH250328032G

UDC: 616.441-006-089.85(497.6)"2022/2024"

ORIGINAL ARTICLE / OPUTUHAJTHN PA[]

Complications after total thyroidectomy in
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SUMMARY

Introduction/Objective Total thyroidectomy (TT) is frequently performed in head and neck surgery and
is considered a relatively straightforward procedure, yet it is still associated with a number of complica-
tions. This study aimed to examine the role and significance of TT in the occurrence of postoperative
complications in correlation with histopathological (HP) and endocrinological findings.

Methods A cross-sectional study was conducted involving 90 patients in the University Clinical Center
of the Republic of Srpska, Banja Luka, Republic of Srpska, Bosnia and Herzegovina who underwent the
thyroid gland surgery 2022-2024. Preoperatively, hormonal analyses, thyroid ultrasound examination,
and endovideolaryngoscopy were performed. TT was performed in all patients. Postoperatively, HP
diagnostics, control hormonal tests, and endovideolaryngoscopy were performed.

Results Vocal fold paralysis (VFP) was reported by 11 (12.2%) patients. HP analysis showed that goiter
was the leading cause in 37 (41.1%) patients, followed by follicular adenoma in 25 (27.8%) and papillary
carcinoma in 18 (20%); other causes were present in the remaining 10 (11%). Regarding endocrinologi-
cal complications, hypocalcemia was present in 67 (74.4%) patients, and elevated parathyroid hormone
levels in four (4.4%) patients.

Conclusion VFP and hypocalcemia represented the most common postoperative complications after
TT, particularly in patients with HP-diagnosed goiter, follicular adenoma, or papillary thyroid carcinoma.
These findings may help identify older patients who are at increased risk of TT-related complications that
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could significantly impair their quality of life.

Keywords: hypocalcemia; thyroid gland diseases; vocal fold paralysis

INTRODUCTION

Thyroid disorders are among the most common
endocrine-system diseases, and thyroidectomy
is the therapy of choice for benign lesions, and
is a surgical intervention routinely used in cases
of suspected malignancy after ultrasound ex-
amination and fine-needle aspiration [1]. Other
reasons for thyroid surgery include enlargement
of the thyroid gland in the form of nodular or
colloid goiter that interferes with breathing or
swallowing [2]. Even with recent adjustments
to total thyroidectomy (TT) meant to reduce
the financial strain on hospitals, expenses are
still growing by 4.3% annually [3]. Currently,
this surgical intervention is very common and
is among the safest surgical procedures [4].
Ultrasound is a mandatory diagnostic proce-
dure for thyroid disease due to its reliability,
non-invasiveness among diagnostic procedures,
and its reliability and non-invasiveness, whereas
computed tomography and magnetic resonance
imaging are reserved for complex cases [5].
However, thyroid surgery still carries a num-
ber of complications, regardless of whether it
is performed using the classic open technique

or micro-invasive surgery, and even includes a
certain degree of mortality risk [6]. The most
common complications include hypoparathy-
roidism (HPT), damage to the external branch
of the superior laryngeal nerve, the recurrent
laryngeal nerve, postoperative hemorrhage,
laryngeal edema, and tracheospasm with dys-
pnea [6]. Post-thyroidectomy hypocalcemia
occurs due to HPT, which can result from the
devascularization or unintentional removal
of the parathyroid glands [7]. A frequent and
dangerous complication after TT is hypocal-
cemia [8]. Its incidence is about 1.2%, and it
is transient in approximately 40% of cases and
permanent in only 3% [7, 8]. Another com-
mon complication is damage to the recurrent
laryngeal nerve.

The incidence of transient recurrent vocal-
fold paralysis (VFP) ranges 5-8%, while the
rate of permanent recurrent VFP is 0.3-3% [9].
The increase in the number of TT is associated
with more postoperative complications. Surgeon
experience, or lack thereof, accounts for 46-56%
of cases of unilateral and bilateral VFP, which
can ultimately lead to dysphonia, dysphagia,
and dyspnea [10]. Postoperative dysphonia can



have significant implications for patients, so it is crucial to
take all necessary measures to minimize this complication
[11]. Postoperative hypocalcemia has a variety of causes.
Since many of these characteristics may be changed, it is
critical to identify them after surgery so that high-risk
population groups can be identified and early preventive
measures can be put in place [12].

For patients who are experiencing changes in their voice,
a multidimensional voice assessment and a postoperative
laryngeal examination are advised [13]. After thyroid sur-
gery, 80% of patients have voice disorders, meaning that
roughly 10% of patients have recurrent laryngeal nerve
damage [10]. Dysphonia after TT can significantly affect
a patient’s quality of life and interfere with their ability to
perform work and daily activities [11]. Preoperative voice
education, managing anticipated voice changes during sur-
gery, and thorough voice care after TT are all recommended
by the guidelines [13]. This study aimed to examine the role
and significance of TT in the occurrence of postoperative
complications in correlation with histopathological (HP)
and endocrinological findings.

METHODS

A cross-sectional study was conducted involving 90 patients
with thyroid diseases who underwent TT at the University
Clinical Center of the Republic of Srpska (UCC RS) in Banja
Luka 2022-2024. Inclusion criteria were that the patients
had s thyroid disease not surgically treated until arrival at
the center. Patients under 18 years of age and those without
a history of fine-needle aspiration were excluded.

The patients underwent an initial examination.
Demographic characteristics and medical history were
recorded at the Clinic for Endocrine Diseases. Indications
for surgery were determined by endocrinologists who, based
on anamnestic data, clinical examination, ultrasonography
of the thyroid gland, laboratory findings in the form of
hormonal status and basic laboratory tests, diagnosed
one of the thyroid diseases. Following TT, which involved
removing all thyroid tissue, calcium, parathyroid hormone
(PTH) and FT4 levels were measured at the Clinic for
Endocrinology. After 48 h, the patients were examined in the
phoniatrics office to assess the condition of the vocal folds,
and endovideolaryngoscopy was performed to diagnose
whether there was proper mobility of both vocal folds or
unilateral or bilateral damage to the n. laryngeus recurrens.

Data analysis was conducted using SPSS v22.0 (IBM,
USA). Descriptive statistics are presented as the mean,
median and standard deviation. Quantitative values are
expressed as absolute numbers (n) and percentages (%).
For analysis of categorical variables, we used the dl test
and Fisher’s exact test. Depending on the normality of the
data distribution, we used the Student’s t-test for indepen-
dent samples or the Mann-Whitney test. For dependent
variables, we used the t-test for dependent samples or the
Wilcoxon test. For numerical variables, either Spearman’s
or Pearson’s correlation was used. Results were considered
significant if p < 0.05.
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Ethics: The study was approved by the Ethics Committee
of UCCRS (approval no. 01-19-439-2/24) and complied with
the revised ethical guidelines of the Declaration of Helsinki.

RESULTS

This cross-sectional study included 90 patients of both
sexes. Demographic data, indications for surgery, symptoms
before and after surgery, thyroid-stimulating hormone
(TSH) before and after surgery, postoperative serum cal-
cium level, PTH and occurrence of unilateral or bilateral
vocal-fold paralysis were collected. Of the total number of
patients, 81 (90%) were female, with a mean age of 54.18
* 11.8 years. The most common indication for TT was
the isolated presence of goiter in 51 (56.7%), followed by
Hashimoto’s thyroiditis in 11 (12.2%) (Figure 1).

Five (5.6%) patients had preoperative symptoms, all
of whom were women, while 85 (94.4%) patients had no
preoperative symptoms. The most common postopera-
tive symptoms were dyspnea on exertion, dizziness, neck
pain, dysphagia, and cough. Laryngeal symptoms after T'T
were present in 13 (14.4%) patients and were reported as:
hoarseness; hoarseness and difficulty swallowing; difficulty
swallowing and cough (Figure 2). HP findings showed the
highest presence of goiter in 37 (41.1%) patients, followed
by follicular adenoma in 25 (27.8%) and papillary carci-
noma in 18 (20%). VFP occurred in 11 patients (12.2%).
The highest incidence of VFP occurred in patients with an
HP diagnosis of goiter in 4 (4.4%) patients and papillary
carcinoma in 4 (4.4%) patients, but it was not statistically
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Figure 1. Frequency of preoperative thyroid disease diagnosis
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Figure 2. Presentation of laryngeal symptoms after surgery
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significant (ul = 3.88, df = 3, p = 0.27) (Table 1). In the total
sample, 11 (12.2%) had unilateral VFP, while no cases of
bilateral VFP were detected.

Table 1. Correlation of pathohistological findings and paralysis

HP
Paresis i i
I Goiter Paplllary Follicular Other p
carcinoma adenoma
Yes 4(4.4) 4 (4.4) 1(1.1) 2(22) >0.05
No 33(36.7) 14 (15.6) 24 (26.7) 8(8.9) )

x*=3.88, df = 3, p =0.27; HP - histopathological

In the total sample, 12 (13.3%) patients had clinical
endocrinological symptoms postoperatively. Among the
symptoms reported were calf pain, leg cramps, tingling
sensations, and a general feeling of weakness. Sixty-seven
(74.4%) patients had hypocalcemia, of which 51 (56.7%)
had mild (1.9-2.2 mmol L") and 16 (17.8%) severe hy-
pocalcemia (< 1.9 mmol L'). Four (4.4%) patients had
elevated PTH levels. A statistically significant correlation
was found between age and postoperative calcium levels
(ry=0.2, p = 0.05). However, no statistically significant
associations were observed between age and postopera-
tive TSH (r, = -0.09, p = 0.37), age and preoperative TSH
(ry = 0.004, p = 0.97) or postoperative PTH (r, = 0.02,
p = 0.84) (Table 2).

Table 2. Correlation of endocrinological complications with labora-
tory parameters

Laboratory parameters N | Min. | Max. | Mean | SD

TSH preoperatively 920 0 |433| 155 | 1.14
TSH postoperatively 90 | 0.01 | 45 | 13.84 | 10.56
PTH postoperatively 90 1 75 32.7 | 16.28
Hypocalcemia postoperatively | 90 | 1.06 | 2.56 | 2.02 | 0.32

TSH - thyroid-stimulating hormone; PTH - parathyroid hormone

Table 3. Correlation of the occurrence of postoperative symptomatol-
ogy overall with age and laboratory parameters

PTH TSH TSH
Age . . .
postoperatively | preoperatively | postoperatively
p 0.35 0.005 0.35 0.31

U =470, p = 0.005; PTH - parathyroid hormone; TSH - thyroid-stimulating
hormone

There is a statistically significant correlation between
postoperative PTH levels and the onset of postoperative
symptoms overall (U = 470, p = 0.005). Age does not show
a statistically significant correlation with postoperative
symptoms (U = 671.5, p = 0.35), nor do preoperative TSH

Gnjati¢ M. et al.

(U =670, p = 0.35), postoperative TSH (U = 662, p = 0.31)
or postoperative pH (Table 3).

Logistic-regression analysis was conducted to evaluate
the influence of age, HPT presence, preoperative TSH
levels, pH, and sex on the total incidence of postoperative
symptoms. The overall model did not show a statistically
significant difference when compared with the null model
(x*=5.013, p = 0.658), accounting for 8% of the variation
in postoperative symptoms (Nagelkerke R?). There was
no statistically significant effect of individual factors on
the occurrence of postoperative symptoms: age (p = 0.45),
hyperthyroidism (p = 0.68), preoperative TSH (p = 0.88),
pH (p = 0.57), and sex (p = 0.20) (Table 4).

DISCUSSION

The analysis of post-thyroidectomy complications reveals
that, while these procedures are typically routine and rela-
tively safe, they do carry some risks. The most common
complications, including VFP and HPT, can significantly
affect patients’ quality of life [14]. T'T still has an overall
complication rate of up to 54.4% [1]. Our study reveals
several key findings regarding laryngeal complications
after T'T, highlighting their association with HP findings
and the patient’s hormonal status [9]. The findings also
align with earlier research on complications following
thyroid surgery, particularly highlighting hypocalcemia
and recurrent laryngeal-nerve dysfunction as the most fre-
quently encountered negative outcomes. We demonstrated
that the rate of recurrent laryngeal-nerve dysfunction is
12.2%, with symptoms observed in 14.4% of individuals.
Our results align with previous studies that have reported
comparable complications [15].

Excessive use of alcohol, due to its toxic effect, can be
one of the risk factors for thyroid cancer [16]. We found
that VFP occurred in 11 (12.2%) patients after T'T, with no
statistically significant association with sex, age, presence of
goiter, or hyperthyroidism. However, goiter and papillary
carcinoma were present in the majority of patients with VFP
[17]. EVLS offers insights into the anatomical structures and
functional changes of the vocal folds, including their ap-
pearance and vibratory patterns, without any complications
[18]. These results align with research conducted by other
authors, which found that a notable proportion of patients
experienced VEP, with its occurrence being influenced by

Table 4. Correlation of demographic laboratory and endocrinological and PH factors with postoperative complications

95% confidence interval
Variable Coef. (B) SE Odds ratio (Exp B) 2 p
Lower Upper
Age 0.016 0.022 0.984 0.943 1.026 0.45
o No

Hyperthyroidism

Yes 0.476 1.159 1.610 0.166 15.592 0.68
TSH before 0.033 0.222 1.034 0.669 1.598 0.88
HP 0.57
1 -0.952 0.794 0.389 0.081 1.828 0.23
2 -0.210 0.846 0.476 0.154 4.257 0.80

x>-test =5.013, p = 0.658, TSH - thyroid-stimulating hormone; HP - histopathological
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Complications after total thyroidectomy

the surgeons level of expertise and the scope of the operation
[19]. In this regard, the importance of standardizing recurrent
laryngeal-nerve identification activities was emphasized to
prevent nerve damage during surgery [20].

Regardless of changes in laryngeal mobility, individuals
may experience swallowing issues following thyroidec-
tomy. Although they are more frequently noticed in the
late postoperative phase, these problems, characterized
by delayed triggering and stasis of food, may be seen in
the early postoperative period [21]. A study assessing a
tool designed to calculate the likelihood of hypocalcemia
following TT discovered that the decline in PTH levels 1
h and 8 h after surgery, in addition to magnesium levels
on the second postoperative day, were reliable indicators
of more severe hypocalcemia [22].

These results are in line with research showing that
hypocalcemia is the most frequent side effect follow-
ing thyroidectomy, with a frequency as high as 54.4%.
Postoperative endocrinological symptoms, such as tingling,
muscle cramps and fatigue, were reported in 12 (13.3%)
patients. The most important factor influencing the occur-
rence of these symptoms was the degree of hypocalcemia
(p = 0.001), while other factors such as the presence of
goiter, hyperthyroidism and histopathological findings did
not show a significant association. This confirms previous
tindings linking hypoparathyroidism with postoperative
hypocalcemia [23]. Increased surgeon operative volume
has been linked to better outcomes across various pro-
cedures, including thyroidectomy. A study showed that
thyroidectomies on elderly persons were less common
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Komnaukauuje nocne TotanHe TMpeouaeKTommje y Kopenauuiju ca
XMCTONATO/IOLIKMM U XOPMOHA/IHUM HaNnasuma

MwupjaHa lbatrh'2, Jannbop Bpameww'?, Barba Hexuh?, bpanko Jypuiwuh'? Mpma OBunHa®

'"YHusep3uteT y Barboj Jlyum, MeguuuHckun dakyntet, batba Jlyka, Penybnuka Cpncka, bocHa v XepuieroBuHa;
YHnBep3UTETCKM KNUHUYKK LieHTap Penybnuke Cpncke, KnuHuka 3a 6onectu yxa, rpna v Hoca, barba Jlyka, Peny6nuka Cpricka, bocHa n

XepLerosuHa;

3YHUBep3UTETCKM KNMHUYKY LeHTap Penybninke Cpricke, KnuHuka 3a yHyTpalukbe 6onect, batba Jlyka, Penybnmka Cpncka, bocHa n

XepuerosuHa

CAXETAK

YBoa/Lum TotanHa Tupeoungektommja (TT) uecto ce u3sogu y
XVPYPrujy rnaBe v Bpata 1 CMaTpa ce penaTuBHO jeJHOCTaBHOM
npoLeaypom, anu je jow yBek npaheHa 6pojHUM KOMANMKaLy-
jama. Linsb oBe cTyauje 6uo je fa ce ucnuta ynora v 3Hauaj TT
y HaCTaHKy NnocTonepaTMBHUX KOMMNAMKaLMja y Kopenaumju
ca xuctonatonowkum (XI) 1 eHAOKPUHONOLWKMM Hasla3numa.
MeTtoge Cryanja npeceka obyxBatuna je 90 bonecHuKa Koju cy
611 NoaBPrHy TV onepauujy WTUTacTe xnesae y YH1Bep3nTeT-
CKOM KNMHUYKOM LieHTpy Peny6nnke Cpncke y bawoj Jlyuw, y
bocHu n XepuerosuHu, y neprogy og 2022. go 2024. rogmHe.
lMpeonepaTtBHO Cy ypaheHe XOpMOHCKe aHanu3e, ynTpassyyHu
npernep WMTacTe Xne3ae u eHAoBrAeonapuHrockonmja. Kog
cBUX 6onecHuKa ypaheHa je TT. [ocTtonepaTuBHO cy ypaheHe
XM gujarHocTMKa, KOHTPOJSIHE XOPMOHCKE aHanm3e v eHLoBY-
[eonapuHrockonuja.

Pesyntatu Mapann3sy rnacHuua nmano je 11 (12,2%) 6onecHu-
Ka. X aHanu3a nokasana je fa je y BehuHu cnyyajeBa y3pok

DOI: https://doi.org/10.2298/SARH250328032G

6o cTpyma — Kog 37 (41,1%) bonecHviKa, 3aTum GonnKynapHu
apgeHoM - Kog, 25 (27,8%), nanunapHu KapumHom Kog 18 (20%)
1 octanu y3pouu kog 10 (11%) 6onecHnka. Of eHOOKPUHONO-
WKUX KOMMNJMKaLWja, Xrnokanuemuja je 6una nprcyTHa Kog 67
(74,4%) 6onecHMKa, a NOBYLIEH HABO NAaPATUPOUAHOT XOPMOHA
Kop ueTnpu (4,4%) 6onecHvKa.

3akiyuak Hajsehn 6poj noctonepatBHMX KOMMIMKaLuja
HakoH TT jaBrba ce Kop 60necHUKa ca napanr3om rnacHuua
1 xunokanuemujom 36or XM gnjarHoctrikoBaHe cTpyme, $o-
NNKyNapHOT afjeHoMa v ManunapHor KapumMHoMa WwimTacTe
xne3ge. OBU Hanasy Mory GUTV KOPUCHW Yy naeHTudnKauujn
6onecHUKa cTapuje X1MBOTHe f061 c noBehaHUM PU3UKOM Of,
KOMM/MKaLmja HakoH TT, LITO MOXe 3HayajHOo yTULATK Ha KBa-
NINTET HUXOBOT XMBOTA.

KrmbyuHe peun: xunokasnuemuja; 60n1ectu WntacTe Xnesge;
napanusa rnacHuua
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Unfavorable low-risk factors predict pathologic
upstaging and upgrading following radical
prostatectomy: evidence for further subclassification
of low-risk prostate cancer?

Aleksandar Magdelini¢', Aleksandar Spasi¢?, Marko Vukovi¢'

'Clinical Center of Montenegro, Urology Clinic, Podgorica, Montenegro;
“Military Medical Academy, Urology Clinic, Belgrade, Serbia

SUMMARY

Introduction/Objective We aimed to validate the stratification of low-risk prostate cancer (PCa) into
“favorable” and “unfavorable” subgroups of patients undergoing radical prostatectomy (RP), based on
the correlation of various biopsy features with high-risk characteristics at final pathology.

Methods The research involved 173 patients who were selected as low-risk PCa. The planned stratifica-
tion categorized patients into favorable and unfavorable low-risk PCa subgroups, based on their Gleason
upgrading (GU) and tumor upstaging (TU) status at final pathology. Unfavorable low-risk PCa was defined
by the presence of biopsy results correlating with high-risk characteristics at final pathology, pathological
Gleason score (pGS > 4 + 3, or > pT3a, or pN1). Patients were divided into two groups according to the
presence of high-risk pathology features: Group 1 (n = 84, favorable) and Group 2 (n = 89, unfavorable).
Results In total, 18 patients from the second group (20.2%) experienced Gleason score upgrading (GS
>4 + 3), and in 94.4% of these cases, their biopsy reports indicated the presence of both perineural
invasion (PNI) and lymphovascular invasion (LVI). Furthermore, among patients with upstaging to pT3a
or pT3b, both PNI and LVI were observed in 60% and 85.7% of cases, respectively. Multivariate analysis
demonstrated that PNI (OR = 3.35; 95% Cl: 1.16-7.56; p < 0.001) and LVI (OR = 5.34; 95% Cl: 2.02-11.2; p
< 0.001) were independently associated with both GU and TU.

Conclusion The presence of PNl and LVI in prostate biopsy samples is associated with both clinically sig-
nificant GU score and TU following pathologic prostate examination. Therefore, these features represent

unfavorable characteristics in biopsy results.

Keywords: prostate cancer; low-risk; unfavorable low-risk; Gleason upgrading; tumor upstaging

INTRODUCTION

Low-risk prostate cancer (PCa) is defined as
clinical stage T1/T2a biopsy with a Gleason score
(GS) < 6 and a prostate-specific antigen (PSA)
level < 10. This is a broad category encompassing
arange of pathological characteristics and clinical
behaviors [1], within which a small percentage of
low-grade cancers progress to high-grade disease
[2]. It is well-established that a high incidence
of understaging and undergrading on the initial
biopsy can occur in this patient group, potentially
delaying the initiation of curative treatment
[3-6]. Moreover, cancer upgrading is a negative
prognostic factor, making the early identification
of high-grade cancer in men diagnosed with
low-risk disease a priority [2].

The challenge in managing low-risk PCa
lies in distinguishing patients with clinically
significant cancers who may benefit from radi-
cal treatment from the remainder who do not
require any intervention [1]. A significant unmet
need remains for further stratification of this
often-heterogeneous cohort to optimize treat-
ment decisions among the various options avail-
able for these patients. It is well-established that
low-risk PCa can be classified as very low-risk

or low-risk disease based on biopsy and clini-
cal criteria [7]. Nevertheless, this stratification
system does not include information regarding
several biopsy variables, including perineural
(PNI) and lymphovascular invasion (LVI) [5, 6].
Consequently, a more comprehensive clinical
model is desirable to identify unfavorable low-
risk PCa, which may necessitate a more complex
surveillance protocol or early active treatment.

Therefore, our study aims to define the un-
favorable biopsy factors that predict a clinically
significant form of low-risk PCa, thereby helping
to determine which patients may require active,
curative interventions rather than deferred
treatment.

METHODS

Following approval from the Institutional Review
Board, 700 patients underwent radical prosta-
tectomy (RP) between 1995 and 2014. Utilizing
databases from two university centers, only
those patients meeting the following criteria
were included in the analysis: preoperative lo-
calized disease, classification as low-risk PCa or
International Society of Urological Pathology
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grade I (PSA < 10; cT1-T2a, GS < 6), normal
total serum testosterone levels, and no clinical
signs of hypogonadism. Each patient had pre-
viously declined active surveillance (AS) as an
initial treatment option. Exclusion criteria were:
intermediate or high-risk grade PCa determined
by the initial biopsy (n = 490), unknown surgical
margin status, or total serum testosterone level
below 12.1 nmol/l (n = 17) [8]. Finally, patients
with unknown PSA levels at six weeks post-RP
were also excluded (n = 20). Applying these selec-
tion criteria resulted in a cohort of 173 patients,
who constitute the focus of this analysis.

The clinical variables [age, preoperative PSA,
PSA density, and clinical stage (CT)] and all histo-
pathological findings were recorded. All prostate
biopsies were performed under transrectal ultra-
sound [9], and PSA density was calculated based
on prostate volume records. The biopsy pathology
report included the following variables: (I) PCa
grade, (II) percentage of biopsy core involved by
PCa (P+), (IIT) tumor volume (TV), (IV) LVI,
(V) perineural invasion (PNI), and (VI) mul-
tifocal high-grade intraepithelial neoplasia (hg
PIN). The proportion of positive cores (P+) was
calculated as the ratio of P+ to the total number
[10]. Additionally, PNI was identified according
to the previously described principle using the
same immunohistochemistry assay [11].

RP was performed using an open retropubic
approach, and the entire prostate specimen was
subsequently evaluated [12]. In addition, limited
lymph node dissection was performed in each
patient for the purposes of the study; lymph node
specimens were reported as negative (pNO) or
positive for cancer (pN1). Seminal vesicle invasion
was defined as tumor involvement of the vesicle
muscle wall (pT3b). Surgical margins (R) were
reported as negative (Ro) or positive for cancer
(R1). The pathological GS (pGS) was calculated by
summing the two most prevalent tumor patterns
[5, 13]. Tumor upstaging (TU) was defined as the
detection of pT3 in the final post-prostatectomy
pathology or the presence of tumor cell inva-
sion in lymph nodes (pN1). Adverse pathologic
features included extraprostatic extension (EPE),
> pT3a, R1, GS 2 4 + 3, multifocal high-grade
PIN, and pN1.

The planned stratification for this study catego-
rized patients with low-risk PCa as either favorable
or unfavorable, based on their Gleason upgrading
(GU) and TU status at final pathology. Unfavorable
low-risk PCa was defined by the presence of biopsy
or clinical variables correlating with any of the
following high-risk (unfavorable) characteristics
at final pathology: pGS > 4 + 3, EPE, > pT3a, or
pNI1 [14]. This categorization was chosen based
on the widely accepted principle that deferred
treatment is inappropriate for patients harboring
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Table 1. Demographic and clinical characteristics between groups

Parameters Overall (fanrg;Fk))lle) (untar(\)/cl:ZIkLIe) p
Patients, n (%) 173 (100) 84 (49.6) 89 (51.4) 0.32
Mean age, years (SD) 65.4 (6.1) 65 (5.9) 65.9 (4.9) 0.51
Preoperative PSA, ng/ml (SD) 6.7 (3) 6.34 (2.54) 7.03(1.7)* 0.03
PSA density, ng/ml/gr (1QR) (0.02'98.46) (0.02'95.1 8) (0.0;1—70‘.146)* 001
2Clinical T stage, n (%)

T 81 (46.8) 70(83.3)% 11(12.3) 0.04
T2a 92 (53.2) 14 (16.7) 78 (87.7)* 0.007
Patients with PNI, n (%) 66 (38.1) 6(7.1) 60(67.4)* |0.001
2Patients with LVI, n (%) 54 (31.2) 1(1.2) 53(59.5)* 0.001
:miﬁcezeﬁfatsgfp‘gfg’e;D 474(52) | 403(46) | 523(7.2* | 0.02
aTumor volume (%), IQR 15(10-25) | 10(10-20) 50(60-10)* | 0.01
bGleason upgrading, n (%) 104 (60.1)

GS3+4(ISUP2) 86 (49.7) 61(72.6)* 25(27.4) 0.03
GS 4+ 3 (ISUP 3) 9(5.2) - 9(10.1) -
GS4+4(ISUP4) 3(1.7) - 3(3.3) -
GS3+5(ISUP4) 1(0.5) - 1(1.1) -
GS 4+ 5 (ISUP 5) 5(2.8) - 5(5.6) -
"Tumor upstaging, n (%) 94 (54.3)

pT2 50 (28.9) 50 (59.5) - -
pT3a 30(17.3) - 30(33.7) -
pT3b 14 (8.1) - 14 (15.7) -
bSurgical margin positivity, n (%)

unifocal (R1) 45 (26) 30(35.7)* 15(16.8) 0.03
multifocal (R1) 25(14.4) 8(9.5) 17(19.1)* 0.04
bApical involvement, n (%) 34 (19.6) 16 (19) 18 (20.2) 0.6
YEPE, n (%)

Unifocal EPE 14 (8) - 14 (15.7) -
Multifocal EPE 17 (9.8) - 17 (19.1) -
bPositive lymph nodes, n (%) 7 (4) - 7 (7.8) -
bMultifocal hg PIN, n (%) 70 (40.6) 11(13) 59(66.2)* 0.02

PSA - prostate-specific antigen; PNI - perineural invasion; P+ — percentage of positive
cores; PC - prostate cancer; GS - Gleason score; ISUP - the International Society of Urologi-
cal Pathology; EPE - extraprostatic extension; LVI - lymphovascular invasion; R1 - positive
surgical margin; hg PIN — high-grade intraepithelial neoplasia; IQR - interquartile range
*statistically significant difference between two groups (p < 0.05);
pathologic data on initial biopsy specimen;
bpathologic data on prostatectomy specimen

PNI+LVI
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Figure 1. Association between individual and combined biopsy features (predic-
tors of both, Gleason upgrading and tumor upstaging) and high-risk character-

istics at final pathology

PNI - perineural invasion; LVl - lymphovascular invasion; GS - Gleason score;
pT3a - pathological tumor stage 3a; pT3b - pathological tumor stage 3b
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such features [15]. Group 1 (favorable) consisted of patients
without high-risk characteristics on final histology, while
Group 2 (unfavorable) included patients with at least one
unfavorable feature at final pathology.

The primary objective of the study was to determine the
correlation between clinical and biopsy determinants with
high-risk characteristics at final pathology, thereby defining
unfavorable low-risk PCa. Moreover, research aimed to
establish the incidence of upgrading and upstaging, as well
as adverse pathologic features on postsurgical specimens.

Statistical analysis

Continuous variables are presented as mean + SD, and
differences between groups were analyzed using the Mann-
Whitney U test. Categorical variables are presented as counts
and percentages. Non-parametrically distributed continu-
ous variables are presented using the median, minimum,
and maximum values. Finally, the relationship between
biopsy determinants and GU/TU at final pathology was
examined using multivariable logistic regression analysis.
All analyses were performed using IBM SPSS Statistics for
Windows, Version 23.0. (IBM Corp., Armonk, NY, USA).

Ethics: All patients provided written consent prior to
their enrollment in the study. The treatment protocol was
approved by the Ethics Committee of the Clinical Centre of
Montenegro (No. 03/01-9360/2). The study was conducted
in accordance with the principles of the Declaration of
Helsinki of the World Medical Association.

RESULTS

Opverall, 173 patients met the low-risk criteria defined by
the study. The average patient age was 65.4 + 6.1 years, and
the median preoperative PSA was 6.7 £ 2.2 ng/ml. GU was
detected in 104 (60.1%) patients: 86 (49.7%) to 3 + 4, nine
(5.2%) to 4 + 3, three (1.7%) to 4 + 4, and five (2.8%) to 4
+ 5 PCa. In RP specimens, 50 patients (28.9%) were staged
as pT2b-c, 30 patients (17.3%) were staged as pT3a, and 14
patients (8.1%) were referred as T3b at final pathology (Table
1). No statistically significant differences were observed
between the two groups regarding the number of patients
(p = 0.6), mean patient age (p = 0.4), and apical involve-
ment on surgical specimens (p = 0.09) between the two
groups. In Group 2, preoperative PSA (0.04), PSA density
(p =0.03), clinical stage T2a (p = 0.01), PNI (p < 0.01), LVI
(p<0.01), TV (p =0.03) and P+ (p = 0.04) were statistically
higher than in Group 1. Furthermore, multifocal surgical
margin positivity (19.1% vs. 9.5%, p = 0.03) and multifocal
high-grade PIN (66.2% vs. 13%; p = 0.01) were found to
be significantly higher in Group 2.

In total, 18 patients from Group 2 (20.2%) were upgraded
toa GS 2 4 + 3, and in 94.4% of these cases, the biopsy
report revealed both PNI and LVI. Moreover, TU was
detected in 49.4% of patients from Group 2, with 33.7%,
and 15.7% of patients exhibiting pT3a or pT3b, respectively.
Biopsy reports were positive for both PNI and LVI in 60%
of patients with pT3a upstaging and in 85.7% of patients
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Table 2. Multivariable analysis of clinical/biopsy variables and high-risk
(unfavorable) characteristics at final pathology

Multivariable
OR (95% Cl) b
Model 1 - upgrading on final histology (GS > 4 + 3)

Biopsy and clinical variables

Preoperative PSA 0.95 (0.88-2.11) 0.09
Clinical T-stage (1-2a) 1.69 (0.96-2.99) 0.1

Tumor volume 13.6 (4.5-31.2) 0.3

PNI 4,97 (2.16-9.67) <0.01
LVI 3.51(1.13-8.71) 0.03
P+ (>50%) 1.13(1.03-1.31) 0.04
PSA density 1.24 (0.99-1.55) 0.06
Multifocal high-grade PIN 1.4 (1.25-1.58) 0.04

Model 2 - upstaging on final histology (= pT3, N+)

Preoperative PSA 1.00 (0.98-1.03) 0.7
Clinical T-stage (cT2a) 0.93(0.67-1.31) 0.8
Tumor volume 0.76 (0.64-1.51) 0.3
PNI 3.35(1.16-7.56) <0.01
LVI 5.34(2.02-11.2) <0.01
P+ (>50%) 0.96 (0.94-1.02) 0.2
PSA density 1.47 (0.98-2.2) 0.07
Multifocal hg PIN 0.88 (0.11-2.31) 0.09

GS - Gleason score; PSA - prostate-specific antigen; PNI - perineural invasion;
LVI - lymphovascular invasion; hg PIN - high-grade intraepithelial neoplasia

with pT3b upstaging on final histology. Additionally, six
out of seven patients (85.7%) with positive lymph nodes
after surgery had both PNI and LVI on prostate needle
biopsy pathology (Figure 1).

Multivariate logistic regression analysis revealed that PNI
(OR =4.97;95% CI: 2.16-9.67; p = 0.001), LVI (OR = 3.51;
95% CI: 1.13-8.71; p = 0.01), percentage of P+ (OR = 41.5;
95% CI: 4.82-283.16; p = 0.02), and multifocal high-grade
PIN (OR = 1.77; 95% CI: 0.87-2.56; p = 0.031) were in-
dependently associated with GU, while PNI (OR = 3.35;
95% CI: 1.16-7.56; p < 0.001) and LVI (OR = 5.34; 95%
CI: 2.02-11.2; p < 0.001) were identified as independent
predictors of TU. Although not statistically significant, the
association of PSA density (OR = 1.24; 95% CI: 0.99-1.55;
p =0.057 and OR = 1.47; 95% CI: 0.98-2.2; p = 0.07) was
notable (Table 2).

DISCUSSION

AS is a convenient therapeutic approach for PCa as it
avoids overtreatment of patients with clinically inapparent
disease while offering curative therapy to patients with
progressive disease [16]. Nevertheless, during treatment
of low-risk PCa, clinical predictors associated with GU or
TU on surgical pathology should be strongly considered
to identify subsets of patients who may have more ag-
gressive disease and require more appropriate treatment
[10]. Previous studies have documented that independent
predictors of TU in low-risk PCa are associated with older
age and higher PSA [14, 17], a higher proportion of P+
[10] and tumor involvement greater than 50% in each core
[14]. Moreover, PNI appears to be a strong predictor of GU
(over four-fold) in low-risk PCa [5, 6] with a previously
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established correlation to biochemical failure [5, 11]. The
present research indicated that a higher proportion of P+,
multifocal high-grade PIN, and the presence of LVI and
PNI were independent predictors of GU in the surgical
specimen with the latter two showing a stronger association
(3.51- and 4.97-fold) than the former (1.13- and 1.77-fold).
In addition, LVI and PNI independently increased the risk
of TU on final histology (3.35- and 5.34-fold), identifying
them as the most reliable unfavorable predictors of both
GU and TU. The risk of GU was even higher for patients
with combined PNI and LVI in the same biopsy specimen,
with 94.4% having pGS > 4 + 3 and 85.7% having pT3b
or pN1 disease, which are both considered very high-risk
factors [18, 19]. Thus, many patients with PNI and LVI on
biopsy specimens have occult high-risk disease that may go
undetected prior to surgery. Therefore, additional evaluation
is mandatory in these patients to improve risk classifica-
tion. Zumsteg et al. [19] reached a similar conclusion for
intermediate-risk PCa, where two or more unfavorable
intermediate-risk factors on a biopsy specimen led to a
41% incidence of high-risk features on final pathology
(Gleason pattern 5, pT3b-T4, pN1).

There is growing evidence demonstrating the importance
of proper grading and staging of PCa on initial biopsy and
prior to treatment decision. A large randomized study by
Bill-Axelson et al. [20] reported seven men with initially
low-risk disease who died from PCa after surgery. In six
of these patients, tumors were upgraded to GS 7 or 8 at
prostatectomy, leading to the conclusion that PCa-related
death in men with low-risk disease often results from
unrecognized high-grade disease [20, 21]. These findings
suggest that high-grade disease on surveillance biopsies
likely represents misclassification at diagnosis rather than
true disease progression [20, 21, 22]. Therefore, developing
a clinical predictive model to identify unfavorable biopsy
features associated with advanced disease on RP is crucial.

Studies have emphasized the discordance between biopsy
and RP specimens with a high incidence of tumor upgrading
on final histology. Despite the adoption of second-opinion
pathology reviews, the accuracy rate in evaluating RP speci-
mens remains low [23, 24]. Our study corroborates these
findings, with GU detected in 60.1% of final pathology
specimens and the International Society of Urological
Pathology grade 2 being the predominant one (49.7%).

Some authors suggested that pGS of at least 4 + 3 =7,
pT3b, and pN1 are the strongest predictors of long-term
outcomes after surgery [14, 18, 19]. Therefore, we selected
grade group 3 and pT3a as the pathologic threshold for
defining high-risk characteristics at final pathology in order
to identify unfavorable biopsy features. Although several
biopsy and clinical variables were selected as predictors
of tumor upgrading and upstaging, a clear definition of
favorable and unfavorable predictive factors for low-risk
PCa is still lacking, unlike the established definitions for
intermediate-risk cancer [25]. Porcaro et al. [10] proposed
a stratification system for low-risk PCa, based on PSA value
and the proportion of P+ on prostate biopsy, but they did
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not include a biopsy report of PNI and LVI, which were
significant predictors of advanced prognostic features in our
study. Additionally, the “DETECTIVE” study [26] identified
LVI and PNI in needle biopsy as exclusion criteria for AS,
supporting our earlier finding that these variables likely
represent significant baseline features associated with high-
risk tumors on final pathology. Moreover, multiple studies
have demonstrated a higher risk of biochemical recurrence
(BCR) after RP, progression to metastatic disease, and
cancer-specific mortality when PNI is seen in the biopsy
tissue [27, 28]. Nevertheless, the clinical significance of PNI
in low-risk PCa remains to be fully established.

PNI has been shown to be associated with an increased
risk of both pathological [hazard ratio (HR) 2.21, 95% CI:
0.92-5.33, p = 0.076] and clinical progression (HR 2.39,
95% CI: 1.1-4.94, p = 0.019) among PCa patients on AS
[13]. Furthermore, Cohn et al. [29] observed that PNI was
associated with a higher rate of exclusion from AS due to
biopsy-confirmed disease progression, aligning with the
tindings of the aforementioned “DETECTIVE” trial [26].
These conclusions corroborate the results from our study,
where PNI was found to be the strongest predictor of tu-
mor upgrading and the second most prominent predictor
of disease upstaging on final histology. In contrast to the
aforementioned studies, our research also identified LVI
as an unfavorable biopsy prognostic factor for both GU
and TU on final pathology. Considering these findings, we
propose stratifying low-risk PCa into unfavorable (presence
of PNTand LVI, with or without multifocal high-grade PIN
and P+ on prostate biopsy) and favorable (absence of these
variables) categories based on biopsy specimens.

On the other hand, it should be emphasized that only a
few recent studies have investigated the potential signifi-
cance of PNI or LVI in GU and TU in these patients. In one
such recently published study, the authors used univariate
Cox regression models and reported that lymphovascular
or PNI correlated with a higher BCR rate [30]. However,
after considering standard pathologic tumor features, lym-
phovascular or PNI were not statistically associated with
a higher BCR as the Gleason grade group and pathologic
tumor stage were strongly associated with PNI and LVI [30].

Although our study was not designed to focus on limi-
tations, several should be acknowledged. Primarily, its
retrospective nature and the small sample size are signifi-
cant limitations. Furthermore, the absence of data from
advanced imaging (such as multiparametric magnetic
resonance imaging) or biomarkers (e.g., Genomic Prostate
Score or Decipher) is a drawback. This study also did not
address the outcomes of subsequent adjuvant or salvage
treatment during follow-up, as it was outside the scope of
our research. Finally, we did not estimate cancer-specific
deaths or progression-free survival rates between the two
groups, thus the definitive prognostic value of PNI, LVI,
and P+ remains incomplete. Despite these limitations, our
study provides significant findings that can assist physicians
in making effective decisions regarding optimal patient
treatment modalities.
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CONCLUSIONS

Approximately one in three men with low-risk PCA on biopsy
who undergo RP are found to have undesirable pathologic
features. While stratifying low-risk patients into favorable and
unfavorable categories is a positive step, traditional clinical
and pathological criteria have not proven effective in identify-
ing the unfavorable subset. Future large, prospective studies
integrating clinical, pathological, and imaging modalities
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HenoBo/bHM paKTopu Kog 60N1eCHUKA Ca HUCKOPU3UYHUM KapLUHOMOM NpocTaTe
npeaBuhajy NaToNOLWKO NOropLiakbe U HaNpesoBakbe HAKOH paauKaHe
npocTaTeKToMMje: A0Ka3M 3a Aa/by NoAKNacUPUKauujy?

Anekcanpap MaraenuHuh', Anekcanpap Cnacuh’, Mapko Bykosuh'
'KnuHnukm uenTap LipHe lope, KnuHuka 3a yponorwjy, Moaropuua, LipHa fopa;

“BojHoMeamMLUMHCKa akagemuja, Knnhuka 3a yponorujy, beorpag, Cpbuja

CAXETAK

YBoa/Lwb Linb nctpaxunsatba je 610 aa ce notBpan ctpatndu-
KaLyja HUCKOpY3MYHOT KapLHoma npoctate (PCa) Ha,nMoBOsb-
He" 1, HernoBoJbHE" MOArpyne 6oNeCcHNKa Koju Cy MOABPIHY T
pafAKanHoj NPoCTaTeKTOMUjY, MPema Kopenaumjy pasnnumTinx
KapaKTepucTuKa brioncuje ca KapakTeprcTMKama BYCOKOT pui-
31Ka Ha KOHaYHOj MaToNorunju.

Mertope Y oBy cTyaujy cy ykibyueHa 173 6onecHnKa Koja cy y
BpeMe onepaumje n3abpaHa kao KOXOpTe Ca HACKUM PU3VKOM
of PCa. MnaHupaHa cTpatuduKaLmja yKibyurBana je nososbaH
1 HenoBosbaH PCa HUCKOT puU3KKa, y cknagy ca noseharbem Mmu-
COHOBOT CTeneHa v ctatycom noeeharba cTagujyma Tymopa Kop
Kpajre natonoruje. HenoBorbaH PCa HCKOT pr3mnKa aeduHu-
CaH je Kao NPMCYCTBO pe3ynTaTa buoncuje Koju Kopenupajy ca
BUCOKOPUW3NYHUM KapaKTepUCTMKamMa y KOHa4yHoj MaTosiormju
[naTonowku MuncoHoB ckop = 4 + 3, nnu = pT3a, unu pNT)].
bonecHuum cy nogesbeHu y cknagy ca npucycTBOM BUCOKO-

DOI: https://doi.org/10.2298/SARH240318034M

pr3nYHMX 0benexja y KoHauHoj natonoruju 'y Mpyny 1 (n = 84,
noBosbHO) 1 pyny 2 (n = 89, HEMOBOJLHO).

Pesynrtatu OcamHaecT 6onecHuka u3 pyne 2 (20,2%) uma
[MrncoHoB ckop > 4 + 3, a'y 94,4% crnyyajeBa HUX0BM buoncuj-
CKV U3BELLTAjU Cy OTKPUAWN 1 NepuHeypanHy nHsasujy (MHW) n
numoosackynapHy nxsasujy (JIBW). LLitasnwe, 6onecHnuy ca
HanpepoBatbeM pT3a unm pT3b nokasanu cy v MHU n JIBU y 60%
1 85,7% cnyuyajeBa, pecnekTneHo. MyntreapujaHTHa aHanu3a je
noka3sana ga cy lNHW (OR = 3,35; 95% CI: 1,16-7,56; p < 0,001) n
JIBA (OR = 5,34; 95% CI: 2,02-11,2; p < 0,001) He3aBMCHO NoBe-
3aHu 1 ca noseharbem [MycoHoBOr cTeneHa 1 ca noseharem
CTagunjyma Tymopa.

3aksyuak [Jokasu o MHW 1 JIBU y 6uoncuju npoctate nosesa-
HW Cy 11 Ca KNNHWYKM 3Ha4ajHUM HanpeaoBabem 1 ca NpeoKpe-
TOM NOC/e NaToNIOLWKOr Npernefa npocrate, WTo NpeAcTaB/ba
HEeroBoJbHe KapaKTepucTuke buoncyje.

KrmbyuHe peun: pak npocTate; H13aK PU3VK; HEMOBO/baH HI3aK
pur3uK; [MMCOHOB CKOP; pacT Tymopa
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SUMMARY

Introduction/Objective Patellar fractures are commonly treated with tension band wiring (TBW). The
distance between the cerclage wire and the superior pole of the patella is crucial for surgical outcomes.
This study evaluates the impact of this distance on clinical and functional results.

Methods A retrospective cohort study of 64 patients with transverse patellar fractures treated with TBW
was conducted. Patients were categorized based on the distance of the cerclage wire from the bone:
<4 mm, 4-8.5 mm, and > 8.5 mm. Clinical outcomes included bone union, implant failure, and wound
complications. Functional outcomes were assessed using range of motion (ROM) and modified Hospital
for Special Surgery (HSS) knee score values.

Results Significant differences were observed in outcomes depending on wire placement. Patients with
cerclage wires < 4 mm from the bone exhibited poorer functional results, with a mean modified HSS
Knee Score of 70 + 9.2 and an average ROM of 103.6 + 42.4°. Patients with wires positioned 4-8.5 mm
from the bone demonstrated better functional recovery, achieving higher knee scores and greater ROM.
Statistical analysis confirmed that closer wire placement negatively affected clinical outcomes (p < 0.05).
Conclusion This study suggests that positioning cerclage wires too close to the bone (< 4 mm) may
impair functional outcomes despite presumed mechanical stability. An optimal distance of 4-8.5 mm
balances mechanical stability and soft tissue protection, offering improved clinical and functional results.
These findings challenge conventional surgical approaches, emphasizing the importance of precise wire
positioning in TBW procedures.

Keywords: patellar fractures; tension band wiring; cerclage wire; clinical outcomes; functional outcomes;

surgical techniques

INTRODUCTION

Fractures of the patella pose a challenge to or-
thopedic trauma management because of the
important role of the patella in the extensor
mechanism of the knee. The treatment of patel-
lar transverse fractures has traditionally been
performed using tension band wiring (TBW)
for restoration of the articular surface and early
mobilization [1, 2]. However, it is also noted
that there are methodologically more updated
approaches and meta-analyses findings which
should be incorporated to have a better per-
spective on TBW outcomes and biomechanics
[3, 4]. The configuration of the cerclage wire
in TBW, especially its distance from the bone,
is important in determining the biomechanical
stability of the fixation and therefore clinical re-
sults. Early mobilisation and good biomechani-
cal fixation reduce pain and improve quality
of life [5].

Among the biomechanical properties, stabil-
ity provided by the cerclage wire is an impor-
tant area of concern for TBW that can influ-
ence both bone-union rates and the incidence of

post-operative complications [6, 7]. The prox-
imity of the cerclage wire to the bone has specif-
ic implications for the biomechanics of the fixa-
tion [3]. For instance, Zhang et al. demonstrated
that TBW with the cerclage wire positioned near
the bone surface significantly reduces micromo-
tion at the fracture site, facilitating bone heal-
ing [8, 9]. Conversely, an increased distance be-
tween the cerclage wire and the bone may lead
to sub-optimal compression and stability, rais-
ing the risk of implant failure and delayed union
[10]. This observation underscores the need for
meticulous surgical practice and indicates that
further, specific endeavours to clarify these ef-
fects are needed [3]. Further, poor positioning
of the wire has been associated with increased
post-operative complications, including migra-
tion of the wire and soft-tissue irritation [11].
Though these problems have been described
in prior research, more elaborate investigation
and comparison with existing literature would
be helpful for a fuller understanding of optimal
positioning and its effects [3]. There is a gap
in the literature regarding the proximity of the
cerclage wire to the bone, and the safe distance
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in patellar fractures treated with tension-band wiring re-
mains under-explored. Therefore, the aim of our study was
to calculate the effect of the distance of the cerclage wire to
the bone on clinical and functional outcomes and to deter-
mine the safe distance in patients with transverse patellar
fractures treated with TBW. This will reduce the margin
of error in surgical technique and provide a touchstone
for the clinician regarding the distance of the cerclage wire
during surgery.

METHODS
Study design and population

This is a retrospective cohort study including a total of
108 patients aged 18-65 years with C1 and C2 transverse
patellar fractures (AO classification) who had undergone
TBW with two Kirschner wires. The patients were treated
between January 2015 and December 2022 at a single
tertiary-care centre. The exclusion criteria were multiple-
trauma patients, multiple fractures of the same limb, sys-
temic, metabolic and infectious diseases, application of
cerclage to tension-band wiring, use of cannulated screws,
and periprosthetic or pre-existing pathological conditions
of the knee. Such criteria were aimed at providing homoge-
neous groups of patients, thus excluding factors that could
influence results.

Surgical technique

All surgeries were performed under general anaesthesia.
A standard midline knee incision with medial parapatellar
arthrotomy was made to gain access to the fracture site.
The skin incision was deepened, and the fractures were
reduced using reduction clamps, with reduction confirmed
under fluoroscopy. From the superior pole of the patella,
two K-wires were introduced distally. The cerclage wire
was passed around these K-wires and then tightened to
compress the fracture fragments. The tips of the proximal
end were cut, and the K-wires were then bent and fixed.
The surgeon’s experience and frequency of performing this
technique were recorded to determine whether these fac-
tors influenced surgical outcomes. The knee was immobil-
ised using an immobiliser for two weeks post-operatively
to facilitate initial healing.

Post-operative care and follow-up

Patients began static isometric quadriceps-strengthening
exercises on the first post-operative day. Two weeks later,
range-of-motion (ROM) exercises were started under the
supervision of a physiotherapist. The follow-up period
included evaluations at one, three, six, 12 and 24 months
post-operation. Clinical assessments included wound
healing, pain level and functional recovery. Radiographic
evaluations were performed at each visit to assess both
fracture union and fixation integrity.
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Figure 1. X-ray image of knee with cerclage wire and K-wire fixation

Data collection

The main outcome measurement was the distance of the
wire from the bone, measured directly from the lateral
postoperative radiograph (Figure 1). A consistent measure-
ment protocol was used to ensure exact values. To ascertain
measurement validity, inter-observer and intra-observer
reliability tests were performed. The following outcomes
were evaluated: clinical and functional outcomes, incidence
of wound complications, union rates and overall clinical
follow-up. The patients’ medical records and radiographs
were critically reviewed to support interpretation of the
findings. In addition, ROM and functional outcomes were
assessed at the last follow-up using the Modified Hospital for
Special Surgery (HSS) Knee Scores [12]. The properties and
application techniques of the cerclage wires were detailed,
including material composition and tensioning method.

Statistical analysis

Data were analysed using IBM SPSS Statistics, Version
28.0 (IBM Corp., Armonk, NY, USA). Descriptive statis-
tics were summarised to provide participant demograph-
ics and clinical characteristics. Frequencies, means and
standard deviations were calculated for age, distance be-
tween the cerclage wire and bone, knee ROM values and
Modified HSS Knee Scores. Data were tested for normal-
ity using the Shapiro-Wilk test. For normally distributed
data, Student’s t-test was used, whereas Mann-Whitney
U tests were applied to non-normally distributed data.
Additionally, ROC-curve analysis determined the thresh-
old value of the cerclage-wire distance that best predicted
patients’ outcomes. Identifying the point that maximises
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the sensitivity and specificity of cerclage-wire distance for
predicting clinical and functional outcomes is essential. x*
tests compared categorical data regarding the presence or
absence of wound complications and implant failures, with
statistical significance set at p = 0.05.

Ethics: All participants provided written informed
consent prior to inclusion in the study. The study proto-
col was approved by the Institutional Ethics Committee
of Harran University (Approval No: HRU-24/11/35) and
conducted in accordance with the ethical standards of the
1964 Declaration of Helsinki and its later amendments or
comparable ethical principles.

RESULTS

This study is a retrospective cohort of 64 patients who
had undergone tension-band wiring for transverse frac-
tures of the patella. The following means and ranges
were derived from the demographic profile: mean age
(years) =44.8 + 17.1 (18-65 years) and mean follow-up
period = 15.2 + 5.4 months (range = 9-24 months). The
sex distribution comprised 35 male patients (54.7%) and
29 female patients (45.3%) (Table 1).

Table 1. Demographic data
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Figure 2. ROC curve predicting implant failure based on cerclage wire distance
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Figure 3. Modified Hospital for Special Surgery (HSS) Knee Scores by wire

distance

implant failure 10
Cerclage wire breakage 2
Cerclage wire displaced over K-wire 7
K-wire migration 1
Nonunion 2
Wound complications 3

The mean distance between the cerclage wire and
the superior pole of the patella was 6.3 + 4.03 mm. The
distance ranged 1-20.4 mm. Clinical outcomes showed
non-union in two cases (3.1%), in which partial patellec-
tomy was performed. Site complications occurred in three
wound-site cases (4.7%), and implant failures were noted
in 10 cases (15.6%) (Table 1).

We observed K-wire migration in one patient (1.6%).
Displacement of the cerclage wire over the K-wire was ob-
served in seven patients (10.9%). Wire breakage was also
observed in two patients (3.1%).

To assess the predictive value of cerclage-wire distance
for clinical and functional outcomes, ROC-curve analysis
was employed. The area under the curve (AUC) of 0.91
indicates high prognostic accuracy. This study also showed
that this distance has high sensitivity and specificity for
predicting implant failure (Figure 2).

Mean Modified HSS Knee Scores for different cerclage-
wire distance categories were plotted to visualize the effect
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of wire distance on functional outcomes (Figure 3). The
highest mean score was observed in the 4-8.5 mm cat-
egory, indicating better functional outcomes.

The effects of the distance between the bone and the
cerclage wire on knee range of motion (ROM) were investi-
gated. The knee ROM is illustrated in Figure 3 for different
distances of the cerclage wire. The data show that there is a
relationship between knee ROM and the distance from the
cerclage wire to the bone. Patients with a distance < 4 mm
had an average knee ROM of 108.6°. On average, patients
with a 4-8.5 mm distance exhibited the highest knee ROM
at 126.6°, whereas those with a distance > 8.5 mm reached
only 80.6°. These results indicate that cerclage-wire dis-
tance significantly affects knee ROM. Placing the wire close
to the bone (< 4 mm) or within the mid-range (4-8.5 mm)
increases joint flexibility [11], whereas distances > 8.5 mm
reduce motion. These findings are essential for defining an
ideal cerclage-wire-to-bone gap. Patients with a distance
between the cerclage and the superior pole of the patella
< 8.5 mm were divided into two groups: group 1 and group
2. Age, union rates, implant failures and wound-site prob-
lems were analysed, showing no significant relationship
with patient outcome. Among patients who did experience
non-union, two of them (100% of non-union cases, 3.1%
of all cases) also suffered implant failures. Of the three
patients with wound complications, two (66.7%) also ex-
perienced implant failure (3.1% of cases) (Table 2).
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Table 2. Parameter measurements

. Group 1 Group 2
Variables (> 8.5 mm) (< 8.5 mm) P
Knee ROM 1266 +17.3° | 80.6 £27.5° | >0.001
Modified HSS Knee Score 823+44 61.2+14 > 0.001

ROM - range of motion; HSS - Hospital for Special Surgery

The mean arc of motion for the knees was 103.6 + 22.4°,
ranging from 60°-150°. The arc of motion differed signifi-
cantly between the < 8.5 mm groups (p = 0.001) (Figure 3).
The mean Modified HSS Knee Score was 71.7 £ 9.2, and
individual scores ranged 45-100. The Modified HSS Knee
Score was significantly reduced for cerclage-wire distances
> 8.5 mm (p = 0.001) (Figure 2). Subgroup analysis, further
within group 1, including patients whose cerclage-wire
distances were > 4 mm and < 8.5 mm, showed that the
former subgroup of patients had significantly lower clinical
scores and ROM when compared to the latter subgroup at
4 mm and below (p = 0.03 and 0.04, respectively) (Table 3).

Table 3. Subgroup analysis

. Group 1 (> 8.5 mm)
Variables P
>4 mm 4-8.5mm
Knee ROM 120.4 +24.6° | 1329+ 10.1° 0.04
Modified HSS Knee Score 742+53 904 +3.5 0.03

ROM - range of motion; HSS - Hospital for Special Surgery

DISCUSSION

Our study aimed to evaluate how the distance that sepa-
rates the cerclage wire from the bone affects clinical and
functional outcomes in patients treated for patellar frac-
tures using tension-band wiring (TBW). With wires in
cerclage, we assumed that closer proximity would yield
better function, reflecting the traditional surgical belief
that greater mechanical stability leads to superior results.
In our results, the complications and clinical outcomes
we observed with cerclage wires mirror similar studies in
the literature. In the study conducted by Zhai et al. [13]
it was reported that all patella fractures treated with per-
cutaneous cerclage wire in geriatric patients healed and
there were no serious complications such as infection or
wire migration. In this study, one case of wire breakage was
reported after six months. Yan et al. [14], in another study,
treated combined patella fractures with a separate verti-
cal-wire method supported by a cerclage wire. According
to the study results, no complications such as loss of re-
duction, implant breakage, non-union or skin irritation
were observed during an average follow-up period of 18.9
months. Li et al. [15] evaluated patellar fractures treated
with modified cerclage wire in elderly patients. During a
mean follow-up period of 22.2 months, fracture healing
was achieved in all patients and no significant postopera-
tive complications were reported [15]. Monaco et al. [16]
compared patellar fractures treated using suture tape and
metallic cerclage wire. The study reported no significant
differences in re-operation rates, fracture-healing rates and
functional outcomes between the two methods [16].
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Our findings demonstrate that cerclage wire remains
an efficacious technique in patellar-fracture management
and, despite complications in some instances, generally
produces good clinical results. Research studies reviewed
here support the efficacy and safety of cerclage wire in
treating patellar fractures.

Our findings reveal the influence of the distance be-
tween the cerclage wire and bone on knee ROM and
functional outcomes. Modified HSS Knee Scores averaged
across different distance categories showed that the 4-8.5
mm category achieved the highest scores. This is indicative
of better functional outcomes. Therefore, we evaluated the
effects of different cerclage-wire distances on knee ROM
and their relationship. According to Yan et al. [14], using
a separate vertical-wire method with a cerclage wire at an
optimal distance yielded an average knee ROM of 131.3°.
Kumar and Kumar found that anterior cerclage-wire inser-
tion allowed knee flexion up to 125.4° [17]. Ninety-two
percent of patients in a study by Kachare et al. [18] attained
active flexion of 90° after one week following cerclage
wiring with a figure-of-eight TBW technique. It clearly
showed better functional results with correct placement
of cerclage wires at an appropriate distance.

Our results confirm the effect of cerclage-wire distance
on knee ROM and functional outcomes. Average Modified
HSS Knee Scores again showed that the 4-8.5 mm group
had the highest average score. It shows better functional
results. Zhai et al. [13] reported effective treatment with
percutaneous cerclage wire in elderly patients, with all frac-
tures healing successfully. Mahajan et al. [19] indicated
that stable fixation was achieved with low non-union rates
when cerclage wire was used in combination. Meng et al.
[20] found satisfactory clinical outcomes and low compli-
cation rates when using modified cerclage wire. A study by
Raja et al. [21] demonstrated clinical improvement and re-
duced complications with cerclage-wire application. These
findings suggest that correct use of cerclage wire improves
knee ROM and functional outcomes.

The study found that clinical outcomes and knee ROM
were better in patients with a cerclage-wire distance < 8.5
mm. Modified tension-band wire with cerclage was re-
corded to reduce postoperative complications by Yu et al.
[22]. Harna et al. [23], in surgically managed non-union
patellar fractures, demonstrated similar ROM. This is
supported by a study by Kachare et al. [18], indicating
low complication rates and rapid recovery with cerclage
or figure-eight configurations. This therefore substanti-
ates the claim that accurate cerclage-wire placement can
improve clinical outcomes. Consequently, according to
Xiang et al. [7], patients treated with absorbable cannu-
lated screws and high-strength sutures experienced less
displacement and improved clinical results. Such findings
show that positioning is crucial for cerclage-wire distance
in managing patellar fractures and, if done accurately, can
improve overall treatment success.

The study, however, has some limitations: the wide age
range (18-65 years) may introduce variability in bone qual-
ity and healing capacity that might influence outcomes
independently of surgical technique. It is further beyond
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our control that the study is retrospective, limiting adjust-
ment for potential confounders.

Another limitation is that fractures were classified by
AO type, which could bias results for more complex pat-
terns [24]. Some patients had immobilisation for up to four
weeks, especially those with implant failure. This could
theoretically affect knee ROM and recovery, confounding
the effects attributed to cerclage-wire distance.

To overcome these limits and better validate our results,
future prospective studies with narrower age ranges and
stronger design are required. Further histological analyses
may unveil mechanisms underlying the biological impact
of cerclage-wire proximity on surrounding soft tissues. In
general, our study highlights an understudied aspect of pa-
tellar-fracture treatment. By addressing this gap, we add to
refined knowledge of TBW techniques that should foster bet-
ter surgical outcomes and more-precise treatment protocols.
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CONCLUSION

This study assessed the effect of cerclage wire proximity
to the bone in tension band wiring for patellar fractures.
Contrary to common traditional belief, it was found that
wires placed very close to the bone (4 mm and below) re-
sulted in poorer outcomes. This has important implications
for wire placement: Mechanical stability must be weighed
against tissue integrity, specifically avoiding adverse ef-
fects on the quadriceps muscle. These findings challenge
existing surgical dogma and suggest that further research
is needed to refine surgical guidelines that balance both
biomechanical and biological considerations for the ulti-
mate benefit of patient outcomes.
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[la im 61nxKe NocTaB/bakbe CepKAaXKHe Xuue nobo/bluasa GyHKLMOHAIHE
pe3ynTate puKcaymje npesoma natene TeH3MOHOM KUYAHOM TPAKOM?

Jawap Camet lokueorny', LLiaxuH Kapanap?, MetuH Jantu', Anu JleBeHT®

'HacTaBHo-ncTpaxuBauka 6onHuua, Mexmet Aknd VHan', Onerbetbe 3a optoneaujy 1 Tpaymatonorujy, Lannunypda, Typcka;
*Yuusep3utet,Megunon”y ctanbyny, MegnunHckin dakyntet, Ogerbetrbe 3a optoneaujy 1 Tpaymatonorujy, Victanbyn, Typcka;
*MpuBatHa 6onHMLa,MeTponajd’, Onerbetbe 3a optoneawjy 1 Tpaymatonorujy, LaHnunypda, Typcka

CAMXETAK

YBoa/LUum Mpenomu natene Hajueluhe ce prKcrpajy TEXHUKOM
TEH3VIOHE XYaHe Tpake. PacTojare n3mehy cepknaxHe XuLe 1
ropH-€r rona natesie cMatpa ce NPecyaHUM 3a XUPYPLUKU UCXOL,.
Linm ctyauje 6o je ga npoueHn yTuLaj oBor pacTojarba Ha
KNMHUYKe 1 QyHKLMOHANHe pe3ynTare.

MeTope CnpoBefeHa je peTPOCNEeKTUBHA KOXOPTHa CTyAMja
Koja je obyxBaTuna 64 6onecHviKa c NONPEYHVM NPENOMOM Na-
Tene fleYeHnX TEXHUKOM TEH3MOHE XuyaHe Tpake. bonecHnum
Cy MOAEbEHN Y TPV rPyre Ha OCHOBY YAA/bEHOCTY CepPKIaXHe
Xuue on Koctu: < 4 mm, 4-8,5 mm v > 8,5 mm. KnnHn4Kmn ncxo-
[1 00yXBaTWIIN Cy CpacTakbe KOCTU, OTKa3MBake UMMJIaHTaTa 1
KomnnvKauuje paHe, oK ¢y GYHKLMOHANHN NCXOAW OLeHMBa-
HV Ha OCHOBY OMcera NMokpeTa 1 MoanduKoBaHe HSS (Hospital
for Special Surgery) oueHe 3a KoneHo.

PesynTtatu Vcxogm cy 3HauajHO Bapupanu y 3aBUCHOCTY Of
nosioxaja »xuLe. bonecHMUM Ko Kojux je cepKnaxHa xuua 6una
NMOCTaB/bEHA Ha Makbe 0y 4 Mm Of KOCTV NMOCTUIN Cy criabuje
dyHKUMOHanHe pe3ynTaTte (cpeatba mogudukosaHa HSS oue-

DOI: https://doi.org/10.2298/SARH241121040G

Ha 70 £ 9,2; npoceyaH oncer nokpeta 103,6 + 42,4). Haj6ormbu
ornopaBak 3abenexeH je kof 6onecHnKa ca *MLOM yAarbeHOM
4-8,5 mm, Koju cy ocTBapwn BULLE OLieHe GYHKLMje KoneHa
v Behn oncer nokpeta. CraTncTiyKa aHanu1sa noTepauna je aa
6nmKe nocTaBbatbe XMLie HeraTVBHO yTHYe Ha KIIMHWYKE nC-
xoge (p < 0,05).

3aksmyuak [ocTaB/batbe cepknakHe uLe cyBuLLe 613y KocTu
(< 4 mm) moxe Aa HapyLwu GyHKLVOHaNHe pe3ynTaTe YnpKoc
OYEKMBaAHOj MeXaHNYKoj cTabunHocTy. ONTUMANHO pacTojakbe
og 4-8,5 mm o6e36ehyje 60sby paBHOTEXY 13MeDy MexaHUUKe
CTabMNHOCTY 1 3aLLUTKTE MEKOT TKUBA, LITO AOBOAN A0 NO60sb-
WaHUX KIMHWUYKUX U GYHKLMOHANHNX ncxoaa. OBM Hanasu
AOBOJe Y MUTatbe KOHBEHLMOHaNHE XMPYpPLUIKE NPUCTYne 1
HarnalaBajy 3Hayaj NpeL3Hor NO3ULMOHNPatba XKL Y Tex-
HULIM TEH3VIOHE XKI1YaHe TpaKe.

Kn;yl-me peun: npenomu natene; TeH3NMOHa XnU4yaHa Tpaka;

CepKaxHa »unua; KNMHNYKKN ncxoaun; d)yHKLWIOHaﬂHI/I ncxoaun;
XNPYPLIKe TEXHNKE
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Cranial ultrasound as a complementary method

to the general movements assessment in preterm
infants for predicting the neurological outcome - a
single center experience
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Vuk Pejcic?, Vukota Radovanovic?

'University of Ni$, Faculty of Medicine, Department for Physical Medicine and Rehabilitation, Nis, Serbia;
2Ni$ University Clinical Centre, Physical Medicine and Rehabilitation Clinic, Nis, Serbia

SUMMARY

Introduction/Objective Implementing cranial ultrasound (CUS) into daily clinical practice represents a
major advance in the diagnosis and treatment of newborns. Preterm birth is considered a risk factor for
abnormal neurological development. The study aimed to evaluate the significance of CUS in preterm
infants as a complementary method to the General Movements Assessment for predicting neurological
outcomes. The study focused on a cohort of infants without significant neonatal morbidity.

Methods The study included 160 preterm infants and was designed as a prospective clinical study. Sta-
tistical analysis included cranial ultrasound findings and the assessment of spontaneous motor activity
in the first five days after birth (“Writhing” period), perinatal data, and pregnancy data.

Results There was a statistically significant association between abnormal CUS findings and cerebral palsy
in the final neurological outcome (p < 0.001). Pathological CUS findings were significantly more frequent
in preterm infants born before 30 weeks of gestation (p < 0.001), those delivered by cesarean section (p <
0.001), and infants with an Apgar score < 8 at one and five minutes (p < 0.001). The specificity of a normal
CUS was 86% but increased to 100% when combined with a normal General Movements Assessment.
Conclusion This research confirms that CUS can be a valuable tool for predicting neurological outcomes
in preterm infants. It can provide data that can guide the judicious use of different monitoring methods
and rationalize their examinations.

Keywords: preterm infants; cranial ultrasound; General Movements; Prechtl’s method; neurodevelop-

mental outcome

INTRODUCTION

Motor development in newborns, infants, and
young children relies on the health of the cen-
tral nervous system (CNS), and is influenced
by genetic patterns and external stimuli. Mental
and motor development are closely connected,
with significant neurological changes occur-
ring within the first days and months of life.
To assess these changes accurately, repeated
evaluations, or developmental monitoring, are
essential, as a single assessment may not detect
certain neurological issues due to the immature
CNS’s variable responses [1, 2, 3].

Special clinical attention is drawn to new-
borns who have some risk of developing disor-
ders of the CNS. The most common perinatal
factors are prematurity, low birth weight of the
newborn, low Apgar score, multiple pregnan-
cies, birth trauma, inadequate presentation of
the fetus, and termination of delivery by ce-
sarean section (C-section) [3-6]. Premature
newborns (born before the gestational age of
37 weeks) have a higher risk of sudden death
syndrome and complications in general, com-
pared to full-term infants [7, 8, 9].

Apart from the neurological and neuro-
kinesiological examination of newborns and

infants, additional diagnostic methods used
in clinical practice to detect neurological ab-
normalities are cranial ultrasound (CUS) ex-
amination and magnetic resonance imaging.
Implementing CUS into daily clinical practice
represents a major advance in the diagnosis and
treatment of newborns [10-13].

The general motor assessment (GMA) in
premature infants is defined as a high-certainty
method for predicting neurological outcomes.
Still, this type of examination should only be
performed by a trained and certified physi-
cian, who is not available in every hospital [14,
15, 16]. For that reason, this study aimed to
evaluate the significance of the initial CUS in
preterm infants as a widely available, comple-
mentary method of examination to GMA for
predicting neurological outcomes.

METHODS

This study was designed as a prospective clini-
cal study and included preterm infants (gesta-
tional age < 37 weeks), born in the Gynecology
and Obstetrics Clinic of the University Clinical
Center Ni$ between 2012 and 2014. During
this study period, 7 142 children were born
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at the University Clinical Center NiS. Among them, 629
(8.8%) were born prematurely. All children who had any
serious perinatal complications such as sepsis, necrotiz-
ing enterocolitis, and lung disease were excluded from
the study. Additionally, some of the preterm infants were
excluded from the study due to the presence of deformi-
ties or congenital anomalies, as well as genetic syndromes
of a newborn, invalid video recordings of neonatal mo-
tions, parental refusal to participate in the study, or non-
attendance in the follow-up in our institution. A two-year
follow-up was completed for 160 preterm infants, and they
were analyzed in this study.

For each infant included in the research, detailed peri-
natal data were taken: sex, gestational age / gestational
weeks (GW) (< 30 weeks; 30-37 weeks), body weight at
birth, body length at birth, head circumference, Apgar
score value at the first and fifth minutes, data on method
of delivery (C-section or not), data on multiple (twin)
pregnancy and CUS findings.

GMA was carried out according to the basic principles
of the Prechtl method within five days after the birth
(“Writhing” period) and was based on video analysis and
performed by a licensed person for GMA expertise [14,
15, 16]. To get good video recordings (lasting up to 25
minutes), the baby needed to be awake, calm, not crying,
with open eyes, without irregular breathing, and moving
(“State 4”). For premature babies younger than 36 GW,
recordings were made when they started moving, even if
they were asleep.

General movements (GMs) were classified into four
types [14, 15, 16]:

1. Normal Writhing Movements (N): smooth, twisting
movements with low to moderate strength and slow
to moderate speed, oval or twisting in shape;

2. Poor Repertoire (PR): limited variety and less com-
plex than normal (baby starts a movement but doesn’t
finish it, making the sequence look incomplete or
broken);

3. Cramped Synchronized Movements (CS): abnormal
movements where the muscles of the body and limbs
tighten and relax at the same time; movements are
stiff and lack the smooth flow of normal writhing
movements;

4. Chaotic Movements (CH): sudden, jerky movements
with very large and random motions of the arms and
legs, uncoordinated with a lack of smoothness or pat-
tern.

Definitive neurological outcome was assessed based
on a detailed neurological examination at the age of 24
months (corrected calendar age). The examination was
performed by a certified neurologist specializing in pediat-
ric neurology. Neurological outcome was classified as nor-
mal findings (completely normal neurological findings);
minimal neurological dysfunction (MND), according to
Touwen Infant Neurological Examination criteria or non-
specific signs without clear and definitive signs of cerebral
palsy [17, 18]; cerebral palsy (CP) was classified according
to Surveillance of Cerebral Palsy in Europe criteria [19].

‘ DOI: https://doi.org/10.2298/SARH250428046Z
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CUS examination was performed with LOGIQ™ (GE
Healthcare, Chicago, Il, USA) machine with a high-frequen-
cy linear probe (7-11 MHz) within five days after the birth.
Repeat CUS examination was performed two weeks after the
birth, but statistical analysis included only the findings of the
first examination. All CUS examinations were performed by
the same person and categorized into five groups of interest
(according to the guidelines from the ELGAN study [13]
and Prechtl’s recommendations 14, 15, 16]):

o CUS 1 - normal finding;

o CUS 2 - hyperechogenicity of the brain parenchyma

lasting up to 14 days;

o CUS 3 - hyperechogenicity of the brain parenchyma

that lasts longer than 14 days;

o CUS 4 - intraventricular hemorrhage;

o CUS 5 - periventricular leukomalacia.

The medical doctor who analyzed spontaneous motor
activity in newborns and the medical doctor who analyzed
CUS findings did not have access to any results or data on
the newborns.

Statistical analysis was conducted using IBM SPSS
Statistics, Version 20.0 (IBM Corp., Armonk, NY, USA).
The normality of continuous variables in defined groups was
determined. Anthropometric mode values were presented
as percentiles based on child growth standards. Continuous
variable comparisons between groups utilized the Mann-
Whitney test, while qualitative variables were analyzed with
Pearson’s * test. For category variables with samples fewer
than 5, Pearson x* or Fisher’s exact tests were used. To evalu-
ate the CUS method, sensitivity, specificity, positive predic-
tive value (PPV), negative predictive value, and diagnostic
odds ratio (DOR) were calculated based on normal CUS
findings and final neurological outcomes. A two-tailed p-
value of < 0.05 was considered statistically significant.

Ethics: The study was performed in line with the
Declaration of Helsinki and approved by the Ethics Board
of the University Clinical Center Ni$ (Decision No. 5718/1).

RESULTS

A statistically significant difference in neurological out-
come after 24 months existed between infants born be-
fore and after 30 weeks (p < 0.001). Lower body weight of
newborns (p < 0.001), body length (p < 0.05), and Apgar
score at the first and fifth minutes (p < 0.001) were statis-
tically significantly associated with a worse neurological
outcome. The prevalence of different types of GMs in the
observation period of up to five days differed statistically
significantly between the different outcomes (p < 0.001).
The outcome after a follow-up of 24 months was normal
in 124, qualified as MND in 22, and diagnosed as CP in
14 preterm infants (Table 1).

Pathological CUS findings were statistically significant-
ly more common in preterm infants born before 30 GW
(p < 0.001), delivered via C-section (p < 0.001), and those
with an Apgar score < 8 at both the first and fifth minutes
after birth (p < 0.001) (Table 2).
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Table 1. Clinical characteristics of subjects according to outcome after 24 months

Outcome after 24 months .
L -~ Summarized
Clinical characteristics Normal MND cP (n = 160) p
(n=124) (n=22) (n=14)
a,b, H
mgggf:l‘l’:_ar'naa‘—i’g 35 (29-36) GW 35 (33-35) GW 29 (27-29) GW 35 (27-36) GW 0.014
> 30 weeks 122 (98.39%) 22 (100%) 0 (0%) 144 (90%) <0.001
< 30 weeks 2(1.61%) 0 (0%) 14 (100%) 16 (10%) ’
ce Female 60 (48.39%) 10 (45.45%) 8(57.14%) 78 (48.75%) 0.78
2Sex §
Male 64 (51.61%) 12 (54.55%) 6 (42.86%) 82 (51.25%)
i No 92 (74.19%) 18 (81.82%) 14 (100%) 124 (77.5%)
Twins 0.079
Yes 32(25.81%) 4 (18.18%) 0 (0%) 36 (22.5%)
X No 80 (64.52%) 12 (54.55%) 6 (42.86%) 98 (61.25%)
2Caesarean section 0.227
Yes 44 (35.48%) 10 (45.45%) 8(57.14%) 62 (38.75%)
p— -
Birth weight (9) 2150 (2000-2350) | 1750 (1350-2400) | 1320 (1250-1350) | 2125 (1250-2400)
mode (min-max) 18.9% 3.4% 5719 18.9% < 0.001
mode in percentiles 270 7 o o
—
rﬁgg; 'E’;?X_'ﬁg%h (cm) 45 (42-47) 44 (43-45) 39 (35-40) 44 (42-47) 0021
0, 0, 0, 0, N
mode in percentiles 24.5% 14.9% 55.2% 14.9%
PHead circumference (cm)
X 30(29-32) 30 (28-32) 28 (26-29) 30 (26-32)
mode (min-max) 7.5% 7.5% 75.2% 7.5% 0.114
mode in percentiles
bApgar score
(1- minute) 8 (8-9) 8 (8-8) 6(1-7) 8(1-9) <0.001
mode (min-max)
PApgar score
(5- minute) 9(8-9) 8(8-8) 7 (5-8) 9(5-9) <0.001
mode (min-max)
2GMs within 5 days
N 94 (75.81%) 0 (0%) 0 (0%) 94 (58.75%)
PR 30 (24.19%) 22 (100%) 2 (14.29%) 54 (33.75%) <0.001
cs 0 (0%) 0 (0%) 12 (85.71%) 12 (7.5%) '
M 0 (0%) 0 (0%) 0 (0%) 0 (0%)

MND - minimal neurological dysfunction; CP - cerebral palsy; GW - gestational weeks; min — minimum; max — maximum; GM - general movements; N - normal
writhing movements; PR - poor repertoire; CS - cramped synchronized movements; CM - chaotic movements;

2Pearson’s x* test;

®Mann-Whitney test

Table 2. Distribution of normal and abnormal cranial ultrasound findingsinrela-  for up to 14 days. Additionally, two preterm in-

tion to clinical characteristics of preterm newborns fants diagnosed with MND had scores of 1 in
Cranial ultrasound finding the first minute and 2 in the fifth minute, with
Clliftezlle evire raifladies Norrggl Abnoréﬂal P hyperechogenicity lasting longer than 14 days.
e i) Due to the small sample size, more research is
Female (n=78) 52 (66.7%) | 26(33.3%) SN .
Sex 0.108 necessary to draw definitive conclusions about
Male (n = 82) 44 (53.7%) | 38(46.3%) .
this subgroup.
. >30 weeks (n=144) | 94 (65.3%) | 50 (34.7%) . . .. R
Gestational age <0.001 Previously determined statistically significant
<30weeks (n=16) | 2(12.5%) 14 (87.5%) .. e s
clinical characteristics of preterm infants for the
Twins No (n=124) 76 (61.3%) | 48(38.7%) 0.566 final out 1 h d a statisticallv signifi
wi B -
Yes (n = 36) 20 (55.6%) | 16 (44.4%) lnat Olll fome a ;OCS:UOSV\;C ;S a ISTICbal };)Slgnl !
Cosarenn sectio No(n=98) | 70(714%) | 28(286%) | CanT rlfla ilo,n glt N md ings (Ta fe )
e n section . -
Yes (n = 62) 26 (41.9%) | 36 (58.1%) 1a e f11(11.1cates that Hevujltlon;. rom fu})lr
9(n=52) 38(73.1%) | 14 (29.6%) mal CUS findings are sma estin su Je.cts Wlt a
ér_’ga_r sc;o)re 8(n=82) 52(634%) | 30(36.6%) | <0.001 norm.al ﬁnal neurological outcome. A .s1gn1ﬁcant
minute <8(=26 623.1%) | 20 (76.9%) association was observed betweerll CP in the final
9 (n=90) 64 (71.7%) | 26 (28.9%) outcome ailnd abnorrI.1a1 .CUS ﬁn<.11ngs.(p < 9.001).
gﬁ%ﬁ;;ﬁge 8(n=52 30 (57.7%) | 22 (423%) | <0.001 Pathological CUS findings varied significantly
<8(n=18) 2(111%) | 16 (88.9%) among the groups based on final neurological

outcomes (normal, MND, CP) (p < 0.05). Altered

findings were most prevalent in subjects with CP
Among six preterm infants with an Apgar score of 1  and least frequent in those with a normal outcome.

in the first minute, four scored 2 and two scored 5 in the Table 5 indicates that a normal CUS finding has a high

fifth minute. Four developed CP, with two having scores  specificity of 72.2% for a normal final neurological out-

of 1 and 2, and two with scores of 1 and 5. All CP cases  come, though its sensitivity is lower at 67.8%. The speci-

showed hyperechogenicity of brain parenchyma detectable  ficity of normal CUS findings improves when assessing

Pearson’s x? test
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Table 3. Distribution of different cranial ultrasound findings in relation to previously sig- up to 25%. In newborns who weigh < 1000
nificant clinical characteristics of preterm newborns

g, this frequency is up to 40%. Extremely low

Climical characterist (Seialifig el ding birth weight and extremely low gestational age
nical characteristics cUst CUs2 1 CUS3 | CUS4 | CUS> o represent a strong predisposition for long-term
(n=96) | (n=36) | (n=20) | (n=6) | (n=2) . . .
> 30 weeks 94 30 18 5 o complications, including CP/MND [9, 20].
Gestational | (n = 144) (653%) | (208%) | (125%) | (14%) | (©%) | Prechtl found that increased brain tissue
age <30 weeks 2 6 2 4 2 | < echodensity is temporary and has limited
(n=16) (125%) | (37.5%) | (125%) | (25%) | (12.5%) prognostic value when lasting less than two
No 700 160 80 % 20 weeks [12]. Other studies recommend the first
Cesarean | (n=98) (71.4%) | (16.3%) | (8.2%) | (%) | %) |, oo CUS on the third day after birth and a follow-
ection | Yes 2| 60 | oz | e | oo before the end of two weeks [21]. T
(n=62) (41.9%) | (323%) | (194%) | (6.5%) | (0%) up belore the end ol two weeks [21]. 1n our
9 38 12 5 0 0 study, 96 subjects (60%) had normal CUS find-
A (n=52) (73.1%) | (23.1%) | (3.8%) | (0%) | (0%) ings at the first examination. Among them, 10
poar 52 16 12 2 0 had MND, and two were diagnosed with CP.
score <0.001 ’ ’
(1-minute) |1 =82) (634%) | (19-5%) | (14.6%) | (24%) | (0%) Both infants were born before 30 GW, suggest-
<8 6 8 6 4 2 ing that their early preterm birth affected the
(n=26) (23.1%) | (30.8%) | (23.1%) | (15.4%) | (7.7%) turati f their CNS
9 ” 18 8 o o maturation of the S. '

A (n=90) (71.1%) (20%) (8.9%) (0%) (0%) Our study on CUS flndlngs shows differ-
pgar ences compared to existing literature, likel
score 8 _5y 7320 1 130 1 Eil" 80 20 <0.001 P g .Y
(5-minute) | (N=52) (57.7%) | (19.2%) | (154%) | (8.9%) | (3.8%) due to the smaller sample sizes often used in
<8 2 8 4 4 0 those studies [21]. For instance, a large study

= 0y 0 0y 0y 0,
(n=18) (114%) | (444%) | (222%) | 222%) | (0%) of premature infants born after 33 weeks of

CUS 1 - normal finding; CUS 2 - hyperechogenicity of the brain parenchyma lasting up to 14 days;

CUS 3 - hyperechogenicity of the brain parenchyma that lasts longer than 14 days;
CUS 4 - intraventricular hemorrhage; CUS 5 - periventricular leukomalacia;

Pearson’s x? test

gestation noted pathological CUS findings in
13%. The authors highlighted that even slight
differences in gestational age can affect CUS

Table 4. Distribution of different cranial ultrasound findings in relation to different neuro-  specificity, complication rates, and neurologi-

logical outcomes

cal outcomes [22]. While some studies report

that C-section is not significantly linked to

P poor neurological outcomes, factors like Apgar
scores and head circumference are associated

with these outcomes [22, 23]. In contrast, our

study found a significant association between
<0.001 C-section delivery and unfavorable neurologi-

cal outcomes, likely influenced by the overlap
of low Apgar scores and head circumferences

in C-section cases.
The availability of CUS as a diagnostic meth-

od and its application in daily clinical practice

represents a major diagnostic advance. In a re-
0.003 cent study, normal CUS findings have a PPV

) Cranial ultrasound finding

Neurological
e Normal Abnormal

(n=96) (n=64)
Normal 84 40
(n=124) (67.74%) (32.26%)
MND 10 12
(n=22) (45.45%) (54.55%)
CcpP 2 12
(n=14) (14.29%) (85.71%)

CusS1 CuUs2 CuUs3 cus 4 CUS5

(n=96) (n=36) (n=20) (n=6) (n=2)
Normal 84 28 12 0
(n=124) (67.74%) (22.58%) (9.68%) (0%) (0%)
MND 10 4 6 0
(n=22) (45.45%) (18.18%) (27.27%) (9.09%) (0%)
CcpP 2 4 2 2
(n=14) (14.29%) (28.57%) (14.29%) (28.57%) (14.29%)

for the final normal neurological outcome of
89.4%, and PPV increases to 97.9% for a final

MND - minimal neurological dysfunction; CP - cerebral palsy; CUS 1 - normal finding;

CUS 2 - hyperechogenicity of the brain parenchyma lasting up to 14 days; CUS 3 - hyperechogenicity
of the brain parenchyma that lasts longer than 14 days; CUS 4 - intraventricular hemorrhage;

CUS 5 - periventricular leukomalacia

Pearson’s x? test

outcomes without CP or with CP. Combining CUS and
GMA achieved 100% specificity and PPV in ruling out
deviations from normal neurological outcomes.

DISCUSSION

Periventricular subependymal hemorrhage and intra-
ventricular hemorrhage are complications that usually
occur in the first days after birth and are characteristics
of premature babies. Frequency of these hemorrhages in
newborns who weigh < 1500 g and are < 32 GW of age is

‘ DOI: https://doi.org/10.2298/SARH250428046Z

neurological outcome that excludes CP. These
results indicate that the subjects with a normal
finding on the CUS may have a pathological
neurological outcome and it correlates with the
already described studies. Recent research sup-
ports the fact that the pathological CUS finding has a predic-
tive value for later neurological deviations. The sensitivity
of these findings was not high, which indicates the need to
follow up on the development of children who, in the first
five days after birth, had abnormal findings, either during
the examination by CUS or during the GMA. Pathological
CUS findings are statistically significantly more frequent in
subjects who had CP in the final outcome (p < 0.05).

The diagnostic odds ratio of CUS findings without pa-
thology in all examined combinations is > 1, which im-
plies the ability of the single method to determine the final
outcome. DOR doubles in the case of determination of

Srp Arh Celok Lek. 2025 May-Jun;153(5-6):265-271
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Table 5. Distribution of different cranial ultrasound findings in relation to final neuro-

logical outcomes and evaluation of the method significance

Future research should involve more
infants (both “low-risk” and “high-risk”),

Gaiefing S T especially those under 30 GW, and a more
ificity = O . . .
hionaliwdbnormal B ESpesiie yisi2s0 detailed categorization of CUS and neuro-
i 0y 0 = [v) —
Net‘"°|°9'ca| Normal | 84(67.7%) | 40 (32.3%) PPV =89.4% p=0.005 logical outcomes could enhance the findings’
outcome 0 9 = 9 . o . . .
Abnormal | 10(27.8%) | 26 (72.2%) | NPV =39.4% applicability. Studies indicate that preterm
St S DS.R ; 5'4230/ infants can show abnormal GM in the first
neing en?'.“.” Y =05 week after birth, often due to factors like
Normal | Abnormal | Specificity = 85.7% . .
electrolyte imbalances or changes in cerebral
Neurological Non-CP 92 (63%) 54 (37%) PPV =97.9% p=0.018 . .
blood flow, despite later having normal neu-
outcome cpP 2(14.3%) | 12(85.7%) NPV =18.2% . . .
DOR = 1026 rological outcomes. To prevent misleading
CUS and GMA finding | Sensitivity = '51 % results, it is recommended that the first GM
Normal | Abnormal | Specificity = 10'0% evaluation be conducted after the first week
Neurological | Normal | 64 (48.4%) | 60 (51.6%) PPV=100% | p < 0.001 (25]. In our study, we performed the first
outcome | Abnormal | 0(0%) | 36 (100%) NPV =37 5% GMA earlier due to some newborns leav-
DOR = infinity ing the maternity ward before this period,
CUS and GMA finding | Sensitivity = 43.9% following Prechtl’s recommendations [14,
Normal | Abnormal | Specificity = 100% 15] while excluding those with significant
Neurological Non CP 64 (43.8%) | 82 (56.2%) PPV = 100% p=0.038 complications. All newborns with normal
outcome cP 0(0%) | 14(100%) NPV = 14.6% GM findings at the initial evaluation had a
DOR = infinity normal neurological outcome at 24 months.

CUS - cranial ultrasound; CP - cerebral palsy; GMA - general movements assessment;
PPV - positive predictive value; NPV - negative predictive value; DOR - diagnostic odds ratio;
Pearson’s x? test and determination of the sensitivity, specificity, PPV, NPV, and DOR

non-CP/CP in the final outcome (DOR = 10.26) compared
to normal/abnormal determination (DOR = 5.42). A DOR
value > 10 indicates excellent diagnostic value. Results
combining CUS and GMA are impressive. In the case of
determining DOR about non-CP/CP in the final outcome
as well as normal/abnormal final outcome, DOR tends to
infinity because in no case of both normal CUS findings
and normal GMA findings did MND or CP develop.

In this study, 100% of preterm infants with periven-
tricular leukomalacia developed CP, which is in agreement
with the research of other authors who indicate the high
predictive value of this finding for the later development
of CP [24]. All subjects with a finding of intraventricular
hemorrhage had one of the pathological outcomes (MND/
CP) in the final outcome. Periventricular echodensity in
the frontal white matter, which disappeared for up to 14
days, did not affect spontaneous motor activity, but peri-
ventricular echodensity in the same zone lasting longer
than 14 days was associated with abnormal development
of spontaneous motor activity.

A recent study included a limited number of preterm
infants due to various exclusion criteria, primarily focusing
on those born at or above 30 GW, which comprised 90% of
participants. Most infants were not delivered via C-section
or from twin pregnancies. After a 24-month follow-up,
most subjects showed normal neurological findings; how-
ever, the majority of those who developed CP were born
before 30 GW (14 out of 16). This suggests that insufficient
maturity of the CNS may be a contributing factor. Given
that preterm infants with serious complications were ex-
cluded from this study, it should be emphasized that results
show the prognostic values of CUS and GMA for relatively
“low-risk” preterm infants. This fact represents a limiting
factor for the generalizability of our results.
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GMA has better predictive value in later
periods of development, with the best pre-
dictive value in the “fidgety” period (50-54
GW) [14, 15, 16]. Recognizing the impor-
tance of initial examinations and effectively incorporating
them into practice is crucial for timely therapy application.
This study suggests that developing a prognostic model for
predicting neurological outcomes in a larger, multicen-
tric study could be beneficial. This model should integrate
GMA and CUS findings along with statistically significant
perinatal clinical characteristics and pregnancy data from
preterm cases.

CONCLUSION

This study highlights the strong link between clinical
characteristics, CUS findings, and neurological outcomes
in preterm infants. Pathological CUS findings were more
prevalent in those born before 30 weeks of gestation,
delivered by C-section, and with lower Apgar scores.
Normal CUS results were highly specific for normal
neurological outcomes, especially when combined with
GMA. Prolonged hyperechogenicity and conditions like
periventricular leukomalacia were significant predictors
of CP. These findings underscore the importance of early
multimodal diagnostics, particularly CUS and GMA, in
predicting long-term neurological outcomes and guiding
interventions.
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KpaHujanHu ynTpassyK Kao KOMNJeMeHTapHa MeTOAa NPOLLEHU ONWITUX NOKpeTa
Kog, npespemeHo poheHe aeue 3a npeasuhatbe KOHAYHOT HEYPONOLWKOT UCX0AA —

MCKYCTBO jeAHOr LieHTpa

[parax 3nataHosuh'? XpuctHa Yonosuh'?, BecHa Kuekosuh'? Annta CraHkosuh'? Munuua Koctuh? Byk Mejuni?,

Bykota PagoBaHoBuh?

'YHuep3uteT y Huiwy, MeanunHckmn dpakyntet, Katefpa 3a drsnkanHy meamumHy n pexabunutauujy, Huw, Cp6buja;
2YHNBEP3UTETCKI KNUHUYKM LieHTap y Huwy, KnuHuka 3a dpusnkanHy meguuuHy u pexabunutauujy, Huw, Cpbuja

CAMETAK

YBoa/Liwm lMprimeHa eHfoKpaHujanHor yntpassyka (EY3) y csa-
KOAHEBHO] KNMHWNYKO]j MPaKcy NpeAcTaB/ba BENMKI Hanpeaak y
IMjarHoCTVLM 1 Neyetby HoBopoheHYaau. MpeBpemeHmn nopo-
haj cmatpa ce dakTopom pusuka 3a nopemehaj HeyponoLKor
pa3Boja. Linmb cTyaunje 6vo je ga ce npoueHm 3Havaj EY3 kop
npeBpeMeHo poheHe AeLie Kao KOMMIEMEHTapHe MeTOAE Npo-
LieH OMLUTVX NMOKPETa 3a Npeasuharbe KOHAYHOT HEYPOSOLLKOT
ncxoga. Cryamja je 6vna pokycrpaHa Ha KOXopTy HOBOpPOheH-
yagu 6e3 3HayajHOr HeOHaTaHOT MOpP6UANTETA.

MeToge Crtyauja je obyxBatuna 160 npeBpemeHo poheHe
JeLe 1 OCMULL/bEHa je Kao MPOCNeKTVBHA KIIMHMYKa CTyAmja.
CraTucTnyKa aHanm3a je obyxsaTuna Hanase EY3 n npoueHy
CMOHTaHe MOTOPMYKe akTUBHOCTW y MPBUX MET faHa HaKOH
poheta (writhing nepuog), neprHaTanHe nogatke 1 nogaTke
0 TpyAHohu.

Pesynrtaty CTaTMCTUYKM 3HaYajHa MOBE3aHOCT NOCTOjana je
n3mehy rpyne fele Kog Koje je LepebpanHa napanusa 3abe-

Srp Arh Celok Lek. 2025 May-Jun;153(5-6):265-271

nexeHa y KOHaYHOM HeypOJIOLWKOM NCXOAY 1 abHOPManHMX
Hanasa EY3 (p < 0,001). Cratnctnykm 3HavajHo yewwhu natono-
wku EY3 Hana3 npoHaheH je Koa npeBpemMeHo poheHe fele
npe 30. Hegerbe rectauuje (p < 0,001), HoBopoheHuaam poheHe
Lapckmnm pesom (p < 0,001) 1 oHKX Koju cy nmanu Anrap ckop
Matbl 0ff 0CaM Y NMPBOM ¥ METOM MUHYTY HaKOH pohera (p <
0,001). CneundruHocT HopmanHor EY3 je 86%, anu ce nosehasa
Ha 100% Kafa ce KOMOVHYje ca HOpMaHMM HanasoMm onLuTe
MOTOPUYKE aKTUBHOCTM KO NPeBpeMeHo poheHe aeLe.
3akmyuak OBo ncTpaxmBatbe noTephyje aa EY3 moxe 6utn
3HauajHa MeTofa 3a npeaBuhatbe HeYPOOLKIX NCXOAQ, MOXeE
NPYXNTU NOAATKE 33 KPUTUYKY YNOTpeby pasnuuntux metoga
npahera NpeBpemMeHo poheHe AeLie 1 MOXe paLioHanN30BaTK
bIIXOBE Npernege.

KrbyuHe peun: npeBpemeHo poheHa feLa; eHAOKpaHujanHmu

YNTPa3ByK; OMLTU NOKpeTw; [pexTnioBa MeToAa; Heypopas3BojHU
ncxopn
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CASE REPORT / MPUKA3 BONNECHUKA

Care of a patient with heat stroke combined with
multi-organ failure treated with extracorporeal
membrane oxygenation combined with continuous
renal replacement therapy

Haiying Li, Lu Yan, Fang Cheng, Jinting Lang, Ying Li
Department of Critical Care Medicine, Jin Cheng People’s Hospital

SUMMARY

Introduction Heat stroke (HS) can cause many complications, including acute kidney injury and acute
respiratory distress syndrome. To date, the use of extracorporeal membrane oxygenation (ECMO) com-
bined with continuous renal replacement therapy (CRRT) in the treatment of patients with HS and multiple
organ failure has not been studied. We describe a patient with HS who was treated for the first time with
ECMO combined with CRRT. This case report aims to contribute insights into the clinical management of
heat -related illness by disseminating information pertaining to the treatment processes.

Case outline A 34-year-old male patient with HS and multiple organ dysfunction was admitted to the
intensive care unit (ICU) for emergency symptomatic treatment. The comprehensive diagnosis encom-
passed HS, multiple organ dysfunction syndrome, electrolyte imbalance and hypoalbuminemia. The
patient’s vital signs, including heart rate, blood pressure, respiratory rate and oxygen saturation, were
monitored, and ECMO and CRRT life-support therapies were rapidly applied. The patient was success-
fully weaned off ECMO, CRRT, and mechanical ventilation, and showed stable vital signs; thereafter, he
was transferred out of the ICU.

Conclusion This case demonstrates that prompt symptomatic treatment and early ECMO combined with
CRRT can effectively treat patients with severe HS. Additionally, it is crucial for healthcare professionals to
be vigilant in detecting changes in the patient’s vital signs and to collaborate effectively in administering
the necessary treatments.

Keywords: heat stroke; acute respiratory distress syndrome; extracorporeal membrane oxygenation;
continuous renal replacement therapy; nursing care
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INTRODUCTION

Heat stroke (HS) is a clinical syndrome caused
by central thermoregulatory dysfunction, char-
acterized by elevated core temperature (> 40°C)
due to an imbalance between heat production
and heat dissipation following exposure to a
hot environment and/or strenuous exercise;
the mortality rate is up to 60% in patients with
severe HS [1]. Studies have shown that severe
complications of HS include rhabdomyolysis,
acute kidney injury, disseminated intravascular
coagulation (DIC) and acute respiratory dis-
tress syndrome (ARDS) [1]; ARDS is a direct
threat to the patients life.

Patients managed with extracorporeal mem-
brane oxygenation (ECMO) benefit from its
ability to provide oxygenation and circulation
independently of mechanical ventilation, sup-
porting the patient’s respiratory needs while
allowing for better management of lung func-
tion. When conventional mechanical ventila-
tion cannot meet the oxygenation needs of
patients with ARDS, ECMO can be used to
replace lung function, meet the body’s oxy-
genation needs, maintain the stability of vi-
tal signs and gain time for other treatments
[2]. Moreover, continuous renal replacement

therapy (CRRT) can reduce the inflammatory
response, remove excess fluid, clear toxic me-
tabolites and correct electrolyte and acid-base
imbalances, thereby maintaining homeostasis
[3, 4]. Although CRRT has been extensively
studied for its effectiveness in treating sepsis
[5, 6], its potential benefits in HS therapy war-
rant further exploration.

This report describes the first instance in
which ECMO combined with CRRT has been
used to treat a patient with HS. Given the acute
onset, rapid progression, complexity and dif-
ficulty of care associated with HS, ECMO sup-
port and CRRT were administered, totaling 161
hours from the second to the ninth day of ad-
mission. We present detailed information about
the diagnostic and therapeutic processes for HS
to provide a theoretical basis and reference for
clinical nurses collaborating with physicians
in the treatment and care of patients with HS.

CASE REPORT
Case information

On July 3, 2021, a patient with severe HS was
admitted to the Department of Critical Care



ECMO combined with CRRT technology

Medicine of our hospital with the primary complaint of
‘fever and fatigue for two days and unconsciousness for two
hours after working in high temperature! The patient had a
body temperature of 40°C with multiple organ dysfunction
and was diagnosed with HS, multiple organ dysfunction
syndrome, electrolyte disorder, and hypoproteinemia. The
patient’s respiratory rate was 18/minute, blood pressure
was 77/39 mmHg, oxygen saturation (SpO,) was 97%,
and blood glucose was 1.2 mmol/L. On the day of admis-
sion, the patient’s condition worsened further, with sud-
den loss of consciousness, generalized convulsions, airway
spasms and continuous decrease in oxygen saturation. The
patient’s laboratory results showed a blood creatinine of
420.25 pmol/L, blood urea nitrogen of 29.63 mmol/L, ala-
nine aminotransferase of 147.74 U/L, and total bilirubin
of 82.47 pmol/L.

Therapeutic measure

Upon admission, emergency endotracheal intubation
and mechanical ventilation were performed to assist with
breathing and to ensure that the patient had an adequate
oxygen supply (respiratory rate of 8-20 breaths/minute).
Simultaneously, symptomatic treatments - such as organ-
function protection, maintenance of internal-environment
stability, early enteral nutrition using a short-peptide enter-
al-nutrition suspension via nasogastric tube at 50 mL/hour
and parenteral nutrition including intravenous amino ac-
ids, multivitamins, and fat emulsions — were administered
(enteral-nutrition-solution composition: 38 g of protein, 34
g of fat, 138 g of carbohydrates, 0.26 g of vitamins, and 4.24
g of trace elements per 1000 mL. Calorie density was 2.4
kcal/mL, 2000 mL required daily, total calories =~ 4800 kcal.
Daily amino-acid supplementation 3-5 g/kg, fat-emulsion
supplementation 10-20%). Probiotics (Bacillus subtilis,
0.5 g TID) and itopride hydrochloride (50 mg TID) were
administered to regulate intestinal flora [7]. Sedation was
achieved with remifentanil 160 pg/hour and midazolam 5
mg/hour, with dosages adjusted as needed. Blood micro-
biological analyses were followed by anti-infective therapy
including piperacillin-tazobactam (initially 3.75 g Q8h,
then 4.5 g Q8h), cefoperazone-sulbactam 4.5 g Q8h, and
minocycline 100 mg Q12h, guided by procalcitonin levels.
Dopamine 1-5 pg/kg-min and norepinephrine 0.1-2 pg/
kg-min were used as needed to stabilize hemodynamics.
Measures such as a hypothermia-treatment device, warm-
water bath (preventing hypothermia while managing the
patient’s elevated temperature) and ice-saline enema were
employed to control body temperature.

Rapid cooling is a key factor in HS treatment. Upon
admission, the patient’s rectal temperature was 40.2°C.
Immediately, an ice-blanket hypothermia-treatment de-
vice was used (water 4-10°C) while continuous surface-
temperature monitoring was performed via thermocou-
ple. Additionally, a 40% alcohol sponge bath was applied.
However, after one hour, these cooling methods reduced
the surface temperature only to 38.8°C, while rectal tem-
perature remained at 40°C. Therefore, 4°C saline was in-
fused for rehydration and 4°C enema fluid was used. One
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hour later, rectal temperature was 39.8°C, but cooling was
still unsatisfactory. To achieve better core-temperature re-
duction, we initiated CRRT. After right femoral vein cath-
eterization, continuous venovenous hemodialysis started.
Replacement fluid (10°C) ran at 150 mL/hour blood-flow
and 2000 mL/hour of replacement-fluid with zero fluid re-
moval. After three hours, rectal temperature fell to 38.3°C
and surface temperature to 37.5°C. To prevent excessive
cooling and arrhythmias, replacement fluid at room tem-
perature was then used.

Subsequently, the patient developed severe electro-
lyte imbalances (potassium 3.07 mmol/L, sodium 127.7
mmol/L, calcium 1.67 mmol/L). Continuous blood pu-
rification was therefore continued to reinforce tempera-
ture control and maintain internal environment stability.
Routine monitoring (vital signs, respiratory function, he-
modynamics, etc.) was maintained, and nurses observed
cerebral oxygen supply. On the second day, the patient’s
condition deteriorated further: blood pressure remained
unstable and cardiopulmonary function was severely im-
paired, causing hypoxemia. Therefore, ECMO was used
to support heart and lung function via extracorporeal cir-
culation, improving oxygenation and maintaining organ
perfusion. A venovenous ECMO (VV ECMO) mode was
selected, and intravenous heparin was continued for an-
ticoagulation. To avoid local bleeding or hematoma from
frequent puncture, an arterial catheter was placed in the
right radial artery before systemic heparinization, provid-
ing real-time hemodynamic monitoring and easy blood
sampling; a peripheral venous needle was left in the left
upper limb for transfusion. During ECMO, D-dimer was
checked every six hours; the results are shown in Figure 1.

10.81

03 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

July July July July July July July July July July July
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=D dimer (mg/L) —Normal value (mg/L)

Figure 1. Changes of D dimer in the patient

Between day 2 and day 9, 161 hours of ECMO life sup-
port were performed, during which the ECMO flow rate
was 3.4 L/min, and the centrifugal pump speed was 3500
rpm. Continuous renal replacement therapy was initiated
using a high-flux filter to remove excess fluid, metabolic
waste, toxins and inflammatory mediators, correct electro-
lyte imbalances and support renal recovery. The CRRT was
performed continuously during the ECMO support using a
Prismaflex system (Baxter International Inc., Deerfield, IL,
USA) with an AN69ST filter. Anticoagulation was main-
tained with unfractionated heparin to ensure extracorpo-
real circuit patency. Specific CRRT parameters included
a blood flow rate of 150-200 mL/min, dialysate flow of
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Table 1. Changes in the patient’s temperature and management measures

Time 4:20 7:00 11:00 | 15:00 | 19:00 | 23:00 3:00 7:00 11:00 | 19:00 | 19:00 | 23:00
Body surface temperature (°C) 40 38.8 374 375 37.2 36.3 37.5 359 35.2 355 36.2 36
Anal temperature (°C) 40.2 40 38.7 38.3 37.9 38.1 38 36.3 35.5 36.1 36.3 36.2
MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB | MHT-IB
Cooling measures - - - CRRT | CRRT | CRRT | CRRT | CRRT | CRRT | CRRT | CRRT | CRRT
WWSB | ASB ASB - - - - - ECMO | ECMO | ECMO | ECMO

MHT-IB - use mild hypothermia therapeutic instrument (ice blanket); WWSB — warm-water sponge bath; ASB - alcohol sponge bath

Table 2. Changes of brain natriuretic peptide in the patient

v = = = =
E’ g %‘1 S £ g (4]
28| £ | 88| 83| z5 |£5¢
Py 53| 8 | =22 | B3| £° |§tg
cz | £ £ | 27 | 3 Ul
& 8 a s 5
1 604 10.81 9.39 19.34 10.3 17.6
2 1075.9 8.06 - - -
3 498 6.53 - - -
4 3524 2.77 8.61 8.46 8.7 15.3
5 232.2 2.64 - - -
6 293.1 7.08 - - -
7 246 6.31 7.45 5.07 6.4 12.6
8 193.4 2.64 - - -
9 160.6 6.38 - - -
10 170.1 244 - - -
11 112 1.86 7.13 3.9 5 8.7

1000 mL/hour and replacement fluid at 500 mL/hour.
Coagulation profiles and electrolyte levels were closely
monitored throughout the treatment period to optimize
therapeutic efficacy and patient safety. After a series of
treatments, when hemodynamic parameters demonstrated
stability and there was effective oxygenation and efficient
carbon dioxide removal, the ECMO and CRRT were suc-
cessfully removed on day 9, and the patient was success-
tully transferred out of the intensive care unit (ICU) on day
15. The detailed laboratory parameters, metabolic indica-
tors, inflammation markers, and myoglobin levels, along
with their trends over time during the patient’s treatment,
are summarized and presented in Tables 1, 2, and 3.

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

DISCUSSION

This report describes a case of severe HS treated in our
ICU. Because conventional treatments, such as assisted
ventilation, CRRT and hypothermia therapy, were unable
to control the condition, the ECMO rescue plan was im-
mediately initiated. Due to the patient’s underlying condi-
tions, which included hepatitis B and coagulopathy, the
treatment and care of the patient posed significant chal-
lenges. Through meticulous treatment and nursing care,
the patient’s condition was successfully stabilized from a
critical state. Rapid cooling and organ support have been
effective strategies for treating HS, but mortality is high.
In one study, the HS mortality within 28 days after a heat
wave was as high as 58% [8]. Ni et al. [9] reviewed 138
HS patients admitted over the previous seven years who
presented with systemic multiple-organ dysfunction.
Significant improvement was seen with hyperbaric oxy-
gen therapy, with mortality rates of 0% and 8.49% in the
hyperbaric and control groups, respectively. Elbashir et
al. [10] also found in the treatment of patients ranging
from heat stroke to multi-organ failure that the patients
were gradually stabilized through 18 days in the ICU. In
this case, the patient’s condition progressed rapidly, and
ventilator-assisted breathing and high-dose vasoactive
drugs could not maintain the stability of his vital signs.
In this emergency, ECMO was used to rapidly capture
key changes in the patient’s vital signs at each stage of the
condition’s development; important condition informa-
tion was fed back to the doctor to provide the basis for
the next treatment [11]. Brain tissue hypoxia is one of the
main characteristics of heat-related illness [12]. Therefore,
based on routine monitoring (vital signs, respiratory func-
tion, hemodynamics, etc.), nurses monitored the cerebral
oxygen supply at the same time, allowing them to apply
the corresponding treatment. Moreover, in the context of

Table 3. The change of procalcitonin and the dosage of antibiotics in this patient

Day 1 2 3 4 6 7 8 9 10 11
Procalcitonin 21.59 16.51 19.92 19.99 15.6 123 7.68 5.04 4.87 3.32 2.02
pPST' PST PST PST PST PST
3759 3759 3759 3.75¢g 3759 375¢ - - - - -
Q8h Q8h Q8h Q8h Q8h Q8h
PST PST PST
Antibiotic - - - - - 4.59 4.59 4.59 - -
Q8h Qsh Q8h
CPSB CPSB
- - - - - - - - 4,59 4,59
Q8h Q8h

PST - piperacillin sodium and tazobactam sodium; CPSB - cefoperazone and sulbactam

DOI: https://doi.org/10.2298/SARH240710042L
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CRRT, precise ultrafiltration proves beneficial in mitigating
organ oedema and alleviating cardiac overload. A study
treating 16 patients with HS reported improved hemody-
namics, reduced serum-enzyme concentrations and zero
mortality [13]. The study by Ni et al. [9] demonstrated
that HS-related parameters exhibited a significant reduc-
tion in the CRRT group compared with the control group.
These findings suggest that CRRT effectively eliminates
serum enzymes and metabolic by-products, interrupts the
cascade of inflammatory mediators and mitigates metab-
olite-induced damage to renal tubules. Importantly, there
was a significantly lower mortality rate in the CRRT group
than in the control group. Consequently, early initiation
of CRRT therapy should be considered for patients with
HS, particularly as HS carries a high mortality risk in its

REFERENCES

1. Zhang Z,Wu X, Zou Z, Shen M, Liu Q, Zhangsun Z, et al. Heat
stroke: pathogenesis, diagnosis, and current treatment. Ageing
Res Rev. 2024;100:102409. Epub ahead of print.

[DOI: 10.1016/j.arr.2024.102409] [PMID: 38986844]

2. Levin NM, Ciullo AL, Overton S, Mitchell N, Skidmore CR, Tonna
JE. Characteristics of patients managed without positive-pressure
ventilation while on extracorporeal membrane oxygenation for
acute respiratory distress syndrome. J Clin Med. 2021;10(2):251.
[DOI: 10.3390/jcm10020251] [PMID: 33445504]

3. Miller MK, Spiller RE, Mount CA, Colombo C, Khayat MI. Novel use
of Seraph-100™ blood purification therapy in heat stroke. Mil Med.
2023;188(1-2):407-9. [DOI: 10.1093/milmed/usac124]

[PMID: 35569924]

4. Ronco C, Reis T. Continuous renal replacement therapy and
extended indications. Semin Dial. 2021;34(6):550-60.
[DOI: 10.1111/5di.12963] [PMID: 33711166]

5. Kuhn D, Metz C, Seiler F, Wehrfritz H, Roth S, Alqudrah M, et al.
Antibiotic therapeutic drug monitoring in intensive-care patients
treated with different modalities of extracorporeal membrane
oxygenation and renal replacement therapy: a prospective
observational single-center study. Crit Care. 2020;24(1):664.

[DOI: 10.1186/513054-020-03397-1] [PMID: 33239110]

6.  Zhu CY,Pan AJ, Mei Q, Chen T. Successful cure of a patient with
urosepsis using a combination of extracorporeal membrane
oxygenation and continuous renal replacement therapy: case
report and literature review. Chin J Traumatol. 2020;23(6):372-5.
[DOI: 10.1016/j.cjtee.2020.09.006] [PMID: 33039249]

7. YangW, Qin K, Zheng X. Pharmacological supervision of
nutritional support therapy. Beijing: People’s Health Publishing
House; 2022. p. 345.

Srp Arh Celok Lek. 2025 May-Jun;153(5-6):272-276

275

advanced stages, especially when associated with DIC. In
conclusion, reviewing the whole rescue process, rapid hy-
pothermia, strict condition observation, timely initiation of
ECMO life support, appropriate anticoagulation strategy,
refined volume management and strict infection preven-
tion and control ensured the smooth progress of all treat-
ments and brought the patient to safety. This patient pre-
sented with a sudden onset, rapid progression and complex
condition, making the nursing care extremely challeng-
ing. Nurses played a crucial role in the implementation of
cooling measures, close monitoring of vital signs, ECMO
management and CRRT administration, all of which were
key aspects of the life-saving treatment.
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Hera 6onecHMKa ca TONNOTHUM YAaPOM YA PYKEHUM Ca MYNTUOPTAHCKOM
MHCYOULMjEHLUjOM NeYeHUM eKCTPAKOPNOopPaSHOM MeMOPaHCKOM OKCUMTeHaLuujom
Y3 KOHTMHYMPAHY PeHa/HYy 3aMEHCKY Tepanujy

XajuHr In, Ny Jan, Oanr YeHr, BuntuHr Nanr, JuHr Jn

HapogHa 6onHuua y hruHueHry, Ofierbetbe 3a UHTeH3UBHY MeAuLHY, HriHueHr, WaHcn, KnHa

CAXETAK

YBop TonnoTHy yaap (TY) moxe 13a3satii 6pojHe KOMMIMKaLm-
je, ykmyuyjyhm akyTHO owTehere bybpera v CUHAPOM aKyTHOT
pecnupaTopHor aucTtpeca. [lo caga Huje npoyyaBaHa NpUMeHa
eKcTpakopropanHe membpaHcke okcureHauyje (EKMO) y kom-
61HaLWj1 ca KOHTUHYMPAaHOM PEHaTHOM 3aMEHCKOM Tepaniijom
(CRRT) y neuetby 6onecHuKka ca TY 1 BULIECTPYKOM ANCHYHKL-
jom opraHa. Y oBoM pagy je onvicaH NpBw ciyyaj 6onecHrKa ca
TY koju je neyen npumerom EKMO yapyxeHor ca CRRT-om, ca
LWbeM Aa ce NP1 YBUA Y KNIMHUYKO 36putbaBarbe TOMIOTHNX
oborbera nyTem AeTarbHOr NMpUKasa TepanmnjckMx NocTynaka.
Mpukas 6onecHnka Mywkapau, ctap 34 roguHe, ca TY 1 myn-
TNOPraHCKOM ANCHYHKLIOM, MPUMIbEH je Ha Oferbetbe NHTEH-
3MBHE Here pagn CUMNTOMAaTCKe peaHnmauuje. injarHosa je
obyxsatuna TY, CMHAPOM MyNnTUOPraHCcKe AnchyHKLyje, Ancba-
NaHC enekTponunTa 1 xunoanbymvHemujy. Maxsbueo cy npaheHe

DOI: https://doi.org/10.2298/SARH240710042L

BUTanHe dyHKLMje 6onecHUKa — cpuaHa GpPeKBeHLMja, KPBHM
npuUTHCaK, pecnpatopHa ¢pekseHLja 1 3acnhere KpBY Ku1-
CEOHVKOM, a XMBOTHO notnopHe Tepanuje EKMO u CRRT npu-
MetbeHe cy 6e3 ofarara. bonecHuK je ycnelwHo oABojeH of
EKMO, CRRT-a 1 MexaHU4Ke BeHTUNaLje, y3 cTabunHe BuUTanHe
3HaKOBE, a MOTOM MpebayeH 13 JearHNLIE NHTEH3VBHE Here.
3akmyuak OBaj Cnyyaj Nokasyje Aa NpaBOBpeMeHa CUMMTO-
MaTcKa Tepanuja 1 paHo yBoherbe EKMO y KombrHaumju ca
CRRT-om Mory edurkacHo aa neye Tewwke dopme TY. Takohe je
0f KIby4He BaXKHOCTU [1a 3[PaBCTBEHN pagHULKM 6ygHo npate
NpOMeHe BUTaNTHMX NapameTapa 6onecHuKa v capahyjy y cnpo-
BODeHY HEOMXOAHMX TePanujCKNX Mepa.

KrbyuHe peun: TonnoTHW yaap; CUHAPOM aKyTHOT pecnpaTop-

HOT AVCTPEC; EKCTPaKopopaHa MeMBPaHCKa OKCureHauwja;
KOHTVHYMpaHa peHasiHa 3aMeHcKa Tepanuja; Hera 6oiecH1Ka
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Cryptogenic organizing pneumonia — wrongfully
neglected disease
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SUMMARY

Introduction Cryptogenic organizing pneumonia (COP) is a type of organizing pneumonia with an
unknown primary etiology. Diagnosis of COP requires exclusion of any other possible cause. The disease
manifests with nonspecific symptoms and clinical findings resembling respiratory infection. Diagnosis
of COP should be considered after the radiographic signs of pneumonia persist despite applied therapy,
or show a migratory pattern. Due to a diverse differential diagnostic palette, establishing the correct
diagnosis is often delayed, resulting in delayed administration of adequate therapy.

Outlines of cases In this paper, we present three female patients diagnosed with COP in our clinic. We
outline all challenges in the diagnostic pathways, from managing initial symptoms, through all necessary
laboratory tests and diagnostic procedures, to establishing the diagnosis and starting treatment. After
presenting radiological findings before and after starting corticosteroid treatment, we also reevaluated
the clinical response to the administered treatment initially and during the subsequent follow-up period.
Conclusion To diagnose COP, we must first remind ourselves to consider it when treating patients with
recurrent pneumonia. When COP is finally diagnosed, the quality of life of these patients improves, as
this avoids excessive antimicrobial therapy and repeated hospitalizations. A multidisciplinary approach
is needed, both in diagnosing and treating patients, owing to comorbidities and the need to exclude
any other potential cause of organizing pneumonia. Corticosteroid treatment provides rapid resolution

of symptoms followed by long remission periods.

Keywords: cryptogenic organizing pneumonia; diagnosis; differential diagnosis

INTRODUCTION

Cryptogenic organizing pneumonia (COP)
is an idiopathic form of organizing pneumo-
nia, formerly called bronchiolitis obliterans
organizing pneumonia. It is a type of diffuse
interstitial lung disease that affects distal bron-
chioles, respiratory bronchioles, alveolar ducts,
and alveolar walls without disrupting lung ar-
chitecture. Apart from the cryptogenic form,
secondary organizing pneumonia is an organiz-
ing pneumonia with known triggering factors
and is mainly caused by connective-tissue dis-
eases, autoimmune diseases, infections, malig-
nancies, and drug exposure, with an increasing
prevalence related to new biological therapies,
interferons, and monoclonal antibodies [1, 2,
3]. To diagnose COP, clinicians must first iden-
tify organizing pneumonia and then exclude
every possible cause [1].

COP commonly presents with a relatively
short duration (up to two months) of pseudo-
flu-like symptoms, persistent non-productive
cough, dyspnea, fever, malaise, weight loss,
and chest pain [1, 2, 4]. Physical examina-
tion can show normal pulmonary findings in
one-quarter of patients [5]. Chest radiograph
and computed-tomography manifestations of
COP commonly appear as peripheral bilateral
consolidations or ground-glass opacities, with

a tendency to recur and to migrate [6]. There
are no laboratory tests specific for COP, but
results may show leukocytosis and elevated
levels of C-reactive protein (CRP) and eryth-
rocyte-sedimentation rate [2, 7]. Treatment
for COP requires prolonged administration of
corticosteroids. The initial dose depends on the
disease severity, clinical symptoms, potential
progression, and radiological findings [2, 4].
When treated with corticosteroids, recovery
with complete clinical and physiologic im-
provement and normalization of chest radio-
graphs is found in two-thirds of patients [1].

We present three cases of COP diagnosed
and treated at the Clinic for Pulmonology,
University Clinical Center of Serbia, in the
previous three years.

REPORTS OF CASES
Case No. 1

A female patient, 52 years old, was repeatedly
hospitalized in a regional secondary medical
center over five months under the diagnosis
of pneumonia, presenting with high fever, fa-
tigue, chest pain, and generalized myalgia. She
was a former smoker with known chronic ill-
nesses and therapy for diabetes mellitus and
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Figure 1. Chest radiographs from Case No. 1 patient chronologically, from the first manifestation of the disease during the first
hospitalization at the regional medical center (RMC) (A), after initial empiric antibiotics treatment at RMC (B), when admitted to
our clinic due to developing deterioration of the general condition (C), 10 days after initial corticosteroid treatment (D), and on
the second follow-up after hospital discharge (E)

arterial hypertension. Her symptoms were accompanied
by CRP levels up to 220 mg/L and chest-radiograph find-
ings of lung-parenchyma consolidations at different sites.
Each time she was treated with empiric parenteral anti-
biotics and corticosteroids, resulting in almost complete
radiographic regression and lowered CRP levels. No in-
fectious agents were detected in serum or sputum. After
each discharge, she gradually redeveloped the symptoms,
with escalating myalgia and fatigue. During a prehospital
ambulatory episode, a chest CT showed a 70 x 60 mm ir-
regular consolidation of the right upper lobe with a nega-
tive bronchus sign and several smaller consolidations of
the left lower lobe. After significant clinical deterioration of
general condition followed by dyspnea and fever of 38.3°C,
she was referred to our institution. Laboratory findings at
the beginning of hospitalization showed elevated level of
CRP (107 mg/L) and leukocytes (12.2 x 10°/L), with slight
predominance of neutrophils in the leukocytic formula
(7.7 x 10°/L) and normal levels of eosinophils. Physical
examination showed normal pulmonary findings.

During hospitalization at our clinic various diagnos-
tic procedures and tests were performed. Immunology
testing excluded autoimmune diseases, including myo-
sitis, systemic connective-tissue disease, and vasculitis
(negative ANA-Hep-2, ANCA, normal creatine kinase).
Bronchoscopy with transbronchial biopsy and bronchoal-
veolar lavage (BAL) showed normal endoscopic findings.
Tuberculosis was excluded by negative microscopy and
Lowenstein cultures of sputum and fiber-aspirate (FA).
Additional tests of blood, FA, and sputum excluded fungal,
bacterial, and viral infective agents.

By analyzing cytology of BAL, the pathologist concluded
that, with elevated percentage presentation of macrophages

‘ DOI: https://doi.org/10.2298/SARH2408220365

(half of them were foamy macrophages), lymphocytosis
30% with CD4/CD8 lymphocytes ratio of 0.3, and 10%
of neutrophils, findings support the diagnosis of COP.
Pathohistology of transbronchial biopsy was inconclusive
for interpretation due to the small tissue sample.

A radiologist performed additional interpretation of
chest CT scan and concluded that consolidations by ap-
pearance and distribution, considering the migratory ef-
fect, are suggestive of COP.

During the hospitalization at our clinic, the patient was
treated initially with empiric parenteral antibiotics in ac-
cordance with the established guidelines for community-
acquired pneumonia (CAP), taking into consideration the
patient’s clinical status, risk factors, and local epidemiology.
Control laboratory tests showed lower CRP but control
chest radiograph showed progression in the size of lung
consolidation and developing new lesions. The administra-
tion of antibiotics was discontinued, and after excluding all
potential causes of bilateral progressive consolidations of
the lung, continuous corticosteroid therapy was initiated
on June 7, 2024. Firstly, parenteral administration of meth-
ylprednisolone at a dose of 60 mg/day was performed. The
patient showed significant improvement in general condi-
tion, followed by absence of high body temperature and
dyspnoea. Control chest radiograph showed almost com-
plete regression of previously visualized lesions (Figure 1).
With control laboratory tests showing a CRP level of 14.5
mg/L, the patient was discharged from clinic and contin-
ued corticosteroid therapy in tablet form (60 mg/day of
prednisone).

At the first follow-up visit two weeks after discharge
from our hospital, with control chest radiograph showing
complete regression, the dose of prednisone was lowered
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to 40 mg/day, and, due to the previously known condi-
tion of diabetes mellitus as a comorbidity, the patient was
referred to an endocrinologist in case of need for correc-
tion of doses of metformin, due to known effects of corti-
costeroids on serum glucose levels. In the next follow-up
control six weeks after the first one, another de-escalation
of the dose of prednisone was done, lowered to 30 mg/day.
The patient was under regular follow-ups by a pulmonolo-
gist at intervals of 6-8 weeks. Follow-up chest radiographs
were performed, and corticosteroid therapy was gradually
tapered. On February 19, 2025, based on comprehensive
clinical assessment, corticosteroids were discontinued, and
a subsequent follow-up was scheduled in six months.

Case No. 2

Female patient, 63 years old, was in the period of eight
months several times hospitalized in a regionally affili-
ated secondary medical center due to high fever, elevat-
ed CRP levels, and chest radiographic signs of repeated
bilateral pneumonia. With no other comorbidities than
periodical episodes of vertigo, each time she was treated
with empiric antibiotic therapy in accordance with the
established guidelines for CAP, resulting only in lowering
the levels of CRP and body temperature, without complete
radiographic regression. Three CT chest scans were per-
formed during that period, showing only consolidations
with ground-glass opacifications. She was admitted to our
clinic with high fever and bilateral lung consolidations (de-
scribed this time in the left lobe and right lower lobe) veri-
tied by the latest CT chest scan. CRP level was 44.2 mg/L,
immunology tests were all negative. Bronchoscopy was
performed, finding only endoscopic signs of inflammation
(hyperemic mucosa of the tracheo-bronchial tree with pus,
dominantly in the left lower lobe). Results of cytological
and microbe analysis of the FA of bronchi were nonspecific
(classic BAL was not performed). Radiologist performed
additional interpretation of all three CT scans. Because of
the nature of described irregular, organizing consolida-
tions with dominantly migrating effect, refractory to any
other applied treatment, we suspected the presence of COP.
After the numerous laboratory and invasive diagnostics
were performed, excluding any autoimmune or systemic

and soft-tissue disease, malignant or infectious etiology
of described consolidations, we started treatment with
oral corticosteroids. Continuous parenteral corticosteroid
therapy was initiated on 22 October 2022, starting with a
40 mg dose of methylprednisolone. The first follow-up
was two weeks after hospital discharge, when the first de-
escalation of dose of corticosteroids was done (from 40 mg
to 30 mg of prednisone). At the time of first control after
the discharge from our clinic, control chest radiograph
showed complete regression of previously registered con-
solidations, followed by normal levels of CRP (Figure 2).
She was treated with oral corticosteroids in de-escalating
doses for seven months, without signs of relapse of the
disease. After the corticosteroid treatment was stopped
in May 2023, the patient still showed no signs of disease
relapse in the total period of two years; she is regularly
scheduled for annual check-ups.

Case No. 3

Female patient, 74 years old, with symptoms of prolonged
pain in body joints and high body temperature up to
38.3°C, high level of CRP (175 mg/L) and radiographic
signs of bilateral pneumonia, started oral antibiotics treat-
ment (cefixime, levofloxacin) suggested by her physician.
After developing shortness of breath and extreme fatigue,
elevation of CRP level to 257 mg/L, registered low blood-
oxygen level and progression of radiological findings, she
was admitted to our clinic, where she was treated with par-
enteral antibiotics (meropenem, levofloxacin). The patient
showed clinical improvement after the treatment. CT chest
scan after finished antibiotics treatment showed presence
of bilateral consolidation of lung in lower lobes and upper
right lobe with lesions of interstitium of the lung. She was
discharged, and scheduled for pulmonologist control in
two months with control chest CT scan. Bronchoscopy was
advised, but was never conducted as the patient refused
the proposed diagnostic procedure.

In the following period, due to repeated joint pains,
followed by high fever of up to 40°C, and again elevated
CRP level to 170 mg/L, the patient was admitted to the
Institute for Rheumatology, where she was treated with
parenteral empiric antibiotic therapy in accordance with

v

Figure 2. Chest radiographs from patient Case No. 2, before administering corticosteroid therapy (A), one month after corticosteroid
treatment started (B), and one year after starting treatment of COP (C)
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Figure 3. Chest radiographs of Case No. 3 patient, before (on the left), one month after starting corticosteroid therapy
(in the middle), and on the annual follow up control (on the right)

the established guidelines for CAP. After numerous labo-
ratory tests, arthritis and other soft-tissue diseases were
excluded. During the beginning of that hospitalization,
control chest CT scan was performed, describing previous-
ly detected lung lesions/consolidations still present. After
several days of hospitalization, treatment with corticoste-
roid therapy was introduced in February 2022 (deflazacort,
30 mg/day), and with clinical improvement she was dis-
charged from the Clinic with gradually de-escalating oral
doses of corticosteroids (deflazacort).

Considering the persistency of CT findings, during the
next follow-up control by her pulmonologist, a radiologist
was consulted and both previously performed CT scans
were compared. The radiologist concluded that CT find-
ings were highly suggestive of COP.

After considering all clinical manifestations and im-
provements, both clinical and in general condition, devel-
oped after the initiation of corticosteroids into treatment,
she was diagnosed with COP (Figure 3). She continued
oral corticosteroid therapy as previously advised. During
the next follow-up period she had one relapse of the dis-
ease two months after the diagnosis of COP was made,
which was regulated in short-term elevation of corticoste-
roid dose (the dose of deflazacort was increased to 45 mg
in total duration of eight weeks). After remission, the dose
of deflazacort was gradually tapered to the maintenance
dose of 7.5 mg per day, and in the following year when
she attended regularly follow-up appointments with the
pulmonologist, she experienced no relapses of the disease.

Ethics: The authors declare that the article was writ-
ten in accordance with ethical standards of the Serbian
Archives of Medicine as well as ethical standards of institu-
tions for each author involved. Written consent to publish
all shown material was obtained from the patients.

DISCUSSION

Regarding all presented cases, all cases showed a significant
time delay in making the right diagnosis. With a clini-
cal presentation of infective disease, minimal respiratory
symptoms but alarming radiological signs, it can be eas-
ily misleading to suspect yet another common case or
pneumonia caused by infective agents. In our experience,

‘ DOI: https://doi.org/10.2298/SARH2408220365

patients underwent, on average, three hospitalizations
until making the right diagnosis, not including the time
between hospitalizations when they were treated as ambu-
latory patients with antibiotics. Repeated hospitalizations
with intensive medication treatment resulting in a lack
of expected response can harm patients’ quality of life in
many ways.

Not suspecting COP in patients with progressive mi-
gratory lung lesions followed by deterioration of general
condition can result in the rapid administration of broad-
spectrum antibiotics (including reserve antibiotics) or anti-
fungal medications. Uncritical widespread use of antibiot-
ics can cause antimicrobial resistance, especially by using
reserve antibiotics [8]. Prolonged antibiotic exposure is
also a major risk factor for Clostridioides difficile infection,
as it reduces the population of non-pathogenic anaerobes
that normally inhabit the gut, thereby allowing C. difficile
to proliferate [9]. A patient with COP and a potential C.
difficile infection who is scheduled to begin corticosteroid
therapy, which suppresses the general immune response,
is at increased risk of developing severe gastrointestinal
complications, as immunosuppression may exacerbate the
course of the infection.

It is crucial to emphasize the importance of a clinical
and systematic approach to the problem, with a well-or-
ganized algorithm in the process of excluding differential
diagnoses. This is often impracticable in many hospitals
and healthcare centers due to insufficient availability of
invasive diagnostics and laboratory and immunology tests.

The current diagnostic algorithm for COP includes
histopathological confirmation of the disease. Although
opinions vary, invasive diagnostic procedures are generally
recommended in cases of unclear clinical or radiological
presentation, or when there is an inadequate response to
initial therapy. Surgical lung biopsy is necessary to establish
a diagnosis when vasculitides are part of the differential
diagnosis. However, histopathological confirmation of
organizing pneumonia alone should not be considered a
sufficient criterion for diagnosis [10, 11].

In our cases, two of the three patients had bronchos-
copy, but only one showed confirmation of the disease by
analyzing the BAL. Analyzing the FA of the bronchi to
exclude infectious disease is also very important. When
resources are scarce, it is not always necessary to conduct
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invasive diagnostics, but it is preferable, considering the
wide differential-diagnosis palette.

Clinical improvement is typically observed within 24—
72 hours after the initiation of corticosteroid therapy in re-
sponsive patients, often manifesting as reduced symptoms
and improved overall condition. Complete remission is
generally confirmed after approximately three months [4].

When initiating corticosteroid therapy, consider pos-
sible risks of cumulative steroid dosage and side effects of
prolonged therapy and refer patients to other subspecial-
ties. At the beginning of treatment, patients need frequent
follow-up controls, due to possible side effects of the ther-
apy and the disease’s potential for relapses, which would
require correction of medication doses. Routine follow-up
with chest radiographs and pulmonary function tests every
two-three months is recommended during corticosteroid
treatment [12].

Most relapses occur within the first year of treatment,
often upon tapering or discontinuation of corticosteroids.
Relapses typically respond well to corticosteroids. In the
management of disease relapse, one study showed no dif-
ference in clinical outcomes between increasing predni-
sone to 20 mg/day versus higher doses, while higher doses
were associated with more side effects. Reinitiating treat-
ment at 20 mg/day with gradual tapering is suggested to
be the most adequate approach [4, 13].

A recent retrospective observational study on clini-
cal outcomes in COP patients aimed to identify predic-
tors of relapse by comparing those who showed clinical
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KpuntoreHa opraHusyjyha nHeymoHuja — HenpaBegHO 3aHeMapeHa 6onect

WBaHa Cekynosuh PagoBaHoBuh', Qunun Mapkosuh', Muxauno CrjenaHoBuh'?, Hukona Yonuh?3, iparaHa Mapuh'2
'YHuBep3uTeTCKN KNMHUYKY LeHTap Cpbuje, KnuHuka 3a nynmonorujy, beorpag, Cp6uja;

*YHusep3uTet y beorpagy, MeanunHcku gakyntert, beorpag, Cpbuja;

*YHnBeP3UTETCKI KNUHUYKY LieHTap Cpbuje, LieHTap 3a pagronorujy 1 MarHeTHy pe3oHanLy, beorpag, Cpbuja

CAXETAK

YBop KpuntoreHa opraHusyjyha nHeymoHuja (KOI) je Tvn op-
raHusyjyhe nHeymoHuje Heno3HaTor MPYMapHOT y3POYHUKa.
[njarHo3a KO ce nocTaBsba Kafa ce NCKSbyye CBY JpYyrn Mo-
ryhu y3pounuun. Manudectyje ce HecneyudnuHum Terobama
1 KNVIHWYKMM CUMITOMVMA KOjv UAY Y MPUOT PeCnnpaTopHO)
nHOEeKUKjK, a cymrba Ha KOI ce jaBrba Kafa ynpKoc npumerbe-
HOj Tepanuju pagrorpadCcki Hanasu NHeyMoHuje Nep3ncTpajy,
nnu pobujajy murpatopHu edekar. C 063MpomM Ha LNPOKY Aun-
depeHuujanHy AnjarHOCTUYKY NaneTy, nocTaB/batbe AujarHo3e
je NponoHrmpaHo, na je camvm TM 1 NprMeHa ogrosapajyhe
Tepanuvje oanoxeHa.

Mpukas 6onecHuKa Y pagy cy nprikasaHe Tpy 6onecHuLe Ko-
jyMa je y Halloj yCTaHOBM NOCTaBSbeHa AnjarHo3a KpUNToreHe
opraHusyjyhe nHeymoHumje. NpefcTaB/ibeHn Cy CBY M3a30BU 1
nyTeBU cBake 6onecHuLe of MoYeTKa pa3Boja CUMNTOMa Ao
nocTaBsbatba AujarHose. ObpaheHe cy cBe yunmeHe nabo-
paTopujcke aHanu3e 1 fujarHOCTYKe NPoLieaype Ha OCHOBY

DOI: https://doi.org/10.2298/SARH240822036S

KOjVIX je 3aKJbyU€eHO MocTojatbe OBe bonecTu. Y3 unycrpauujy
nprikasa pagronoLKMX Hanasa npe 1 HakoH 3amnoyntbarba Kop-
TUKOCTEPOUAHE Tepanuje, 0bpaheH je n KIMHUYKN OLroBOP
Ha NMpUMeHeHy Tepanujy U HauMH Ha Koju cy bonecHuLe am-
6ynaHTHO npaheHe.

3akmpyuak [la 61 ce noctaBuna gujarHosa KOI, npBo Ha hby
Tpeba nocymrbatu. Y3 NpaBoBPEMEHO NOCTaB/bakbe AyjarHose
moryhe je noborbLuaTh KBanUTET X1BOTa 60necHKa, n3berasa-
HEeM eKLieCcBHe yrnotpebe aHTUMUKPOOHE Tepanuje n YecTux
xocnuTtanusauuja. lNoctaBsbatbe AnjarHo3e ann n camo Jeye-
Hbe YeCTo 3axTeBa MyNTUAVCLUMIIMHAPHY NPUCTYM, Kako 360r
npatehux KoMop6uanTeTa Tako v 360r NoTpede envMnHCcara
Apyrux moryhux y3pouHuka opraHusyjyhe nHeymonuje. Mpume-
Ha KOpTMKOCTEpPOUAHe Tepanuje [OBOAW A0 Op30r M3ocTaHKa
Teroba npaheHor Ayrvim neproarma pemvcuje.

KmbyuHe peun: KpuntoreHa opraHu3yjyha nHeymoHwja; anja-
rHo3a; AudepeHLyjanHa gujardosa
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Blunt liver trauma with concomitant injuries to the
abdominal viscus — a dilemma for trauma surgeons

Yi Dong, Yuyang Guo, Yuxing Jiang, Wenfei Liu, Yong Fang
The People's Liberation Army No. 305 Hospital, Department of General Surgery, Beijing, China

SUMMARY

Introduction Blunt liver trauma is predominantly managed non-surgically, yet the optimal treatment
and timing for addressing its late complications remain uncertain. This study aims to evaluate treatment
approaches and outcomes for blunt liver trauma with concomitant abdominal visceral injuries.

Case Outline We present two cases of adult males who sustained severe liver and other organ injuries
due to road traffic accidents. Both patients underwent comprehensive treatment, including urgent
laparotomy. The first case resulted in severe complications and eventual mortality, while the second case
had a favorable outcome with conservative management of the liver hematoma.

Conclusion Retaining blood clots around the liver wound during surgical intervention may enhance
hemostasis and reduce infection risks. Further controlled studies with larger samples are necessary to

validate these findings.

Keywords: blunt liver trauma; concomitant injury; operative intervention; non-operative management;

urgent laparotomy

INTRODUCTION

Blunt liver trauma is primarily caused by shear
stress resulting from rapid deceleration, com-
monly seen in road traffic accidents and falls.
Liver rupture accounts for 15-20% of all abdom-
inal injuries, with right liver rupture being more
prevalent than the left [1]. A study involving
3196 patients with liver trauma identified higher
mortality risks in individuals over 64 years, pe-
destrians involved in motor vehicle accidents,
and those with renal failure, liver cirrhosis, or
concurrent head, chest, or other abdominal in-
juries [2]. Although non-surgical management
is increasingly adopted, the optimal intraopera-
tive strategy for patients requiring laparotomy,
particularly those with concomitant abdominal
visceral injuries, remains controversial. A critical
debate centers on whether to retain or remove
blood clots surrounding liver wounds during
surgery. This study specifically examines the hy-
pothesis that preserving perilesional blood clots
in blunt liver trauma with concurrent visceral
injuries may enhance hemostasis and reduce
postoperative infectious risks, thereby aligning
with damage control principles.

To contextualize this hypothesis, a retro-
spective analysis of 450 patients with liver trau-
ma revealed that 72% with closed liver injuries
received non-surgical treatment [3]. However,
surgical interventions remain indispensable for
hemodynamically unstable cases or those with
concomitant injuries [4]. The existing literature
lacks a consensus on clot retention as a delib-
erate hemostatic measure during laparotomy;,
particularly in complex trauma scenarios.
Herein, we present two contrasting cases of

blunt liver trauma with abdominal visceral in-
juries, focusing on the role of intraoperative
clot management in outcomes.

CASE REPORTS
Case 1

A 43-year-old man was injured in a road traffic
accident on August 12, 2018, and was admit-
ted to a local hospital's Emergency Department
due to severe abdominal pain and fractures of
the right ribs. He underwent urgent laparotomy
four hours post-accident for diffuse peritonitis.
Intraoperatively, a 5 x 3 cm laceration in the
small intestine mesentery with venous bleed-
ing and a ruptured sub-capsular liver hematoma
with multiple parenchymal disruptions (larg-
est approximately 5 cm) in the right lobe were
identified. Massive intra-peritoneal hemorrhage
(approximately 1800 mL) was evacuated. After
repairing the mesenteric laceration, capillary
bleeding persisted at the liver wound despite
packing, necessitating hepatorrhaphy. The sur-
gery lasted five hours, with blood loss exceeding
2150 mL, which was managed with six units of
erythrocyte suspension and 400 mL of plasma.

Postoperatively, the patient remained un-
conscious and was intubated due to dyspnea.
Two days later, urine output decreased to 200
mlL/day, with elevated creatinine and trans-
aminase levels. Seven days post-surgery, he
developed hyperpyrexia despite continuous
renal replacement therapy and meropenem
prophylaxis, leading to his transfer to our in-
stitute on August 22, 2018. Upon admission,
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Figure 1. Case 1. A, B - a computed tomography (CT) scan of the abdomen taken
10 days after hepatorrhaphy; C, D - a hepatic arteriography showing active bleed-
ing from the hepatic artery; the angioembolisation contributed to a lack of contrast
extravasation from the artery; E, F — a CT scan of the abdomen taken 43 days after
hepatorrhaphy, demonstrating that several abscess cavities and necrosis areas had
formed in the liver; G, H - the abscess cavities were managed by percutaneous cath-
eter drainage

Figure 2. Case 2. A, B - a computed tomography (CT) scan of the abdomen taken
four hours after injury demonstrated liver rupture and pulmonary contusions; C,D -a
repeat CT scan of the abdomen taken two days after injury; E, F, G - a repeat CT scan
of the abdomen taken six days after injury demonstrated that the hematoma in the
liver had been gradually reabsorbed with no progression of the lesion

Dong . et al.

bloody stool and experienced a sharp blood
pressure drop, leading to ventricular flutter
and subsequent death despite resuscitation
efforts.

Case 2

A 42-year-old man was involved in an auto-
mobile crash on July 16, 2020, and was ad-
mitted to our Emergency Department four
hours later with multiple abdominal and waist
injuries. He presented with abdominal pain,
lower limb weakness, retrograde amnesia and
diffuse peritonitis. Abdominal CT scans re-
vealed liver rupture, pulmonary contusions
and a transverse lumbar vertebra fracture
(Figure 2A and 2B). Despite decompression
and an enema, the pain persisted. Peritoneal
aspiration retrieved over 10 mL of gross blood,
prompting exploratory laparotomy.

Intraoperatively, there was a massive intra-
peritoneal hemorrhage (> 1600 mL), a 7 cm
parenchymal disruption on the liver’s lower
edge and a 2 x 2 cm liver capsule lacera-
tion. Erythema and blood clots surrounded
the liver wounds without pulsatile bleeding.
Additionally, a 1 cm duodenal laceration
with intestinal content leakage and a 3 x 4
cm ileocecal mesentery laceration with venous
bleeding were identified. After evacuating the
hemorrhage, the duodenal and mesenteric
lacerations were repaired. Blood clots around
the liver wounds were retained to control
bleeding. The surgery lasted two hours, with
a blood loss of 2150 mL.

abdominal computed tomography (CT) scans (Figure 1A
and 1B) indicated severe sepsis (white blood count: 37.8 x
10°/L; procalcitonin: 78.83 ng/mL; creatinine: 712 pmol/L;
urea nitrogen: 58.4 mmol/L; total bilirubin: 174.7 umol/L).

Hepatic arteriography on the sixth day post-admission
revealed active hepatic artery bleeding, which was emboli-
zed using a spring coil (5 mm x 5 cm), effectively stopping
contrast extravasation (Figure 1C and 1D). Subsequently,
the patient experienced upper gastrointestinal bleeding,
evidenced by 700 mL of tarry stool and 300 mL of dark red
liquid via a nasogastric tube. Urgent arteriography identified
bleeding from a right gastric artery branch, but embolization
was unfeasible. Gastroscopy confirmed an actively bleeding
duodenal ulcer, which was managed endoscopically.

The patient’s recovery was marred by relapse, gastro-
intestinal bleeding, and severe sepsis. Despite no active
bleeding on angiography, daily blood product transfusions
were required. A repeat CT 43 days post-hepatorrhaphy
showed multiple liver abscesses and necrotic areas (Figure
1E and 1F), which were managed by percutaneous catheter
drainage (Figure 1G and 1H). On September 29, 2018, the
patient developed a 40°C fever, excreted 3000 mL of dark,

‘ DOI: https://doi.org/10.2298/SARH241210033D

Postoperatively, the patient received mi-

crobial prophylaxis and hemostasis treatment.

Repeat CT scans on July 18 and July 22, 2020, showed

gradual absorption of the liver hematoma without lesion

progression (Figure 2C-G). The patient recovered well

(red blood count: 3.73 x 10'*/L; hemoglobin: 113 g/L) and

was discharged on July 22, 2020. Follow-up via telephone

indicated normal liver function without fever or jaundice.

A recommended repeat abdominal CT was declined due
to economic reasons.

Ethics: This study was conducted in accordance with
the Declaration of Helsinki. It was approved by the Ethics
Committee of The People’s Liberation Army No. 305
Hospital (ethical approval number: KYLL-SPJ-2024-04).
Written informed consent was obtained from all partici-
pants.

DISCUSSION

This study presents two cases of severe blunt liver injury
with concomitant abdominal visceral injuries resulting
from road traffic accidents, both accompanied by dif-

fuse peritonitis. Both patients underwent exploratory

Srp Arh Celok Lek. 2025 May-Jun;153(5-6):283-289
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Blunt Liver Trauma

Hemodynamic stability

——1 -

Effective Ineffective ————m—===""""

Hemodynamic instability

emergency laparotomy is indicated for
similar intraperitoneal hemorrhages and
liver injury classifications (grade IV) [12].
Patients with hemodynamically stable blunt
hepatic trauma without other surgical in-
dications may initially receive non-surgical
treatment, reserving exploratory laparotomy
for those with hemodynamic instability,

WSES I-lll WSES IV T . ;
) | peritonitis or failure of conservative man-

[ 1 :

Nonperitonitis Peritonitis —————— » Exploratory laparotomy agement [13] (Flgure 3)
| N Surgical techniques for liver trauma
/ . . . . . .
Non-surgical treatment (fluid resuscitation, = include perlhepatlc paCklng, liver repair,
vascular embolization and anti-infection) ,z’

hepatectomy, and selective hepatic artery
ligation [14]. However, these interventions
can increase complication rates, such as

Figure 3. The clinical practice chart of blunt liver trauma; WSES - the 2020 World Society

of Emergency Surgery guidelines

laparotomy, revealing mesenteric lacerations. In the first
case, the removal of blood clots around the liver led to
persistent bleeding, severe sepsis, gastrointestinal hem-
orrhage, and eventual death. In contrast, in the second
case, blood clots around the liver were retained, resulting
in hematoma absorption, and patient recovery. This sug-
gests that preserving blood clots around liver wounds may
enhance hemostasis and reduce infection risks.

The liver’s rich blood supply and complex structure
make it susceptible to severe injuries, often leading to
hemorrhagic shock and biliary peritonitis with high mor-
tality and complication rates. Cavernous hemangioma is
the most common benign hepatic tumor, and trauma can
trigger bleeding from these lesions [5]. Patients with trau-
ma and massive bleeding are at risk of metabolic acidosis,
hypothermia, and coagulopathy, necessitating fluid resus-
citation, blood transfusion, and correction of coagulopa-
thies [6]. Damage control surgery involving sutures and
tamponades, along with resuscitation, improves survival
rates despite the high mortality [7].

Retained perilesional blood clots in blunt liver trauma
may confer protection through four mechanisms:

1) Hemostatic scaffolding: clots provide a scaffold for
platelet aggregation and fibrin deposition, enhancing me-
chanical compression;

2) Mechanical barrier: clots prevent bacterial transloca-
tion from the gut;

3) Inflammatory modulation: clots sequester pro-
inflammatory cytokines (IL-6/TNF-a) and release anti-
inflammatory mediators (TGF-f);

4) Tissue repair: fibrin matrices store growth factors
(VEGF/PDGF), promoting angiogenesis [8, 9].

These mechanisms align with the 2020 World Society
of Emergency Surgery (WSES) guidelines, supporting clot
retention as a damage control strategy [10].

Most liver injuries from motor vehicle accidents can be
managed non-surgically, with early vascular embolization
being crucial in selected cases [11]. However, blunt liver
trauma with additional abdominal visceral injuries requires
careful consideration. According to the 2018 American
Association for the Surgery of Trauma liver injury scale,
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surgical urinary wounds, respiratory tract
sepsis, and intra-abdominal abscesses [15].
Selective non-surgical strategies and en-
dovascular interventions are becoming more prevalent,
with non-surgical treatments showing lower or comparable
complication rates [16]. Nonetheless, surgical interventions
remain necessary for controlling major bleeding sites. The
2020 WSES guidelines explicitly recommend clot retention
as part of damage control surgery (Grade 1B), emphasizing
its role in hemostasis and infection prevention [10].

Non-surgical treatment complications include persistent
bleeding, biliary hemorrhage, bile leakage, and severe sepsis
[17]. Successful non-surgical management has an 85-99%
success rate, with hepatic convergence and bile leakage be-
ing the most common complications [18]. Biliary leakage
is a significant cause of sepsis in patients with blunt liver
injury and can be managed with closed suction tubes, per-
cutaneous drainage, cholangiography, or endoscopic stent-
ing [19]. Major liver injuries and progressive coagulopathy
are frequent indications for damage control surgery, ne-
cessitating precise surgical judgment and meticulous open
abdomen management to limit morbidity [20].

In this case series, we observed that retaining blood
clots around liver wounds during surgical intervention
in two hemodynamically distinct scenarios appeared to
enhance hemostasis and reduce infection risks. The con-
trasting outcomes between Case 1 (clot removal) and Case
2 (clot retention) suggest a potential biological rationale for
clot preservation, particularly in damage control surgery
for complex trauma. However, this hypothesis requires
validation through prospective multi-center studies with
standardized protocols and larger cohorts. Until such evi-
dence emerges, trauma surgeons should weigh clot reten-
tion strategies against individual patient risks, guided by
real-time hemodynamic status and institutional expertise.
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Tyna nospeaa jetpe ca npatehum nospegama abaoMUHANHUX OpraHa — Aunema 3a

TPAyMaTOJIOLLUKe Xupypre
Jn [oHr, JyjaHr Tyo, Jycjunr HaHr, Bendej Jby, Jorr Oanr

305. 6onHnua HapogHoocnobopunauke apmuje, Onerberbe 3a onwty Xupyprujy, Mekutr, KnHa

CAXETAK

YBop Tyna nospepfa jeTpe NpeTexHo ce JIeUn HEXMPYPLLIKN,
anu onTMManaH NPUCTYN NeYetby U BPeMe pellaBatba heHnX
KaCHUX KOMMIMKaLmja H1CY jacHo aeduHmcanu. Linm ose cTy-
AVje je fa NPOLieHN NPUCTYNe Neyekby 1 Ucxofe Tyne nospeae
jeTpe Kop 6onecHMKa ca MICTOBPeMEHVM MOBPeAama pyrux
abjOMUHaNHUX OpraHa.

Mpuka3n 6onecHuKa Mprikasyjemo ABa cyyaja ogpaciux my-
LKapaLa Koju cy y caobpahajHum Hesrogama 3agobunu Teluke
noBpepe jeTpe v Apyrvx opraHa. Oba navyjeHTa cy NOABPrHyTa

DOI: https://doi.org/10.2298/SARH241210033D

OMCEXHOM Jleuetby, YK/byuyjyhu xutHy nanapotomujy. Mpsu
6ONECHVIK je NMPEMWHYO ycnef TELWKMX KOMMVKaLmja, AoK je
KOA ApYror KOH3epBaTUBHO Jieuete XeMaToMa jeTpe AOBeNo
[0 NOBOJbHOT UCX0Aa.

3akspyyak OcTaB/batbe KPBHUX Yrpyllaka OKo paHe Ha jeTpu
TOKOM XMPYPLLKE VHTEPBEHLMje MOXe NOOOsbLLIATY XOMeOoCTasy
1 CMatbuTV pY3nK of nHdeKkumje. MoTpebHa cy farba ncTpaxm-
Batba ca Behum y3opLyma 3a NoTBpy OBKX Hanasa.

KmbyuHe peun: Tyna nospepa jetpe; npatehe nospepe; onepa-
TVBHO Jleuetbe; HeonepaTrBHO JleUetbe; XUTHa nanapoTommja
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Monteggia fracture associated with olecranon
fracture-dislocation Mayo IIIB
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SUMMARY

Introduction Monteggia fractures involving olecranon fractures and dislocations present complex chal-
lenges due to the need for simultaneous stabilization of multiple joint components. These injuries require
precise surgical planning and execution to restore elbow function and minimize complications such as
joint instability, nonunion, and reduced mobility. Modern surgical techniques, including the use of lock-
ing plates and careful anatomical reduction, have shown to significantly improve long-term outcomes.
Case outline This case report discusses the management of a 30-year-old female patient with a Monteggia
fracture and olecranon fracture-dislocation following a cycling accident. The patient underwent delayed
surgery due to severe soft tissue injuries. The procedure involved ulna fixation with an olecranon plate
and radial head stabilization using a FiberTape® system (Arthrex, Naples, FL, USA). Despite incomplete
rehabilitation, the patient showed satisfactory recovery with only minor limitations in elbow movement.
This case emphasizes the importance of early intervention, precise reduction, and the use of modern
fixation techniques in optimizing recovery for complex elbow injuries.

Conclusions Effective treatment of Monteggia fractures associated with olecranon dislocation requires
early intervention, precise anatomical reduction, and the use of modern fixation techniques to ensure

optimal functional outcomes and minimize long-term complications.
Keywords: Monteggia fracture; olecranon fracture-dislocation; locking plates

INTRODUCTION

Monteggia fractures, first described in 1814,
involve the dislocation of the radial head with
an ulna fracture. Although rare, these injuries
require careful surgical planning due to the
risk of complications like nonunion or limited
elbow motion. Monteggia fractures account
for only 1-5% of fractures in the elbow region.
Today, the term “Monteggia” or “Monteggia-
like” injury includes a wide range of different
fracture patterns of the proximal ulna and ra-
dial head. The treatment of these injuries in
modern traumatology remains a subject of
debate regarding different treatment strate-
gies [1, 2]. When combined with an olecranon
fracture-dislocation, treatment becomes even
more complex, as both joint parts must be sta-
bilized to achieve the best functional outcome
[2]. Various surgical techniques have been de-
scribed to manage this type of injury. Locking
compression plates are used for ulna fixation,
helping to reduce the risk of nonunion and the
need for revision surgery [1]. Proper anatomi-
cal alignment is also crucial for restoring elbow
movement [2]. Monteggia fractures combined
with olecranon dislocation are among the most
challenging elbow injuries, requiring precise
diagnosis and surgery to ensure stable fixation
and maintain joint function. Studies show that
treating such complex fractures often requires
a combination of different surgical approaches,

including lateral and posterior techniques, to
access the elbow joint fully [1]. The best sur-
gical approach for this type of injury is the
posterior approach due to the subcutaneous
location of the ulna. Additionally, the poste-
rior approach allows for extension because it
provides access to the elbow joint from both
the medial and lateral aspects. Successful out-
comes depend heavily on accurate anatomical
reduction, and incorrect implant placement can
cause complications like joint instability and re-
duced movement [2, 3]. Despite improvements
in surgical methods, long-term risks such as os-
teoarthritis and limited elbow mobility remain.
This highlights the importance of using precise
techniques during surgery [3].

The aim of this paper is to present a rare case
of a Monteggia fracture combined with an olec-
ranon fracture-dislocation and to analyze the
surgical approach and postoperative outcome
based on current studies.

CASE REPORT

A 30-year-old woman, injured in a cycling ac-
cident, was examined at the Banjica Institute
of Orthopedics, on June 5, 2024. She had
over 20 lacerations, likely from glass. X-rays
and computed tomography scans confirmed
a Monteggia-type fracture with an olecranon
fracture-dislocation (Figure 1). Due to swelling

Received « MpumbeHo:
November 16, 2024

Revised - PeBusnja:
March 6, 2025

Accepted - MpuxsaheHo:
May 13,2025

Online first: May 15, 2025

Correspondence to:

Branislav KRIVOKAPIC

Mihaila Avramovica 28

11000 Belgrade

Serbia
banedoctor1984@gmail.com



Maljkovi¢ F. et al.

Figure 1. Preoperative computed tomography imaging revealed a Monteggia fracture associated with a comminuted

fracture-dislocation of the olecranon

Figure 2. Postoperative radiological images demonstrate satisfactory
fragment repositioning and preserved joint congruence

and the location of the wounds, we delayed the surgery
for two weeks. The operation was done under nerve block
anesthesia, with the arm positioned by the patient’s side. A
direct approach was made to the ulna, and after visualizing
and mobilizing the fragments, proper alignment of the
elbow was achieved. A long olecranon plate was used for
fixation, aiming to restore the joint’s anatomy. The radial
head was repositioned through the Kocher approach, and
the annular ligament was reconstructed using a FiberTape®
system (Arthrex, Naples, FL, USA). For additional stability,
the radial head was temporarily fixed with a K-wire, which
was removed after two weeks (Figure 2). At the one-month
follow-up, the patient reported feeling well, though there
was a 20° loss of elbow extension, 10° loss of flexion, full
supination, and about 25° reduced pronation, as well as the
presence of radiographic signs of fracture consolidation.
Ethics: The authors affirm that the article adheres to
the ethical guidelines established by the Serbian Archives
of Medicine, as well as the ethical standards set by each
author’s respective institution. Written informed consent
was secured from the patient participating in the study.

DISCUSSION

Monteggia fractures combined with olecranon fracture and
dislocation require a well-thought-out surgical strategy.
Ensuring elbow stability and proper anatomical reduc-
tion of the ulna, olecranon, and radial head are critical
for functional recovery. Studies show that locking plates
improve stability and reduce nonunion compared to older
methods [1]. These types of injuries are complicated by the
presence of fractures and dislocations within the elbow,

making surgery more challenging. If stable fixation is not
achieved, long-term complications like chronic instability,
pain, and limited movement can occur [1, 2]. Outcomes
are influenced by the type of fracture and the timing of
surgery. Early surgery generally leads to better results,
while delayed intervention increases the risk of complica-
tions like arthrofibrosis and limited movement [2]. Surgical
treatment of these complex fractures remains challenging
due to the anatomical and functional importance of the
elbow. Key elements of successful treatment include stable
fixation of the ulna and olecranon, which in turn stabilizes
the radial head and restores normal elbow function [1, 3].
Wong et al. [3] stress that anatomical reduction and me-
chanical stability are vital for long-term recovery. Failure
to achieve these can result in chronic instability, pain, and
reduced mobility. They also highlight that proper reduc-
tion of the ulna and olecranon helps stabilize the radial
head, reducing the risk of postoperative instability and pain
[3]. Long-term outcomes depend on quick diagnosis and
efficient rehabilitation. Good results can be achieved if
complete reduction and stable fixation of all elbow compo-
nents are obtained, particularly if the contours and dimen-
sions of the trochlear notch are restored. Post-traumatic
arthritis and limited joint function remain potential risks
[4-9]. Zeiders and Patel [10] emphasize the need for in-
dividualized surgical approaches, particularly for injuries
involving the radial head and olecranon, which often re-
quire a combination of lateral and posterior techniques. In
our case, early surgery was not possible due to significant
swelling and wounds. We followed the principles of sta-
bilizing the elbow, anatomical reduction, and using lock-
ing plates. However, the patient did not fully comply with
early rehabilitation, affecting the final outcome. Despite
this, our results were satisfactory. Lubberts et al. [11] stress
the importance of analyzing fracture lines before surgery.
This allows for the best choice of technique and implant,
improving functional outcomes and reducing complica-
tions [11]. Das et al. [12] point out that choosing the right
fixation technique is critical, especially when dealing with
radial head dislocations. They suggest that combining pos-
terior and lateral approaches provides better visibility and
allows for more secure fixation [12]. Additionally, soft tis-
sue and ligament damage often accompany these injuries,
making surgery more difficult. Proper reconstruction of
the ligamentous structures is essential to ensure long-term
joint stability and prevent instability after surgery. The
surgical treatment of Monteggia fractures with associated
olecranon fracture-dislocation is highly challenging, but
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modern techniques, including the use of locking plates and
carefully planned procedures, significantly improve long-
term outcomes for patients [1, 2, 13-17]. The complexity of
treating Monteggia fractures associated with olecranon dis-
location demands an individualized approach and careful
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MoHTehujeB npenom yapyKeH ca npenomMoM U AUCNOKALMjOM OleKPaHOHa, TMN

Majo llIB

Ounun Mamkosuh', Anekcangap CraHojkosuh', bopuc 3ekunh’, ®uann MunaHosuh? bpanucnas Kpnsokanuh'?

"MHcTuTyT 33 opToneaujy , barwnua’, beorpag, Cpbuja;
YHnBep3uTeTCKa Aevja KnuHuKa TupLiosa, beorpapg, Cpbuja;
YHuBep3uTeT y beorpaay, MeanunHcku pakyntet, beorpag, Cpbuja

CAXETAK

YBop MoHTehrjeBn npenomm yapy»KeHu ca Npenomom 1 Anc-
NOKaLMjoM ofleKpaHOHa NPeACTaBIbajy CIIOXKeHe 13a30Be 3601
notpebe 3a MICTOBPEMEHOM CTabVIN3aL1jOM BULLE KOMMOHEH-
v 3rnoba. OBe NoBpefe 3axTeBajy NPELN3HO NIaHNpame 1
n3Boherbe XNpypLLKe MHTEPBEHLMjE Kako 61 ce moBpaTuna
byHKUMja NakTa 1 MMHUMMU30Bane KOMMvKaLmje Kao WTo cy
HecTabunHocT 3roba, HecpacTare 1 CMakbeH orcer MoKpeTa.
CaBpeMeHe XrpypLIKe TEXHUKE, YKIbyuyjyhu ynoTpeby 3akby-
yaBajyhiix niova 1 Naxsbree aHaTOMCKe peno3uumje, nokasane
Cy 3HayajHa nobosbluarba fyropoYHUX pesynTaTa.

Mpukas 6onecHuka OBaj paj pa3maTpa TPeTMaH nospeae
Koz 30-roguiitbe naumnjeHTKUHbe ca MoHTehujesrm npenomom
YAPYKEHVM Ca MPEeIOMOM ¥ AUCIOKaLIMjOM ONeKpaHOHa HAaKOH
6rumknucTuKe Hecpehe. MauyjeHTKMHbA je NoABPrHyTa OAo-
XKEHOj onepauuju 36or 036UbHKX MOBpea MeKUx TKrBa. Mpo-
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Lenypa je obyxBatinia GUKcaLmjy yiHe ca yrauykom njo4yom 3a
ONeKpaHOH 1 cTabunusaumjy pagujanHe rnase nomohy crcrema
FiberTape® (Arthrex, Hanyrm, ®J1, CALl). YNnpKoc HenoTnyHoj pe-
Xabunutauujy, NaunjeHTKMba je Nokasana 3afgoBosbasajyhu
oropaBakK ca cCamo Mak 1M OrpaHnyermMa y NMoKpeTrMa JlakTa.
OBaj cnyyaj HarnaluaBa BaXXHOCT paHOT 3axBaTa, NpeLm3He pe-
JyKuuje 1 ynotpebe MoaepHnX TexHrKa duKcaluje y ontumm-
3auujy onopaBKa Ko CJIOXKEHNX MOBPeAa NakKTa.

3akbyyvak EpekTnBHO neyerbe MoHTehmjeBor npenoma nose-
3aHOT Ca ANCIOKaLIMjOM ONIEKPAHOHA 3axTeBa PaHy MHTEPBEH-
Lujy, NpeLm3Hy aHaTOMCKY peayKuujy 1 ynotpeby caBpeMeHx
TeXHMKa drKcaLuje Kako 6y ce 06e36eanny onTUManHy GyHK-
LIVIOHANHM Pe3ynTaTi U MUHUMU30Base AyropoYHe KOMMIU-
Kauuje.

KmbyuHe peun: MoHTeDMjeB Npenom; Npesiom 1 gucnokauuja
oJleKpaHoHa; 3aK/byyaBajyha nnova
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CASE REPORT / MPUKA3 BOJIECHUKA
Wunderlich syndrome, inside out — a case report and
brief literature review

Mirjana Stojanovi¢, Perica Adnadevi¢, Tijana Kosanovi¢, Lejla Hajdarpasi¢, Marjana Dordevi¢
Dr Dragi$a Misovi¢ - Dedinje University Hospital Center, Department of Radiology, Belgrade, Serbia

SUMMARY

Introduction Renal angiomyolipomas (AMLs) are neoplasms that can rarely rupture, causing hemorrhagic
shock as the most serious complication. This pathological condition, (referring to AML) is classified as
a benign tumor arising from the proliferation of epithelioid cells, consisting of fat tissue, blood vessels,
and smooth muscle. Wunderlich syndrome describes a spontaneous, non-traumatic bleeding into the
subcapsular or perirenal space. Most individuals with renal AML exhibit no symptoms and are often
diagnosed incidentally; however, some may experience life-threatening complications such as rupture,
hemorrhage, and circumstantial hypovolemic shock.

Case outline We describe a clinical presentation of AML with rupture in a female patient with a brief
overview of other cases of AML in the literature.

Female patient, 68 years old, admitted for examination due to sudden severe pain in the abdomen with
propagation to the right lumbar region accompanied by nausea and fatigue. After a complete physical
examination, an abdominal ultrasound, and a computed tomography scan, surgery was performed during
which the right kidney was removed alongside the hematoma and the kidney envelopes, which were
sent for histopathological analysis. The result of the histopathological analysis confirmed that it was AML.
Conclusion AMLs are benign neoplasms with potentially serious complications. The most serious com-
plication of AML is rupture, leading to retroperitoneal hemorrhage, with tumor size being a significant
risk factor. Considering the clinical importance of this potential complication, it is important to establish
a swift and accurate radiological diagnosis, with the aim of timely therapeutic intervention and reduction
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of potential additional complications.
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INTRODUCTION

Renal angiomyolipomas (AMLs) are neoplasms
that can rarely rupture, causing hemorrhagic
shock as the most serious complication. This
pathological condition, (referring to AML) is
classified as a benign tumor arising from the
proliferation of epithelioid cells, consisting of fat
tissue, blood vessels, and smooth muscle. AMLs
larger than 4 cm carry a notably increased risk
of rupture; however, rupture can also occur in
smaller tumors, while larger AMLs may remain
stable. The median age for rupture of solitary
renal AMLs is around 50 years. The overall in-
cidence is approximately 0.13%, with a higher
prevalence in females, which is thought to be
related to hormonal influences. About 80% of
renal AMLs occur sporadically, whereas the
remaining cases are linked to tuberous sclero-
sis (TS) [1]. Wunderlich syndrome describes
spontaneous, non-traumatic bleeding into the
subcapsular or perirenal space. The appropri-
ate management of this syndrome depends on
confirming the diagnosis of perinephric hemor-
rhage and identifying its underlying cause [2].
Most individuals with renal AML exhibit no
symptoms and are often diagnosed incidentally,
however, some may experience life-threatening
complications such as rupture, hemorrhage, or
hypovolemic shock. Traditionally, a tumor size
of 4 cm has been used as a threshold, initially

proposed in 1986, to differentiate between pa-
tients suitable for watchful waiting and those
needing intervention. Nevertheless, this criteri-
on is now subject to debate, with recent research
suggesting that relying solely on size could result
in unnecessary treatment in certain cases [3, 4].

This case report describes a female patient
who experienced spontaneous perinephric
bleeding due to a ruptured renal AML, along-
side a short review of this syndrome.

CASE REPORT

A female patient, aged 68, was admitted to the
emergency care unit of Dr Dragisa Misovi¢ -
Dedinje University Hospital Center, Belgrade,
in October, 2023, due to severe, sudden pain
in the right lumbar region. The pain started
three days before the clinical exam with local-
ization in the left lower back. She was initially
examined by a physiatrist, who determined that
the pain was of spinal origin and prescribed
dexamethasone. Although she felt better for a
short time, on the day of the examination, the
pain reappeared, with propagation to the right,
accompanied by vomiting and weakness. The
following medical tests were performed:
General exam: blood pressure 115/70
mmHg, pulse 64 bpm. Soft abdomen, painfully
sensitive to deep palpation on the right.
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Figure 1. Abdominal ultrasound: the right kidney is enlarged, with a
hyperechoic mass encompassing the interpolar region and the upper
pole of the kidney, extending into the renal sinus; within the mass
there are irregular anechoic fields; along the lateral contour of the
kidney, there is an anechoic, dense, fluid collection with hyperechoic
streaks, and inflamed perirenal fatty tissue, suggestive of a hematoma
originating from a bleeding angiomyolipoma

Figure 2. Sagittal unenhanced computed tomography imaging of the
abdomen and pelvis showing altered right kidney with a mass situ-
ated within the interpolar region and at the upper pole of the kidney,
measuring 175 x 110 x 65 mm, with central fat density, alongside
perirenal fluid with density measuring 50-60 Hounsfield unit (density
of fresh blood), 50 mm in diameter

Laboratory analyses: leukocytes 20.4 x 10°/L, hemoglo-
bin 128 g/L, erythrocytes 4.28 x 10'%/L.

Abdominal ultrasound: The right kidney was enlarged,
with a hyperechoic mass encompassing the interpolar re-
gion and the upper pole of the kidney, extending into the
renal sinus. Within the mass there were irregular anechoic
fields, with a total diameter of approximately 90 x 60 mm.
Along the lateral contour of the kidney, there was an an-
echoic, dense, fluid collection with hyperechoic streaks,
and inflamed perirenal fatty tissue, suggestive of a hema-
toma originating from a bleeding AML (Figure 1).
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Figure 3. An intravenous-contrast-enhanced coronal computed to-
mography image shows perirenal hematoma of the right kidney and
free fluid

Figure 4. An intravenous-contrast-enhanced coronal computed to-
mography image revealed retroperitoneal hematoma, from the level
of L2 vertebra

Computed tomography (CT): Non-contrast and
contrast-enhanced CT scans of the abdomen and pelvis
revealed significant changes in the right kidney. A het-
erodense formation, measuring about 85 x 60 mm with
hypodense zones (of negative density — fat) was observed,
likely corresponding to the previously described AML.
Perirenal fluid was observed with density measuring 50-60
Hounsfield units (density of fresh blood), 50 mm in di-
ameter. Additionally, perirenal adipose tissue appeared
inflamed, permeated with hyperechoic streaks. The fluid
collection propagated medially into the para-aortic space
in the upper retroperitoneum. Subhepatic free fluid with
a layer thickness of approximately 12 mm was present.
The right adrenal gland was not visualized, in addition
to the described fluid collection. The left kidney had a
CC diameter of 92 mm, with several focal changes of fat
density in the parenchyma, reaching a diameter of up to 8
mm, characteristic of AML.

In conclusion, these findings support acute bleeding
into the right perirenal space, most likely originating from
a large AML situated in the superior portion of the right
kidney (Figures 2, 3, and 4).
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After the completion of the diagnostic procedures, a sur-
gery was performed in which the right kidney was removed
alongside the hematoma and the kidney envelopes, which
were then sent for histopathological analysis. On the cross-
section of the kidney, a tumorous change was observed in
the upper half of the kidney parenchyma, spreading to the
fatty tissue of the hilum, of a soft consistency and with areas
of hemorrhage, with an approximate size of 96 x 80 mm.
Histopathological analysis revealed that it was an AML.

Ethics: Patient consent was obtained in writing, and
the case report adheres to ethical protocols in accordance
with institutional guidelines and applicable regulations.

DISCUSSION

AMLs are uncommon neoplasms first characterized by
Morgan, Straumfjord, and Hall in 1951. Although the ma-
jority of these tumors are found within the kidneys, they
can also occur in other anatomical sites such as the liver,
spleen, uterus, and fallopian tubes. Renal AML represents a
benign neoplasm that presents sporadically and in associa-
tion with genetic syndromes like TS and lymphangioleio-
myomatosis. Renal AMLs consist of mesenchymal elements
of the kidney and are composed of varying amounts of ma-
ture adipose tissue, smooth muscle, and vessels with exces-
sively thickened walls, which is why they are referred to as
renal hamartomas [5, 6]. AMLs are categorized into three
main types: classic AML, fat-deficient AML, and epitheli-
oid AML [7]. The most significant risk linked to AML is
bleeding into the retroperitoneal space, which occurs when
the tumor ruptures. Conventionally, the evaluation of risk
has been primarily based on tumor dimensions, with tu-
mors exceeding 4 cm regarded as having a greater propen-
sity for aneurysm formation and rupture. However, recent
insights suggest that additional factors such as aneurysm
presence, pregnancy, trauma, coagulopathies, hormonal
fluctuations, and comorbidities like TS and lymphangi-
oleiomyomatosis, also play significant roles in influencing
rupture risk. There is evidence suggesting that genetic ir-
regularities may serve as an early contributing factor in the
intricate interplay of various risk elements associated with
tumor rupture [8]. The development of aneurysms may
play a significant role in the risk of tumor rupture, with the
contribution largely dependent on the presence and size of
these vascular dilations. Aneurysms are classified into two
main categories based on their pathology: true aneurysms
and pseudoaneurysms. True aneurysms, also known as
primary aneurysms, involve all three layers of the arterial
wall. In contrast, pseudoaneurysms, sometimes referred to
as false aneurysms, are hematomas restricted by surround-
ing tissues. These often result from traumatic injuries or
other breaches in the vessel wall [9, 10]. Pregnancy is also
a significant factor influencing both the progression and
the potential rupture of these tumors. The hormonal and
hemodynamic changes that occur during gestation can
accelerate tumor growth and increase the likelihood of
complications such as rupture [11]. CT remains the most
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frequently employed imaging technique for the diagnosis
of AML. The classic form of AML typically manifests as a
lesion with predominant fatty attenuation, easily identifi-
able by its characteristic low-density appearance. In con-
trast, fat-poor AMLs tend to exhibit attenuation levels that
are similar to or higher than surrounding tissues, often
showing uniform enhancement after contrast adminis-
tration. However, epithelioid AMLs generally appear as
hyperattenuating masses with a heterogeneous enhance-
ment pattern, sometimes resembling multilocular cystic
structures. This variability in imaging features reflects the
diverse pathological compositions of these tumor subtypes
[12]. Management of all AMLs must be based on a clear
diagnosis combined with a thorough evaluation of the
potential for tumor rupture. Reasons to initiate treatment
encompass concerns of cancerous transformation as well
as episodes of spontaneous bleeding, risk of rupture, and
risk for other complications. Treatment options range from
drug therapy to embolization to surgical extirpation and
depend on each individual case [8].

Recent studies published in leading urology and ra-
diology journals have highlighted significant progress in
understanding Wunderlich syndrome. Advances in imag-
ing technologies, particularly contrast-enhanced CT, have
greatly enhanced the ability to diagnose spontaneous renal
hemorrhages efficiently, often before hemodynamic insta-
bility occurs [8]. Additionally, the latest research focuses
on minimally invasive interventions, such as superselec-
tive embolization, which effectively control bleeding while
preserving renal function and minimizing recovery times
[13]. Furthermore, recent reviews emphasize the impor-
tance of early detection of underlying vascular anomalies,
like aneurysms or malformations, which are critical for
preventing recurrence and planning targeted therapy [14].
The evolving understanding of AML has contributed to
increased awareness and underscored the importance of
developing personalized, minimally invasive treatment
approaches aimed at enhancing patient outcomes, in-
cluding prognosis and quality of life for those affected by
Wunderlich syndrome.

Although they are non-cancerous lesions of the renal
tissue, AMLs can, in rare cases, rupture and trigger hemor-
rhagic shock due to sudden bleeding. Described as a non-
malignant growth, this lesion arises from the unchecked
multiplication of epithelioid cells and is composed of a
mixture of fat tissue, vascular structures, and smooth mus-
cle fibers. Retroperitoneal hemorrhage, stemming from the
rupture of the tumor, stands out as the primary complica-
tion linked to AML. The probability of this complication
increases with larger tumor dimensions, making size a key
predisposing factor. Taking into account the clinical im-
portance and seriousness of this potential complication, it
is important to establish an accurate radiological diagno-
sis in a timely manner with the aim of timely therapeutic
intervention and reducing the risk of potential additional
complications.

Conflict of interest: None declared.
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ByHAepAuxoB CUHAPOM — NpUKa3 601€CHUKA U KpaTaK Nperneg nuteparype

MwupjaHa CrojaHoBuh, Mepuua AgHahesuh, TnjaHa KocaHosuh, Jlejna Xajoapnawuh, MapjaHa hophesuh
KnuHnuko-6onHnuki ueHtap , Ap Oparvwa Muwosuh - feantbe’, Operbetbe papuonorje, beorpag, Cpbuja

CAMXETAK

YBop PeHanHu aHrmnomuonvnomm (AMJ1) cy 6eHurHe Heonnasme
Ca HUCKVM PU3MKOM Of CTIOHTaHe pynType, Koje MOory y3pOoKo-
BaTV XeMOParunjcku LWOoK Kao HajTexxy komnnukauunjy. AMJ1 ce
cacToje off MacHOT TKMBa, KPBHUX CyA0Ba 1 maTkmx muwimha.
ByHaepnvxoB CHAPOM Ce OAHOCM Ha CMIOHTaHO, HETPAYMaTCKO
KpBapetbe 13 bybpera y cyoKancynapHv u/unm neprpeHanHm
npoctop. BehunHa naynjeHata ca peHanHum AMJT-om je acum-
nTOMaTCKa U1 injarHo3a ce NocTaB/ba MPUINKOM PYTUHCKMX
npernefa, AOK HEKN MOTY I0XKMBETU 036M/bHe KOMMIKaLmje
nomnyT PynType, KpBapetba U X1MnoBOAEMUYHOT LLIOKa.
Mpukas 6onecHuKa Y pafly ce onvcyje KNMH1YKa npeseHTauyja
AMJl-a ca pynTypom Kog nauujeHTKntbe, Y3 Kpatak nperneq
apyrux cnyyvajesa AMJl-a y nutepatypu.

MaunjeHTKNba, CTapoCcTn 68 rognHa, MPUMIbEHA je Y XUTHY
cny6y 360r N3HEHAAHUX, jakux 60NOBa Yy CTOMAKY Koju Cy ce
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LWIMPUAN Y IECHW IyMOAIHU PErvoH 1 6uny npaheHy My4YHIHOM
1 cnabolwhy. HakoH KNMHWYKOT npernepa, yntpasByka abpome-
Ha 1 KoMMjyTepr3oBaHe ToMorpaduje abgomeHa 1 Kapnuue,
ypabheHa je onepaluja TOKOM Koje cy iecHU bybper 1 xemaTtom
OACTPaH-eH 1 NOCaTh Ha NaTOXUCTONOLLUKY aHanu3y. Pesyntat
NaTOXMCTONOLLKe aHann3e NoTBPAKO je Aa ce paau o AMJ1-y.
3akmyuak AMJ1 cy 6eHurHe Heomnnasme ca Moryhum 036mmb-
HUM KOMnAuKaumjama. Hajtexxa komnankauuja je pynrtypa,
Koja JOBOAM 1O PETPONEPUTOHeaNHOr KpBapeka, Npn Yemy
je BenuurHa Tymopa 3HauajaH daktop pusrka. C 063Mpom Ha
KJIMHUYKY BaXXHOCT oBe Moryhe Komnnukauuje, 6uTHo je yc-
MocTaBuTU 6P3y 1 TauHy PaAMONOLLKY AWjarHo3y, Ca LbeM
NpaBOBPeMeHe Tepanujcke HTEPBEHLMjE 1 CMatbera Moryhix
AOfaTHUX KOMMIMKaLmja.

KrmbyuHe peun: peHanHM aHMOMUOIMMOM; PaAMOOoLLKa nja-
rHO3a; PynTypa; neyerbe

www.srpskiarhiv.rs



DOI: https://doi.org/10.2298/SARH240302047N

UDC: 616.711-002.9

CASE REPORT / MPUKA3 BONNECHUKA

Hydatid cyst of the thoracic spine — where can we
make a mistake?
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'University Clinical Center of Serbia, Clinic for Orthopedic Surgery and Traumatology, Belgrade, Serbia;
2University of Belgrade, Faculty of Medicine, Belgrade, Serbia;
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SUMMARY

Introduction Spinal hydatid cyst disease, caused by Echinococcus granulosus, is a rare yet challenging
condition often overlooked in differential diagnoses.

Case outline We present the case of a 41-year-old woman with a spinal hydatid cyst initially misdiagnosed
despite persistent thoracic spine pain, night fevers, and a history of chiropractic and physical therapy
treatments. Diagnostic confusion persisted despite various examinations, including X-rays, computed
tomography scans, and magnetic resonance imaging, with radiological findings initially suggestive of
osteomyelitis or neoplastic changes. Ultimately, surgical intervention revealed a hydatid cyst, emphasizing
the diagnostic challenges posed by its nonspecific radiographic features. Treatment involved a corpec-
tomy with spinal stabilization and postoperative albendazole therapy. Regular radiographic monitoring
showed no recurrence or dissemination of the cyst.

Conclusion Despite the rarity of spinal hydatid cysts, they should be considered in cases of cystic le-
sions causing spinal compression. Surgery remains the cornerstone of treatment, often combined with
long-term chemotherapy. This case underscores the importance of considering uncommon diagnoses in
persistent spinal pathology and highlights the complexities of diagnosing and managing spinal hydatid
cyst disease.

Keywords: spinal hydatid cyst; Echinococcus granulosus; misdiagnosis; surgical treatment; chemotherapy
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INTRODUCTION

Infection of the spinal column are still one of
the leading problems in diagnosis and treatment
around the world. Most common is vertebral
osteomyelitis and ranges from 2% to 16.7% of
all cases. With an incidence peak from younger
od 20 years of age and above 50 years of age
and a predominance for male patients (male to
female ratio 2:1 and 5:1 respectively). Mortality
ranges from 2-4% and the dominant cause is
monomicrobial bacterial infections (30-80%),
but either a combination of bacterial agents or
other microorganism can be the cause of rare
spinal infections [1]. Among them, parasite
Echinococcus granulosus is the cause of the hy-
datid cyst disease [2]. Humans can contract it
as an intermediate host in the hydatid disease
biological cycle. They become infected either
directly from a dog bite or indirectly via con-
suming water or food that has been tainted
with parasite eggs [3]. Cysts are typically seen
in parenchymal organs, like the brain, liver, and
lung, but it can be present in every part of the
body, from the head to the toe, although the
bone involvement is quite uncommon [4]. The
incidence of osseous echinococcosis is low (ap-
proximately 0.5-4%).In osseous echinococcosis,
spinal involvement is the most common form,
though rare overall approximately 0.2-1% [5].
The most common spinal location is the tho-
racic spine (approximately 50%), followed by

the lumbosacral region (approximately 29%)
and the lumbar spine (approximately 21%)
[6]. Spinal hydatid cysts have become a raising
problem in recent years. Although vast array
of laboratory tests and radiological diagnostic
tools are available the spinal hydatid disease are
generally overlooked in differential diagnosis
possibly due to the rate of occurrence and to
medical community lack of awareness [7]. In
this case, we present a female patient with spinal
hydatid cyst, which has been misdiagnosed.

CASE REPORT

A 41-year-old female presented with a several-
month history of pain in her thoracic spine,
accompanied by night pain and fever with no
neurological impairment. She was physically
very active and had no underlying comorbidi-
ties. She refused to undergo examination, and
went to a chiropractor treatment who per-
formed periarticular infiltrations, but there
was no improvement. Subsequently, she initi-
ated private physical therapy independently,
without prior medical advice or referral.
Despite long-term physical and drug therapy;,
the pain was still present, she underwent X-ray
examination, which were with no pathological
finding. Laboratory results revealed a slight el-
evation in the erythrocyte sedimentation rate.
She also underwent psychiatric examination; a
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Figures 1A and 1B. Preoperative computed tomography scan of tho-
racic spine: axial and sagittal section of multiple levels of thoracic spine
which showed paravertebral and prevertebral change from Th5-Th9
with infiltration and osteolysis of vertebral bodies, disc space and spi-
nal canal, with connection to S6 lung segment

diagnosis of anxiety had been established. Despite drugs
and physical therapy, the pain was worsening. Finally,
three months after the initial onset of symptoms, the
patient underwent a computed tomography (CT) scan,
which showed paravertebral and prevertebral change from
Th5-Th9 with infiltration and osteolysis of vertebral bod-
ies, disc space and spinal canal, with connection to S6 lung
segment. Radiological conclusion was osteomyelitis or
lung tumor with lymphadenopathy (T3N1M1a) (Figures
1A and 1B). A nuclear magnetic resonance imaging
(MRI) of the thoracic spine was conducted which revealed
changes from Th5 to Th8, posterior ribs VI and VII,
prevertebral and paravertebral, and in the lung, spread
epidural with foramina infiltration and compression on
roots Th6 and Th7. The radiological conclusion: tuber-
culous (TBC) spondylitis or neoplastic change (Figure

Figure 2. Preoperative nuclear magnetic resonance of thoracic spine:
axial and sagittal section of multiple levels of thoracic spine which
showed a visible cyst that invades most of several vertebral bodies
and the spinal canal, also S6 lung segment
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Figure 3. Intraoperative findings: transpedicular stabilization with
screws

Figure 4. Postoperative findings: X-ray — anteroposterior and lateral
view: properly positioned osteosynthesis material

2). She underwent bronchoscopy (with normal findings),
QuantiFERON-TB test (the findings were negative) and a
Tru-cut biopsy of the lungs which have shown monocyte/
histocyte proliferation, possible inflammatory myofibro-
blastic tumor or pneumonitis. The patient was referred to
an oncologist who indicated radiotherapy of the infiltrated
segment. However, the patient declined this modality of
treatment, and was referred to a spinal surgeon. After
a clinical examination and a thorough reviewing exis-
tent medical documentation and available radiographic
sources, we suggested surgical treatment, open transtho-
racic approach with a biopsy of the affected region and a
corpectomy with an implantation of an expandable cage
and subsequently a posterior transpedicular stabilization
(Figures 3 and 4). Postoperatively there was no neurologi-
cal impairment. Biopsy of the lesion has shown a hydatid
cyst caused by Echinococcus granulosus. Postoperatively,
the patient was treated with albendazole for six months
and routinely monitored by both a spinal surgeon and an
infectious diseases specialist. Follow-up imaging was per-
formed at three, six, 12, and 24 months, with no evidence
of cyst recurrence or dissemination.

Ethics: The study was approved by the Ethics Committee
of the University of Belgrade Faculty of Medicine (Decision
number 1051/3), and carried out in accordance with the
Helsinki Declaration and its amendments. This case report
analyzes data collected in the period preceding the writ-
ing of this article, in accordance with the provisions of the
Law on the Protection of Personal Data of the Republic of
Serbia. Insight into the patient records in this case report
was obtained in accordance with Article 3 of the above-
mentioned Law, which necessitates a precise definition of
how this data may be used. Informed consent was obtained
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from the patient. In keeping with the University Clinical
Center of Serbia regulations, the patient consented to par-
ticipate in any retrospective studies by signing her consent
to hospitalization and treatment, as well as to the use of
her medical data in this case report.

DISCUSSION

Spinal hydatid cyst illness is a rare and challenging con-
dition to manage. An endemic condition, spinal hydatid
cyst disease is typically observed in nations along the
Mediterranean and in the Middle East [8]. The most com-
mon spinal location is the thoracic spine (approximately
50%) and most patients with thoracic spine echinococ-
cosis had a history of extraspinal cystic echinococcosis,
most commonly of the lungs, liver, kidneys, and soft tis-
sues [9]. Our patient had no comorbidities. Hydatid cysts
typically extend beyond the vertebral bodies, frequently
affecting the intervertebral discs, spinal cord, and posterior
elements, with potential growth into the spinal canal [10].
Radiographic diagnosis is challenging because there are
no specific findings consistent with spinal echinococcosis;
misdiagnosis is common with radiographs only and the
lesions can be confused with tumors such as metastases
and chondroblastoma, or other infections such as tuber-
culosis, spinal or paraspinal abscess [11]. In our case, the
X-ray were without any radiological features which are
pathognomonic for hydatid cyst (zones of multilocular
osteolysis) [12]. Typical CT finding is multilocal, round
cyst, with erosion of vertebral body and posterior elements.
Further, the cyst density can be measured in order to con-
tirm diagnosis, which was not done in our case. MRI is
more sensitive than CT and revealed multiple cystic, fluid-
filled lesions with internal septations, forming a “bunch of
grapes” appearance at multiple spinal levels [13]. Regarding
laboratory findings, polymerase chain reactions, Western
blots, indirect hemagglutination tests, and serological en-
zyme-linked immunosorbent assays are utilized for diag-
nosis [14]. In our case, CT and MRI scans revealed changes
in anterior parts of vertebral body, including disc space.
Our case was challenging regarding proper diagnosis and
surgical approach. Our patient had a paravertebral and
prevertebral change from Th5-Th9 with infiltration and
osteolysis of vertebral bodies, disc space, and spinal canal,
with connection to S6 lung segment. What was confusing
for radiologist is involvement of disc space, which is not
characteristic for hydatid cyst [15].

The diagnostic procedures that were conducted were
bioscopy, QuantiFERON-TB test, and a Tru-cut biopsy
of the lungs, as well as a CT scan and a nuclear MRI scan.
Biopsy is indicated when other radiological findings are
not clear [16]. However, in hydatid cyst, biopsy can lead to
the rupture and systematic reaction, hence biopsy should
be avoided. After Tru-cut biopsy in our case, the diagno-
sis of inflammatory pseudo tumor has been established.
We had no experience with this kind of tumor and in the
literature, we found many names related to this lesion like
fibrous xanthoma, plasma cell granuloma, pseudosarcoma,
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lymphoid hamartoma, myxoid hamartoma, inflammatory
myofibrohistiocytic proliferation, benign myofibroblas-
toma, and most recently, inflammatory myofibroblastic
tumor [17]. The treatment is based on two pillars: chemo-
therapy and surgical treatment. Surgical treatment is the
treatment of choice. Among diverse surgical approaches
and techniques, posterior laminectomy and fusion is the
treatment of choice. However, it can be combined with tho-
racotomy [18]. According to literature, the main drawbacks
regarding the surgical treatment are: systematic allergic
reaction, recurrence, and general contraindications [19].
Pharmacologic treatment consists of administration of an-
ti-parasitic drugs such as benzimidazoles (albendazole and
mebendazole) [20]. According to the Turgut [21], patients
that have a low rate of recurrence are those with combined
pharmacological therapy (5% in patients treated with com-
bined modalities, and 32% in those patients who only un-
derwent surgery). We were against radiation therapy and
chemotherapy, which was suggested by radiologist and we
offered surgical treatment in order to confirm diagnosis, to
make complete resection of the lesion and to stabilize the
spinal column, which was expected after complete removal
of the cyst. The aim of spinal surgery, depending on where
the condition is located, is to decompress the spinal cord
and, if necessary, to stabilize the spinal column to make
up for the stability that was lost during cyst excision. This
postulate is related to all spinal pathologies. We performed
corpectomy with an implantation of an expandable cage,
and a posterior transpedicular stabilization and cyst re-
moval, as we could not perform anterior fixation due to
lack of availability of implants. Albendazole can be helpful
in preventing or delaying recurrence as well as preventing
intraoperative dissemination of the cyst, even though it is
well known that it cannot guarantee recovery or prevent
recurrence when used alone [3]. This is especially true
when used as an auxiliary application in patients who
are ineligible for surgery or in conjunction with surgical
treatment. Our patient was treated with albendazole (in-
travenously administered) for six months after the initial
surgery. A cysticidal substance (hypertonic 30% saline,
cetrimide, or 70-95% ethanol) can be used. During the
procedure our patient underwent, we did not use any type
of cysticidal substance, only hypertonic saline solution was
used as an irrigation method as well as an iodine solution
[22]. The risk of recurrence has varied between 30% and
100% [23, 24]. Our patient underwent regular radiological
follow-up at three, six, 12, and 24 months post-surgery,
with no evidence of cyst recurrence or dissemination. The
limitation was that the patient was lost to follow up after
two years of initial operation. We are aware that spinal
hydatid cyst has been already described in literature and
the diagnosis and treatment options are well known and
evidence-based. However, our opinion was that this case
is interesting due to several peculiarities: wrong patient
behavior, wrong working diagnosis, histopathological find-
ing of the biopsy, as well as the type of surgical treatment.

Our case showed that hydatid cyst is still a challenging
medical issue, despite available diagnostic tools, due to the
various and unspecific clinical and radiological features.
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Hydatid cyst of the thoracic spine - where can we make a mistake?

The clinical course leading to diagnosis can be long and
difficult. The spinal hydatid cyst should be considered in
the differential diagnosis when there are cystic lesions that
cause osteolysis and spinal compression. The therapy of
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XupgatmaHa yucra TOpadKa/iHe Knime — rge moxXemo I10I'p€I.LIVITM?

Ypouw Hosakosuh'2, Munan Casuhi3, Munow Bacuh', Banepuja Teogocuh'?, Cnasuiwa 3aropaty'?
'YHUBep3nTETCKN KNMHWUYKY LeHTap Cpbuje, KnuHuka 3a opToneacky xupyprujy 1 Tpaymatonorujy, beorpag, Cpbuja;

*YHusep3uTet y beorpagy, MeanunHcku gakyntert, beorpag, Cpbuja;

YHnBep3nUTeTCKI KNUHUYKK LieHTap Cpbuje, KnuHuka 3a TopakanHy xupyprujy, beorpag, Cpbuja

CAXETAK

YBop LinctnyHa exnHokoko3a (Mnv xupgatnpHa umcra) no-
Kann3oBaHa Ha KNYMEHOM CTyby, y3pOKoBaHa LleCTOAOM
Echinococcus granulosus, npefcTaB/ba PeTKO anui 13a30BHO
CTame, Koje ce YecTo 3aHemapyje y audepeHunjanHoj auja-
THOCTMLN.

Mpukas cnyuaja MNpegctaBbamo cnyyaj 41-roaniltbe XeHe
Ca UMCTUYHOM eXMHOKOKO30M Ha KMYMEHOM CTy0y, Koja je
NPBOOUTHO MOTPELLIHO AVjarHOCTUKOBaHA YNPKOC YMOPHMM
60510B/IMa Y TOpaKanHoj KMumu, HORHOj rPO3HNLM 1 NCTOPWUjA
KnponpaKkTuyHe n pusnkanHe Tepanuje. HenssecHocT y au-
jarHocTuKoBatby 601eCTV Tpajasia je ynpKoc pas3HuM nperse-
AMMa, YKIbydyjyhn peHAreHcKe CHUMKe, CKeHepe 1 MarHeTHY
pe30oHaHLy, Ca PaavoNOLIKMM Hafla3uMa Koju Cy MpBOGUTHO
yKa3viBasm Ha OCTEOMUJENUTIC N HeOMacTyHe mpomeHe. Ha
Kpajy, XMpypLUKa MHTEPBEHLWja je OTKpuna XmaaTuany LnCTy,
Harnawasajyhu gujarHocTuuke n3a3oBe Koje NpeAcTaBsbajy

DOI: https://doi.org/10.2298/SARH240302047N

tbeHe HecrnewydryHe paguorpadcke KapaktepuctTuke. Jleuerbe
je 6rno onepatrBHO, ypaheHa je KoprnekTomuja ca cTabunmsa-
LIMjOM KMUYME, @ YKIbyUBaso je 1 NoCcTonepaTuBHy Tepanujy
an6exgasonom. PegoBHo paguorpadcko npaheme Huje noka-
3a10 peuunavB NI gucemMmHaLmjy LucTe.

3aksbyuak Mako cy xupgatugHe umcTe Ha KMYmeHom cTy6y pe-
TKe, Tpeba ux y3eTn y 0631p y cnyyajeBrMa LNCTUYHNX Ne3u-
ja Koje n3a3uBajy Komnpecujy KniumeHe MoxguHe. Xupypruja
0CTaje OCHOBHY HauVH Nleyetba, YecTo y KoMOMHaLwmju ca ay-
rotpajHom xemmotepanujom. OBaj cnyyaj Harnalasa BaXKHOCT
pa3maTparba HeyobryajeHX ArjarHo3a y TpajHoj NaTonormjm
KMYMeHOr cTy6a, Kao 1 CNOXKEHOCT ANjarHOCTUKOBaka 1 Jie-
uetba 60/1eCTU XMAATAHE LIMCTE JIOKaNN30BaHe Ha KMYMeHOM
cTyby.

KrbyuHe peun: xupatvfHa UMCTa; KuumeHu cty6; Echinococcus
granulosus; norpeLuHa gujarHo3a; XvpypLUKO JieYeHe; XemMno-
Tepanuja
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SUMMARY

Cerebral visual impairment (CVI) is the most common cause of visual impairment in children in both
developed and developing countries, making it a relevant research topic on the functional status of
neuro-risk children in recent decades. The multifactorial nature of West syndrome (WS) and the vari-
ability in visual functions and functioning hinder the timely diagnosis of this type of visual impairment.
The atypical ways of following stimuli, establishing and maintaining visual contact, and sustaining visual
attention are the first indicators of deviations in visual behavior that may suggest neuro-risk. Changes in
visual behavior may manifest as alterations in the quality or absence of visual responsiveness, deficits in
various visual functions and oculomotor skills, often associated with atypical findings in visual evoked
potentials. Cortically mediated visual functions, such as visual acuity, visual field, contrast sensitivity,
and oculomotor skills, are also at risk in children with infantile spasms and WS. In addition to basic
visual functions, visuo-perceptual and visuo-motor skills are significantly affected, which is manifested
in everyday behavior and motivation to observe. The degree and manifestations of CVlin children with
infantile spasms depend on numerous factors. Multidisciplinary diagnostic procedures that determine
whether cerebral visual impairment results from genetic factors, WS, or other neurological conditions

are crucial for creating treatment plans and predicting outcomes.
Keywords: visual impairment; epilepsy; functional vision

INTRODUCTION

West syndrome (WS) is a severe form of child-
hood epilepsy characterized by a specific type
of seizure (infantile spasms), an electroenceph-
alogram finding showing hypsarrhythmia, and,
depending on the age, developmental regres-
sion or delay [1-5]. Infantile spasms occur at
an early age, between four and seven months.
They are most often the result of hypoxic-
ischemic encephalopathy, cortical dysplasia,
or genetic anomalies [6]. The onset of this
type of seizure can be very subtle, making it
difficult to recognize milder forms when the
first symptoms appear [7]. These seizures are
most commonly manifested as flexions and ex-
tensions of individual muscle groups, usually
after waking up or before sleep. Myoclonus can
last from 5-30 minutes and consist of 5-100
spasms [8]. If medication therapy is ineffective,
the seizures negatively affect the condition of
the immature brain, leading to delays or regres-
sion in the child’s development [9, 10].

WS is a cause of generalized epilepsy.
However, it can be associated with localized
cerebral damage, primarily in the temporal-
occipital regions. Infantile spasms can patho-
logically affect the optic radiation and/or vi-
sual cortical areas, leading to cerebral visual
impairment (CVI). Timely recognition of this

association is a significant challenge for pe-
diatric ophthalmologists and neuro-ophthal-
mologists [11, 12]. The multifactorial nature
of WS and the variability in visual functions
and visual functioning hinder timely diagnosis.
Some studies have confirmed that visual func-
tioning deteriorates with the onset of the first
spasms caused by WS, leading to impairments
in visual functions controlled by the cerebral
cortex, such as visual acuity, visual field, and
visual attention [13]. Deficits in visual func-
tioning, primarily related to damage to the
visual pathways after the chiasm and cerebral
structures, are commonly referred to as cere-
bral visual impairment [11, 14]. Cerebral visual
impairment is the most common cause of pedi-
atric visual impairment [15], i.e., disturbances
in visual functioning and visual perception
in children in both developed and develop-
ing countries [15, 16, 17]. In recent decades,
cerebral visual impairment has been a highly
relevant research topic on the functional status
of neuro-risk children [18, 19].

DIAGNOSIS AND DIFFERENTIAL
DIAGNOSIS OF CVI

The extensive literature on this impairment
uses three terms: cortical visual impairment,
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cerebral visual impairment, and cognitive visual impair-
ment, all abbreviated as CVI [20]. The need to determine
the appropriate term arises from the fact that limitations
in visual functioning cannot be attributed to ocular dam-
age. The term “cortical” explains bilateral vision loss due
to damage to the visual areas of the cerebral cortex [21],
with normal pupil response and clinical examination [18].
The term “cerebral” encompasses a broader range of lesions
within the central nervous system, with visual impairments
not only related to the cortex but also to subcortical struc-
tures [22]. One of the recent papers by Costa [20] empha-
sizes the importance of terminological alignment. This
author believes that terminology should serve to integrate
anatomical and physiological characteristics and that cen-
tral visual impairment (CVI) should be the umbrella term
encompassing both cortical visual impairment (CoVI) and
cerebral visual impairment (CeVT).

Cerebral visual impairment is associated with various
neurological conditions, such as hypoxic-ischemic enceph-
alopathy, periventricular leukomalacia, intraventricular
hemorrhages, syndromes, etc. [15]. These conditions often
cause co-occurring disorders and impairments, such as
cerebral palsy, hemiparesis, microcephaly, hydrocepha-
lus, epilepsy, hearing problems, developmental delays, etc.
Therefore, differential diagnosis is essential for treatment
purposes [12, 23, 24]. Researchers state that it is challeng-
ing to isolate cases in which CVI is genetically determined
or congenital from those resulting from WS or other neu-
rological conditions. Lack of interest in the environment,
which is typical of autism or intellectual disability, inability
to perform saccades (rapid eye movements) in a child with
motor apraxia, or delays in visual maturation can mimic
CVL. In these cases, the diagnosis may be rushed, incorrect,
and not reflect the child’s actual condition [11]. Symptoms
of cerebral visual impairment include the absence of social
communication and smooth eye movements, difficulties
in fixation, visual scanning, and searching the materials
and the environment, as well as the presence of nystagmus
[12]. However, without a detailed analysis of all parameters
and transdisciplinary collaboration, a diagnosis cannot be
made, and treatment cannot be proposed [14].

CVI - SPECIFIC FEATURES IN WEST SYNDROME

The relation between infantile spasms / WS and cerebral
visual impairment derives from the fact that they have the
same causes [25]. Infantile spasms coincide with the most
intensive visual development, which explains the difficul-
ties in visual functioning [5]. These difficulties may be
a signal for detecting neurological changes, particularly
when the seizures are subtle and cannot be timely identi-
tied by parents or professionals [1, 7].

CVIis a complex condition, most commonly caused
by damage to cerebral structures and/or visual pathways.
Authors increasingly report that ocular problems, such
as anomalies of the fundus or optic papilla and dam-
age to other structures of the peripheral visual system,
are also observed alongside cerebral structural damage
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[26]. Conditions such as strabismus, refractive errors,
nystagmus, etc. frequently co-occur with CVI, negatively
impacting visual functioning [27]. In acquired CV], the
most common ocular changes include strabismus, visual
field deficits or alterations, and a pale optic papilla [14].
The range of these changes indicates that difficulties in
visual functioning can vary from delayed to complete ab-
sence of visual responsiveness [14, 28]. These changes may
manifest as alterations in the quality or absence of visual
responsiveness, deficits in various visual functions, and
oculomotor skills [13], often associated with altered find-
ings in visual evoked potentials. The first deviations in
visual behavior observed by parents involve the way a child
tracks stimuli, maintains visual attention, and establishes
and sustains eye contact [29]. Loss of social contact and
visuo-social responsiveness may signal the presence of WS
[4]. Furthermore, studies have shown that the loss of visual
responsiveness coincides with the onset of seizures [30].
Numerous researchers identify unstable visual attention
and fixation disorders as primary symptoms of cerebral vi-
sual impairment [31]. Cortically mediated visual functions
- visual acuity, visual field, contrast sensitivity, and oculo-
motor skills — are at risk in children with infantile spasms
and WS [5, 32]. Oculomotor disturbances are common,
with upward gaze deviation and nystagmus being the most
frequently observed [13, 30]. According to some authors,
these disturbances result from pathological changes in
brain activity [33]. Delayed fixation shifts and brief visual
attention are already noticeable at the age of three months
and may be associated with sleep difficulties and damage
to ascending tracts [13, 30]. In WS, the visual tracking
skill is often absent or inconsistent and fragmented [33].
Visual behavior in children with CVI and WS is charac-
terized by frequent blinking, eye squinting, and latency in
detecting stimuli during visual scanning [14, 30, 32]. In
addition to basic visual functions, visuo-perceptual and
visuo-motor abilities, particularly hand-eye coordination,
are significantly impaired in children with CVI and WS
[13]. Difficulties in visuospatial abilities, caused by reduced
blood flow in the parieto-occipital region, are manifested
during orientation and mobility, as well as while determin-
ing spatial relations [34]. Regression in cognitive function-
ing affects the motivation for observing and maintaining
visual attention, making visual scanning and searching
the materials and the environment challenging for these
children [30, 35].

INFANTILE SPASMS - WEST SYNDROME THERAPY
AND VISUAL FUNCTIONING

Determining therapy with favorable long-term effects is
closely related to the timing of seizure detection and iden-
tifying the cause, i.e., the etiology of infantile spasms (IS),
which often requires genetic testing [6]. In 70% of cases,
typically in symptomatic IS, the etiology of seizures can
be identified, while the remaining cases are of unknown
origin [6]. Changes in visual functioning, as well as other
developmental domains, are closely related to seizure
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control and the use of medication therapy. If the therapy
does not have the expected effect, it is necessary to make
adjustments, monitor the child’s development, and conduct
assessments every six months [2]. In children with infantile
spasms leading to cerebral visual impairment, the results
are noticeable after a few months of therapy unless severe
visual system damage previously occurred [11, 31].

The negative impact of infantile spasms on all domains
of development and functioning, along with pronounced
resistance to numerous antiepileptics, sometimes requires
the implementation of more aggressive therapy. Therapy
for infantile spasms is based on the use of valproate (val-
proic acid) or adrenocorticotropic hormone (ACTH) [2,
8]. Medications used in treating infantile spasms, such as
vigabatrin or corticosteroids, often have sedative effects
and can influence visual attention and visual functioning,
manifested through prolonged visual latency. However, it is
sometimes difficult to determine whether this behavior is a
result of the medication or the persistence of seizures [1, 30].

Vigabatrin is the medication of choice for treating
infantile spasms. However, its toxic effects on the retina
are often emphasized, as evidenced by findings obtained
through electroretinography and optical coherence to-
mography [10]. Long-term vigabatrin therapy can lead to
permanent concentric narrowing of the visual field. On the
other hand, exposure to this medication for less than nine
months is not a significant risk factor for visual impair-
ment, especially in children who started therapy after their
first year of life [36, 37]. In some children, difficulties in
visual functioning are not related to the use of vigabatrin,
as they were present before the medication was adminis-
tered [10]. Most researchers agree that the results depend
on the medication dosage, the therapy duration, and the
presence of additional ophthalmological conditions [36,
37]. Unlike valproate, adrenocorticotropic hormone and
prednisone do not have a negative impact on visual func-
tions [2]. Alternative forms of therapy include medica-
tions such as topiramate, zonisamide, and clonazepam,
as well as the implementation of a ketogenic diet under
strict professional supervision. Studies have shown that
these medications successfully control seizures in indi-
vidual cases. However, there is no evidence that they are
more effective than primary therapy, making them only a
potential supplementary option [2].

IMPLICATIONS FOR EARLY INTERVENTION

When considering the role of vision in brain development,
particularly the importance of early visual experience, the
right of children with WS to be included in early interven-
tion programs focused on vision and visual functioning is
indisputable. In children with infantile spasms, assessing
visual functioning alongside an ophthalmological exami-
nation is essential to form a comprehensive visual profile
and select a treatment to improve functional vision [18].
Direct functioning assessment in children with CVI and
multiple disabilities is very challenging since there is often
no appropriate way for the examiner to cooperate with
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them. Therefore, researchers worldwide have developed
various assessment methods, including both quantitative
and qualitative measures [38]. The principle that various
child characteristics require multiple methods, i.e., thor-
ough assessment, plays a key role in the comprehensive
diagnosis and selection of rehabilitation programs for chil-
dren with CVI [39]. We can gain insight into the child’s
functional vision and visual functioning by observing the
child in various situations, collecting data from family
members about the specifics of visual behavior, and di-
rectly assessing visual abilities [11]. This is particularly
significant at an early age, especially in the presence of
risk factors that may lead to difficulties in visual attention,
processing, and understanding what is observed. The as-
sessment of unique behavioral characteristics in children
with CVI, timely inclusion in vision (re)habilitation, and
monitoring the impact of epilepsy and medication therapy
on visual functioning, using different protocols, allows
for the observation of the child’s progress over time [40].
According to data from 2020, 1.4 million people in Serbia
had some form of visual impairment, of which 116,000
face serious consequences in visual functioning [41]. Given
that there is no official registry for CVIand that priority in
treatment is given to the primary condition, it can be as-
sumed that the number of people who need support in the
area of visual functioning is significantly higher. Although
consensus on terminology, diagnostic methods, monitor-
ing, and rehabilitation has not yet been reached, when
CVl is confirmed through multiple assessment methods,
various types of adaptations in everyday conditions and
visual training can improve the child’s visual functioning
[38]. The relation between visual functioning and cogni-
tive abilities strongly indicates the importance of vision
rehabilitation [13], and the unique characteristics allow
for creating individualized intervention guidelines, which
include environment modifications and counseling for par-
ents. Along with vision rehabilitation based on the assess-
ment of vision and visual functioning, an individualized
approach can contribute to creating conditions for achiev-
ing optimal development levels in children with WS [4].
Considering that there is often a white-matter reduction in
these children, the consequences on cognitive functioning
can be diametrically different [6, 9], leading to a significant
number of uncertainties related to the planning, course,
and outcomes of treatment.

CONCLUSION

The diversity of factors that influence the functioning char-
acteristics of individuals with WS (epidemiology, location
of damage, frequency of infantile spasms, age of onset, etc.)
makes this population highly heterogeneous, presenting
specialists with complex tasks related to the assessment of
functioning, treatment planning, and predicting treatment
outcomes. The pathological impact of this type of epilepsy
on the optic radiation and/or visual cortex areas, visual
functions, and visual functioning clearly emphasizes the
importance of controlling the spasms. Timely detection of
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sometimes subtle behavioral changes in a child and inclu-
sion in diagnostic procedures to detect central nervous
system damage, specifically WS, can mitigate its impact on
visual functions and visual functioning. If CV1 is identified
in children with WS, environmental adaptation should
be implemented in accordance with the degree of visual
difficulties. The results of intervention-oriented transdisci-
plinary assessment form the basis for creating a treatment
plan. Future research should aim to develop standardized
assessment protocols for CVI specifically adapted to the
needs of children with infantile spasms.
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BusyenHo ¢pyHKLUMOHUCabE U LepebpanHo owTehere BUAA Ko Aeue ca
UHPAHTUNHMM cnasmuma — BecTOBMM CUHAPOMOM

BecHa ByunHuh', BaneHtuHa Maptah', Hatawa Lieposau??, Mupocnas CrameHkoBuh'
'YHuBep3uTeT y Beorpagy, OakynTet 3a crielujanHy eaykauujy u pexabunutauujy, beorpag, Cpbuija;

*YHusep3uTet y beorpagy, MeguunHcku dakyntet, beorpag, Cpbuja;

*YHnBep3nUTeTCKI KNUHUYKM LieHTap Cpbuje, KnuHuKa 3a Heyponorujy 1 ncuxujatpujy 3a Aewy v omnaguHy, beorpag, Cpbuja;

*KnuHnuko-60nHNYKM LieHTap ,3Be3aapa’, beorpaa, Cpbuja

CAXETAK

LlepebpanHo owtehere Braa Hajuelwhn je y3pok owTeherba
BMZa KO fieLie y pa3BujeHr M 1 3emibama Y pa3Bojy, LUTO ra no-
CnefitbNX HEKOMNKO AeLeH]a YVHU aKTYeTHOM UCTPAXKMBAUKOM
TEMOM Yy OKBUPY AMCLMMNIVHA Koje ce 6aBe GYHKLMOHANMHNM
CTaTyCoOM Heypopu3unyHe fete. MyntrpakTopcKa ycnoB/beHOCT
BecToBor cuHapoma 1 BapujabunHOCT CTakba BU3YenHUX GyHK-
umja 1 BU3yenHor GyHKLMOHNCarba OTeXaBajy braroBpemeHy
[MjarHOCTVKy OBe BpcTe owTehera BrAa. ATUNMYAH HauMH
npahetba CTUMYIyCa, YCNOCTaB/batba U 0fp»KaBatkba BU3YEeTHOT
KOHTaKTa, Kao 1 3afipXaBatbe BU3yeNiHe Naxtbe, MPBU Cy NMoKa-
3aTesbyl OACTYNakba y AOMEHY BU3YeNTHOT MOHaLLakba, Kojui Mory
[la yKaxy Ha MocTojatbe Heypopusuika. [IpomMeHe y BU3yenHoM
MOHalLakby MOy fla ce MaHUGECTYjy Kpo3 MPOMEHyY KBanmTeTa
NN U30CTaHaK BU3yesTHE PECTIOH3VBHOCTY, AeduLyTe y pasnu-
YUTUM BULHUM GYHKLMjaMa 11 OKYJIOMOTOPHLIM, LUTO Ce NoBe3yje
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Ca U3MEHEHVIM HaNla30M BU3YeNTHUX EBOLIMPaHUX MOTeHLujana.
KopTukanHo nocpepoBaHe BrHe GyHKLVje — OLITPWHA BUA,
BUAHO MOJbe, OCET/bMBOCT Ha KOHTPACT 1 OKYJIOMOTOPMKA KOJ,
AeLe ca MHGAHTUIHUM Cra3myma 1 BeCTOBMM CUHAPOMOM Tako-
He cy y pu3nky. Ocum 6a3nuHnX BUAHUX GyHKLMja, 3HaUajHO Cy
YIPOXEHE BI3yornepLEnT/BHE 1 BU3YOMOTOPUYKE CMOCOOHOCTY,
LITO ce MaHVPecTyje y CBakOAHEBHOM MOHaLLaky U yTuye Ha
MoTVBaLMjy 3a refatbe. CreneH v MaHudecTaumje LiepedpanHor
owTehera B1Aa KOA felle ca MHGaHTUHUM Cna3Mima 3aBmce
of 6pojHUx dbakTopa. MynTuaMCLUNAMHAPHW ANUjarHOCTUYKN
MOCTYNUM KojUMa ce MOXKe yCTaHOBUTY Aa Nu je LiepebpanHo
owrTehetrbe B1Aa noceauLia reHeTckmx Gpaktopa, BectoBor cnH-
APOMa VA JPYrX HEYPOOLLKYX CTakba, Of BENMKOT Cy 3Hayaja
3a Kpeupatbe MnaHa 1 npeasubatbe Ncxoaa TpeTMaHa.
KmbyuHe peun: owtehemne Buaa; envnencuja; GyHKLMOHaNHM
BUA
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Risky sexual behavior of people with developmental
disabilities and prevention
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SUMMARY

The paper analyzes the results of studies that have explored the causes and prevention of risky sexual
behavior in individuals with developmental disabilities.

The importance of the chosen topic lies in the fact that sexuality is one of the fundamental dimensions
of human existence, which is influenced by biological, psychological, socio-economic, cultural, ethical,
religious, and other factors.

Recent studies suggest that risky sexual behavior, including unprotected and unsafe sexual relationships,
result from a lack of appropriate prevention and education programs, limited access to healthcare infor-
mation, misunderstanding of instructions and safety warnings, difficulty communicating with healthcare
professionals, inadequate societal care, and a lack of self-esteem.

The authors of the studies analyzed recommend that the content of preventive programs be adapted to
individuals with developmental disabilities, in order to develop appropriate attitudes toward sexuality
and a sense of responsibility for one’s own health and the health of a partner. Providing informational
brochures and guidelines on sexual health and the consequences of risky sexual behavior tailored to
the reading abilities of people with developmental disabilities would improve accessibility and increase
the quality of healthcare services.

Involving parents in empowerment programs and providing timely information about their children’s
sexuality and sexual health, as well as encouraging children with developmental disabilities to participate
in conversations with parents about these sensitive topics, can have a positive impact on preventing
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INTRODUCTION

As a topic significant for their overall function-
ing, the sexual life of people with developmen-
tal disabilities has been at the margins of re-
searchers’ interest [1, 2, 3]. The sensitive nature
of this topic and methodological barriers have
also contributed to neglecting this research
field. A significant number of studies focus
on appropriate sexual behavior, with special
emphasis on children with autism spectrum
disorder and intellectual disability [4]. Risky
sexual behavior is considered a significant fac-
tor affecting reproductive and overall health in
young people. It is the cause of teenage preg-
nancies, sexually transmitted infections, sexual
victimization, and other adverse health effects
[5, 6].

Various factors can influence the occurrence
of risky sexual behavior. They can be divided
into environmental and personal factors, but
are always interrelated. The most important en-
vironmental factors include, but are not limited
to, the availability of psychoactive substances,
poor financial situation, unemployment, inade-
quate connection with the community, a family
history of problematic behaviors (e.g., alcohol
and substance abuse, domestic violence and
abuse), problematic behavior of peers the per-
son interacts with, social isolation, and school
failure [6, 7]. Personality traits are closely

related to substance abuse and, thus, low self-
esteem, emotional problems, and developmen-
tal disabilities belong to the group of factors
associated with engaging in risky sexual rela-
tions. The likelihood of risky sexual behavior
is much greater when multiple risk factors are
present simultaneously, such as low self-esteem,
developmental disability, associating with peers
who exhibit problematic behaviors, substance
abuse, etc. [7].

Young people with developmental disabili-
ties are characterized by significant variability,
and regardless of this, they are at greater risk of
engaging in behaviors that may further endan-
ger their health [8]. Social psychological fac-
tors, namely identity, affect and coping style,
are inextricably entwined with sexual behavior
and, thus, sexual health outcomes [9]. When
they begin exploring their sexuality, people
with developmental disabilities face numer-
ous challenges in accessing information and
support. Usually, what is “accessible” to them
is a set of “rules” that emphasize gender norms,
focus on heterosexuality, and convey the mes-
sage that sex and sexual relations are something
to be afraid of [10].

The paper analyzes the results of studies
that have investigated risky sexual behavior
and the prevention of risky sexual behavior
in individuals with developmental disabili-
ties. The Consortium of Serbian Libraries for
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Coordinated Acquisition (KoBSON) and Google Scholar’s
Advanced Search tool were used to search and review the
research. The search was conducted using the following
terms in Serbian and English: sexual behavior, risky sexual
behavior, prevention of risky sexual behavior, and indi-
viduals with developmental disabilities.

Considering the heterogeneity of the population with
developmental disabilities, 30 papers published in the last
five years and available in full text were selected and ana-
lyzed. In order to gain a more comprehensive understand-
ing of the selected topic, the results of studies published
before 2020 were also included in the analysis.

RISKY SEXUAL BEHAVIOR OF PEOPLE WITH
DEVELOPMENTAL DISABILITIES

The lack or inaccessibility of information about sexuality,
difficulties in accessing reproductive and sexual health in-
stitutions, as well as myths and prejudices, significantly in-
fluence the formation of beliefs that developmental disabil-
ities negatively affect the sexual and reproductive lives of
people with these disabilities [11, 12]. A significant number
of individuals with developmental disabilities are sexually
active [13, 14]. At the same time, a large percentage of
these individuals are exposed to various risks, such as sexu-
ally transmitted diseases, unintended pregnancies, sexual
violence, etc. [12, 15]. In addition to the lack of knowledge,
information, and healthcare support, risky sexual behavior
of people with developmental disabilities is predominantly
determined by their psychosocial characteristics, lack of
self-esteem, and low levels of social skills [16].

The study conducted by Touko et al. [15] states that
people with developmental disabilities more often engage
in unprotected and unsafe sexual relationships than typi-
cally developing participants, and are more exposed to
sexually transmitted diseases. The research focused on
premature sexual activity, awareness of protective mea-
sures, knowledge of sexually transmitted diseases, and hu-
man immunodeficiency virus (HIV). By comparing the
sexual behavior of individuals with motor disabilities and
typically developing young individuals 15-16 years of age,
Maart and Jelsma [17] found no significant difference in
the prevalence of various forms of risky behavior between
these two groups. The sample of participants with motor
disabilities included 91 students, a quarter of whom were
sexually active. Some had engaged in sexual activities at a
younger age, had multiple partners, and did not use pro-
tection. In addition, many believed that there was no risk
of getting HIV through sexual activity and, thus, felt no
need to protect themselves or others, which indicates that,
considering their overall health and level of independence,
they are often at greater risk of contracting sexually trans-
mitted infections.

The incidence of different types of risky sexual behav-
ior and involvement in the system of services provided by
centers dealing with the consequences of HIV were exam-
ined in a sample of young individuals with visual impair-
ment, hearing impairment, and motor disabilities [18].
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The results show that almost half of the participants were
sexually active, that they rarely used protection against
unintended pregnancy and sexually transmitted diseases,
that one-third of the participants had sexual relations with
multiple partners at a younger age, and that the partici-
pants with hearing impairment used the services of HIV
centers more often.

Risky sexual behavior of young people with visual im-
pairment is associated with the lack of appropriate preven-
tive and educational programs, as well as the inaccessibil-
ity or unavailability of healthcare institutions and services
[19]. People with visual impairment report difficulties in
accessing information and disparities in access to health
screenings, but they believe that healthcare institutions
do not play a primary role in providing information on
these topics [20, 21, 22], which is consistent with the re-
sults of studies that have examined this topic in samples
of young people without visual impairment [23, 24, 25].
The sexual experiences of young blind people and young
people without visual impairment are similar; however,
the fact that blind people have limited access to health
information indicates that there is a need to provide them
with information brochures and guidance on sexual health
and behavior in a reading medium appropriate to their
needs [26]. A Brazilian study that aimed to examine how
blind individuals contact rehabilitation professionals, as
well as their level of awareness and knowledge about sexu-
ality, reproductive and sexual health, and HIV and AIDS,
determined that they lack knowledge about the transmis-
sion and prevention of sexually transmitted diseases, which
is directly related to their limited education access [27].
This limitation may be associated with the professionals’
unpreparedness to confidentially and effectively address
the needs of individuals with visual impairment and com-
munication barriers. Neglecting the rights of women with
visual impairment regarding their sexual and reproductive
healthcare is a significant finding of some studies, indicat-
ing that these women often do not know where to obtain
information on sexuality-related topics [28]. Research on a
sample of blind adults showed that physical attraction and
the material status of partners played a secondary role for
them during adolescence. Emotional maturity and qualities
that are “not visible to the eye” but are crucial in life were
the most significant [29].

Alongside risky sexual behavior, we can also discuss
certain aspects of sexual abuse experienced by children
and young people with visual impairment. Kvam [30] com-
pared the frequency of reporting sexual abuse between
individuals with visual impairment 18-65 years of age
who lost their vision before the age of 18, and a group
without visual impairment. The results showed that the
participants with visual impairment reported sexual abuse
more frequently and that the consequences of the abuse
were serious.

The position of individuals with visual impairment can
often lead to prolonged suffering, failing to report sexual
abuse, and engaging in risky behaviors. Their dependence
on caregivers helps the perpetrator, who is often a close
person, to have control over the victim. People with visual
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impairment may internalize negative societal attitudes,
such as discrimination and stigmatization, leading them
to lose self-esteem and blame themselves, which, together
with the fear of abandonment (losing a “caregiver”), keeps
them in abusive relationships [31].

For many years, the sexuality of people with intellectual
disability was viewed as a societal issue, and eugenic goals
focused on the need to protect society from their supposed
deviance and promiscuity [32]. The studies on the sexual
lives of individuals with intellectual disability are highly var-
ied and include the following findings: that they are sexually
active; that most, especially women, lack sexual activity;
they generally lack knowledge about the use and effects of
contraceptives; that they are victims of sexual harassment
more often than their peers without intellectual disability;
that they have a higher prevalence of unintended pregnan-
cies, sexual abuse, and exploitation [33-36]. Interestingly,
studies that found them to be sexually active also empha-
sized that emotional closeness with another person is of pri-
mary importance to them [36]. People with mental health
problems are also a risk group, since they do not practice
safe sex due to their limited knowledge about the use of
contraceptives and financial difficulties [37].

PREVENTION OF RISKY SEXUAL BEHAVIOR

Protecting the reproductive and sexual health of young
people with developmental disabilities involves developing
awareness of the potential consequences of risky behaviors.
The content structure of prevention programs should aim
to impact knowledge acquisition, healthy attitudes toward
sexuality, and a sense of responsibility for their own health
and the health of their partners [38]. Knowledge about the
potential consequences of irresponsible behavior, unin-
tended pregnancies, and sexually transmitted infections
is a prerequisite for taking responsibility and making the
right decisions about engaging in sexual activities [39].
Relying on superficial information from peers or the
media and not knowing the consequences of risky sexual
behavior can cause serious problems for young people
with developmental disabilities [40]. Although parents
of children with developmental disabilities state that they
lack information about sexual and reproductive health and
do not know where to seek necessary guidance [14], it is
essential to emphasize their important role in educating
their children about sexuality and all its domains from the
earliest age. Sexual and reproductive health education is
considered a priority for young people with disabilities,
as they still receive little or no formal sexual health edu-
cation [19, 39]. The joint responsibility of families and
schools is to provide support in growing up, recognizing
human values, and enabling children and young people to
develop their potential to face various challenges, which
can often lead to multiple adverse consequences. For ex-
ample, it has been found that blind adolescents consider
informational and emotional support from the education
system extremely important and that they expect teach-
ers to provide them with future-oriented information.
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In addition, special support is expected to be provided
to both students and parents [41]. However, the sexual
health of young people with disabilities remains a “blind
spot” in health promotion. This claim is supported by the
fact that research on this topic often focuses on priority
interventions, which should be based on needs, specifically,
the need for sexual health education. The role of special
educators is often not recognized. However, they can be
key partners, as they understand disability and possess
specific skills that make them suitable to be involved in the
various stages of intervention [42]. Conversations about
the consequences of risky sexual behavior conducted by
well-informed parents have a positive influence and reduce
the percentage of young people who enter risky situations
[43]. Parental support and interest in all aspects of their
child’s development positively affect the timing of first
sexual relationships and avoiding risky sexual behaviors.
When parents avoid this topic, adolescents seek informa-
tion from unreliable sources or follow advice from peers,
which sometimes, though unintentionally, encourages
risky sexual behavior [5, 43].

Nowadays, social media provides easy access to infor-
mation on various topics. However, after the family, school
is the most important factor in acquiring knowledge and
developing attitudes about sexuality and safe sexual behav-
ior [40, 43]. Through different programs, the education
system should warn young people about the consequences
of engaging in risky sexual relations at an early age [44].
In collaboration with other professionals, teachers should
create reliable and structured training programs on sexual
and reproductive health, and implement them through
panels, seminars, and workshops for children of different
ages [25]. For example, Glumbi¢ [45] recommends that
sex education programs be highly individualized - that is,
adapted to the specific needs of an individual with autism
and their family; to respond appropriately, we must un-
derstand the function of a particular behavior; any activity
we undertake should be consistent with the legal and cus-
tomary norms and cultural characteristics of a given com-
munity; additionally, any sex education program should
be implemented within the broader context of learning
social skills and socially acceptable behaviors. In contrast,
the findings of Wazakili et al. [16] show that topics such
as infidelity, promiscuity, alcohol use, sexual abuse, and
risky sexual behavior are not discussed within the family
environments of persons with physical disabilities 15-24
years of age. The participants stated that most of them had
participated in rehabilitation that focused on their physi-
cal disability, while the issues of sexuality and prevention
measures against HIV were not addressed. The authors
believe that rehabilitation professionals should make an
effort to include sexual and reproductive health issues as
part of their work with young people with disabilities [16].
The healthcare system should provide individuals with de-
velopmental disabilities with programs or forms of support
on sexuality and the consequences of risky sexual behavior
[14]. Steki¢ [46] determined that people with visual im-
pairment 20-40 years of age have insufficient knowledge
about sexually transmitted diseases, which raises a relevant
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question about how they can protect themselves and rec-
ognize disease symptoms. Whether sex education is nec-
essary for young people with developmental disabilities is
no longer in question. The professionals are increasingly
considering the education methods and contents to equip
these young people with essential communication and de-
cision-making skills, as well as help them become assertive
and learn to say “no” when needed [45, 47]. Neglecting the
need for sex education and the lack of appropriate health-
care access can result from stigma regarding the charac-
teristics of sexuality (asexuality, hypersexuality) of young
people with disabilities and not recognizing their needs,
which violates their fundamental rights [45].

The National Program for the Preservation and
Improvement of Sexual and Reproductive Health of
Citizens of the Republic of Serbia ensures that sexual and
reproductive healthcare is accessible to everyone, without
distinction, and that their sexual and reproductive rights
are respected. The same regulation emphasizes the sig-
nificance of programs aimed at enhancing the sexual and
reproductive health of marginalized and socially deprived
groups, both locally and nationally, highlighting collabora-
tion among healthcare institutions, local self-government
units, and associations, along with including their repre-
sentatives [48]. Networking community resources and
sharing information in the process of creating education-
al programs and providing support are crucial for people
with developmental disabilities in fostering a responsible
attitude toward themselves and others [49]. Community
resource lists should be made available to people with
developmental disabilities, their parents, caregivers, and
teachers as they represent important factors in achieving
their well-being [50].

CONCLUSION

Sexuality as an indispensable part of human identity has
long been neglected when it comes to people with devel-
opmental disabilities. This was mainly due to numerous
stereotypes and prejudices, such as that these people are
not interested in romantic or love relationships, that they
have no sexual urges, or that their sexual needs are deviant.
Numerous factors that affect sexuality and risky behaviors
in the typical population (biological, psychological, socio-
economic, cultural, ethical and religious) intertwine much
more complexly in people with developmental disabilities.
A considerable number of these individuals are still denied
their rights to sexuality and to sexual, intimate and part-
ner relationships in various cultural environments. Based
on studies conducted in countries that differ in cultural,
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ethical and religious influences on young people, it is hard
to conclude their overall contribution to forming attitudes
toward sexuality and finding strategies to meet their sexual
needs without becoming victims of risky sexual behavior
that could adversely affect their health and social accep-
tance. Studies comparing the sexual behavior of individuals
with various developmental disabilities with that of ado-
lescents with typical development showed different results
with regard to different types of risk behavior. Developing
awareness of the potential consequences of risky sexual be-
havior and implementing measures to protect the sexual
and reproductive health of people with developmental dis-
abilities is one of the most significant challenges of modern
society. The implementation of such a serious task requires
a general strategic framework and accompanying secondary
legislation that sets the structural and functional standards
for the education of all persons involved in the issue of
sexual health of people with developmental disabilities. It
is imperative to familiarize people with developmental dis-
abilities with the consequences of early sexual intercourse,
the risks of unplanned pregnancy and the consequences of
sexually transmitted diseases, as well as protection against
abuse of the position of dependence on the help of others,
usually close people. Sexual education and harmonization
of educational approaches for individuals with various
developmental disabilities, continuous work with parents
and access and availability of information are key factors in
the prevention of risky sexual behavior of individuals with
developmental disabilities

A comprehensive analysis of research focused on pat-
terns of risky sexual behavior among different categories
of individuals with developmental disabilities, with respect
for regional and cultural specificities and a comparative
evaluation of preventive measures applied at national lev-
els, could significantly contribute to a deeper understand-
ing of this complex issue.
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PU3MYHO ceKcyanHO NoHalakbe ocoba ca cmeTbama y pas3Bojy U npeBeHuuja

bpaHka JabnaH, BecHa ByunHuh, lywa Crekuh Hunhuh

CAXETAK

Y pagy Cy aHanv3upaHv pesynTtati CTyguja koje cy ce 6asune
y3poLuMma 1 NPeBeHLUjOM PU3NYHOT CEKCYaHOT MOHallakba
0coba ca cMeTHama Y pa3Bojy. 3Hauaj n3abpaHe Teme oreaa ce
Y UNHEHILM 1A je CEKCYANHOCT jefjHa Of TEMESbHIX UMEH3Mja

JbYACKOT MOCTOjatba, Ha Kojy T4y GMONOLKY, MCUXONOLLKM,

COLIMOEKOHOMCKY, KYNITYPOSOLUKY, ETUYKN, PENUIMJCKIA 1 APYTI
dakTopu.

Pesyntatv HOBWjVX CTyAMja YKa3yjy Ha TO fia je ynasaK y chepy
PU3NYHOT CeKCyaTHOT MoHallakba, OAHOCHO Y He3awTuheHe
1 Hebe3bepHe cekcyanHe oAHOCe, NocneanLa HefocTaTka
oaroBapajyhnx NpeBeHTUBHUX U eAyKAaTUBHUX Nporpama,
orpaHuYeHor NpucTyna nHdopmalimjama o 3aLUTUTU 30PaB/ba,
HepasyMmeBatba UHCTPYKLMja 1 6e36eHOCHMX 0baBeLITeH,
oTeXaHe KOMyHVKaLuje ca 3anocieHMm ocobama y 3apaBcTae-
HVM YCTaHOBaMa, Hel0BOJbHE bpure ApyLITBa 1 HeJOCTaTKa
CaMornoLITOBaHba.
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YHuBep3uTeT y Beorpagy, OakynTet 3a cneumjanHy eaykauujy u pexabunutauujy, beorpag, Cpbuja

[penopyke ayTopa aHanv3vpaHux CTyauja cy fa cagpaj npe-
BEHTVBHVX Nporpama 6yae npunaroheH ocobama ca cMeTrama
y pa3Bojy, fia omoryhv popmmparbe NpaBuIHUX CTaBOBa Npema
ceKcyanHocTn 1 ocehaja ofroBOPHOCTU 3a COMNCTBEHO 31pa-
B/b€ U 3apaBsbe NapTHepa. O6e3behHuBarbe MHPOPMATUBHMX
6poLuypa v ynyTcTaBa O CEKCyaHOM 34paBiby 1 nocieamLama
PV3MYHOT CEKCyalHOT MOHaLUakba, Kojy MOry Aia 3aj0BOJbE UM-
Tanayke MoryRHoCTM ocoba ca cmeTHama y pa3Bojy, OnakLuano
611 AOCTYNHOCT 1 MOAMIIO KBaNWTET 3APaBCTBEHE 3alUTHTe.
YK/byumBatbe poguTtesba y nporpame OCHaxuBamba 1 NpaBo-
BPEMeHO HPOPMICatbe O CeKCyalHOCTUN U CeKCyalHOM 34pa-
BJbY HbIIXOBE feLle, Kao 1 0XpabpriBatbe AeLie ca CMeThama y
pa3Bojy Aa yuecTByjy y pa3roBopuma ca PoAUTeb1MMa O OBUM
OCeT/bMBMM TeMaMa, MOTy NO3UTBHO YTULIATW Ha CMatbetbe
PY31YHYX 06NIMKa CeKCyaHOT MoHallakba.

KrmbyuHe peun: cveTrbe 1 nopemehaju y pa3Bojy; cekcyanHocT
1 pU3NLM; MHGOPMICAHOCT O CeKCyalHOCTM
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Acute pericarditis and cardiac tamponade - bridging
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SUMMARY

Acute pericarditis arises from an inflammatory process affecting the pericardial tissue, leading to the
subsequent formation of pericardial effusion as part of the body's inflammatory response. Cardiac tam-
ponade occurs when a significant volume of fluid accumulates within the pericardial cavity, resulting in
increased intrapericardial pressure and impaired diastolic filling, ultimately obstructing blood flow into
the heart. Notably, even a relatively small pericardial effusion can precipitate tamponade, depending
on the rate of fluid accumulation and the compliance of the pericardium. Pericardiocentesis remains the
preferred intervention for the emergent management of patients presenting with cardiac tamponade.
This procedure is typically performed via a subxiphoid or apical approach, with the selection of the
access site guided by the distribution of the effusion as visualized on imaging. The timely execution of
pericardiocentesis during the acute phase of tamponade is of paramount importance; failure to perform
the procedure promptly may result in cardiovascular collapse, cardiac arrest, and ultimately, a potentially
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fatal outcome.
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INTRODUCTION

Pericardial diseases are most often categorized
based on their duration and clinical course into
three main types: acute (lasting less than six
weeks), subacute, and chronic (lasting more
than six months). These conditions are further
classified into distinct syndromes according to
their clinical presentation, which includes acute
pericarditis, pericardial effusion, cardiac tam-
ponade, recurrent pericarditis, and constric-
tive pericarditis — either transient or chronic in
nature [1]. In routine clinical practice, patients
diagnosed with acute pericarditis, provided the
condition does not progress to pericardial effu-
sion, generally exhibit a favourable prognosis.
However, even a minimal accumulation of fluid
within the pericardial space has the potential
to induce cardiac tamponade, with clinical
manifestations often occurring within hours
of fluid build-up. These patients frequently
present with symptoms and signs such as dys-
pnea, hypotension, tachycardia, jugular venous
distention, diminished heart sounds, and para-
doxical pulse. Cardiac tamponade is regarded
as a medical emergency that calls for immediate
intervention, typically in the form of pericar-
diocentesis. Failure to address this condition
promptly can result in severe complications,
including cardiac arrest and, ultimately, a fatal
outcome if left untreated [2].

ACUTE PERICARDITIS

The pericardium, often referred to as the heart
sac, consists of two primary layers: the visceral
pericardium, a serous membrane that is sepa-
rated by a small amount of fluid (ranging from
15-50 mL) from the fibrous parietal pericar-
dium. In healthy individuals, the pericardium
serves several critical functions, including the
prevention of sudden and excessive expansion
of the heart chambers during physical exertion
or states of hypervolemia, which can impose
a significant hemodynamic load on the heart
due to the increased circulating blood volume.
Under normal physiological conditions, the
pressure within the pericardial space remains
negative, which facilitates the smooth filling
of the atria during systole. Moreover, the peri-
cardium plays a vital role in maintaining the
heart’s anatomical position within the chest
cavity, reducing friction between the heart and
adjacent mediastinal structures, preventing the
kinking or distortion of large blood vessels, and
acting as a barrier to prevent the spread of in-
flammatory processes from the lungs or pleural
space to the heart [1, 2].

Acute pericarditis represents the most
prevalent pathological condition involving the
pericardium, with its occurrence in the general
population estimated to range from 0.2% to
0.5%. Autopsies reveal its incidental presence in
up to 1% of cases. The etiology of acute pericar-
ditis is multifactorial, with the most common
cause being viral infections, especially those



caused by cardiotropic viruses such as Coxsackie, adeno-
viruses, and echoviruses. Additionally, the condition may
arise from local or systemic autoimmune disorders, various
metabolic disturbances, or, in more severe instances, from
the infiltration of malignant cells into the pericardium [3,
4]. Acute pericarditis can also occur less frequently follow-
ing chest radiotherapy, or as a result of fungal or parasitic
infections, further emphasizing the broad spectrum of
underlying causes for this condition [5-8].

The inflammatory process affecting the pericardial
tissue induces severe pain due to the dense network of
nerve endings derived from the phrenic nerve. This neural
involvement also explains the characteristic radiation of
pain to the trapezius muscle. Furthermore, any electro-
cardiographic changes, as well as potential rhythm distur-
bances and conduction abnormalities observed in acute
pericarditis, stem from the inflammatory response in the
myocardium, given that the pericardium itself is electri-
cally neutral [9, 10]. The inflammatory involvement of the
myocardium may further contribute to transient arrhyth-
mias or alterations in cardiac conduction, necessitating
close monitoring in affected patients.

Under normal physiological conditions, the pericar-
dium exhibits selective permeability to water and electro-
lytes, which are integral components of pericardial fluid.
This fluid remains in a state of dynamic equilibrium with
the circulating blood. However, inflammation disrupts
this delicate balance, leading to the localized release of
pro-inflammatory mediators that stimulate excessive fluid
secretion from the visceral pericardium. Additionally, the
inflammatory response results in the accumulation of large
molecular substances that further draw fluid into the peri-
cardial space while simultaneously impairing its reabsorp-
tion, ultimately leading to the development of pericardial
effusion [11, 12, 13]. The progressive accumulation of fluid
may exert pressure on the heart chambers, potentially com-
promising hemodynamic stability.

The diagnosis of acute pericarditis necessitates the pres-
ence of at least two of the following clinical criteria: chest
pain that worsens with deep inspiration, changes with body
movement, and radiates to the trapezius muscle; ausculta-
tion of a pericardial friction rub; characteristic electrocar-
diographic changes, such as diffuse concave ST-segment
elevation and PR-segment depression; low voltage in
standard electrocardiogram leads (Figure 1); radiographic
and echocardiographic evidence of pericardial effusion
(Figure 2); and elevated inflammatory markers, particularly
C-reactive protein [14, 15]. Early recognition and diagnosis
are essential for timely intervention, to prevent potential
complications associated with pericardial inflammation.

Accurate detection of clinical symptoms and signs that
manifest during pericardial effusion or cardiac tampon-
ade can often provide crucial diagnostic insights into the
underlying etiology. The presence of cardiac tamponade
without a concomitant elevation in inflammatory markers
is associated with up to a threefold higher probability of
a malignant origin. Additionally, patients with recurrent
pericarditis who experience acute episodes that do not re-
spond to nonsteroidal anti-inflammatory drugs (NSAIDs)
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Figure 1. Typical electrocardiographic findings in cardiac tamponade
(low voltage in standard leads)

Figure 2. Radiography finding in pericardial effusion

exhibit a tenfold increased likelihood of pericardial effu-
sion of malignant etiology. Furthermore, in oncological
patients, the etiology of pericardial effusion is up to 20
times more likely to be malignant compared to individuals
without a known malignancy, underscoring the need for
thorough evaluation and appropriate management [16, 17].

The treatment of acute pericarditis of viral origin pri-
marily focuses on symptom relief, the prevention of com-
plications, and the management of the underlying cause.
The initial approach includes the administration of an-
algesics and anti-inflammatory medications, which are
gradually tapered as clinical symptoms improve. High-
dose NSAIDs remain the cornerstone of acute pericarditis
therapy, with commonly prescribed regimens including
ibuprofen (600-800 mg, three times daily), indomethacin
(25-50 mg, three times daily), or aspirin (750-1000 mg,
three times daily). Adequate hydration and gastropro-
tective agents, such as proton pump inhibitors, are often
recommended alongside NSAID therapy to mitigate gas-
trointestinal side effects [18, 19].

In addition to NSAIDs, colchicine is administered for
a minimum duration of three months at a dose of 0.5 mg
twice daily, or a reduced dose of 0.25 mg twice daily for
patients weighing less than 70 kg. In recurrent pericardi-
tis, Colchicine therapy may be extended to six months or
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Figure 3. Echocardiographic findings in threatening cardiac tamponade; “Swinging heart” sign, where the heart moves like a pen-

dulum within a massive pericardial effusion

Figure 4. Pericardiocentesis set (left figure); intercostal punction is performed along the upper edge of the lower rib not to harm the
intercostal arteries (right figure)

longer to reduce the risk of relapse. The use of cortico-
steroids is generally discouraged during the acute phase
due to their potential to increase the risk of recurrence.
However, in cases where patients fail to respond to NSAIDs
and colchicine, corticosteroids (0.2-0.5 mg / kg / day of
methylprednisolone) may be introduced with caution, with
careful monitoring for potential complications such as op-
portunistic infections [20, 21].

Biologic therapy, particularly the interleukin-1 receptor
antagonist anakinra (2 mg / kg / day up to 100 mg/day),
is an emerging treatment option that has demonstrated
efficacy in refractory or recurrent pericarditis. Ongoing
clinical studies continue to evaluate its long-term benefits
and safety profile. In patients with frequent and disabling
relapses persisting for more than two years despite optimal
medical therapy, surgical intervention in the form of peri-
cardiectomy is often considered as a definitive treatment
to prevent further episodes [22-25].

CARDIACTAMPONADE

Cardiac tamponade refers to the accumulation of a signifi-
cant volume of fluid within the pericardial cavity, resulting
in hemodynamic compromise due to the obstruction of ve-
nous return and subsequent impairment of cardiac filling.
This leads to reduced cardiac output and, if left untreated,
can progress to cardiovascular collapse. The most common

‘ DOI: https://doi.org/10.2298/SARH240927037S

etiologies of cardiac tamponade include neoplastic and
viral pericarditis, although it can also arise from intra-
pericardial hemorrhage due to trauma, malignancy, aortic
dissection, post-myocardial infarction free wall rupture, or
iatrogenic cardiac perforation during interventional proce-
dures such as catheter-based interventions or pacemaker
lead placement [26].

In some cases, even a relatively small volume of peri-
cardial fluid (approximately 200 mL) can precipitate tam-
ponade if it accumulates acutely, as the pericardium has
limited time to adapt to the increased intrapericardial
pressure. In contrast, chronic fluid accumulation over an
extended period may allow the pericardium to stretch and
accommodate volumes of up to 2000 mL, depending on
factors such as myocardial compliance, pericardial elastic-
ity, and intracardiac pressures. The classic “BecK’s triad” of
hypotension, elevated jugular venous pressure, and muftled
heart sounds is typically observed only in cases of severe,
rapidly developing cardiac tamponade. When tamponade
develops more gradually, the clinical presentation often
mimics that of congestive heart failure, manifesting as
dyspnea, orthopnea, hepatomegaly, and jugular venous
distension. Notably, pulmonary auscultation in these pa-
tients typically reveals no evidence of congestion, distin-
guishing tamponade from primary pulmonary causes of
heart failure [27].

The earliest echocardiographic indication of evolv-
ing cardiac tamponade is right atrial collapse, followed
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by right ventricular diastolic collapse, and in more severe
cases, compression of the left atrium or left ventricle. In
large pericardial effusions, the heart may appear to “swing”
within the pericardial sac, a phenomenon referred to as
the “swinging heart” or “floating heart” sign [14] (Figure
3). Given its life-threatening nature, cardiac tamponade
constitutes an absolute indication for emergent pericardial
drainage, which can be performed via pericardiocentesis
(Figure 4) or, in select cases, surgical pericardial window
creation (pericardotomy). Pharmacological interventions
are considered adjunctive and should not delay definitive
drainage of the effusion. Patients with hypovolemia should
receive continuous intravenous fluid resuscitation to main-
tain preload, while those with hypoxia or impending respi-
ratory failure should be promptly intubated and mechani-
cally ventilated in preparation for pericardiocentesis [28].

Following pericardiocentesis, it is imperative to con-
duct a comprehensive biochemical, bacteriological, and
cytological analysis of the evacuated pericardial fluid in all
patients presenting with pericardial effusion. This step is
critical for identifying the underlying etiology and guiding
further therapeutic management. In cases where malig-
nancy is suspected, additional diagnostic measures such
as pericardial biopsy or advanced molecular testing may
be warranted to confirm the diagnosis and tailor treatment
strategies [26, 27, 28].

CONCLUSION

The overall prognosis for patients with acute pericarditis
is generally favorable, particularly when the condition is
promptly diagnosed and appropriately managed. Although
acute pericarditis can occur at any age, it is more common-
ly observed in younger individuals and males. The clinical
presentation varies, with most patients experiencing mild
to moderate symptoms. However, in some cases, the initial
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AKYTHM NepuKapAUTAC U TAMNOHAAA cpua — npemowhasatbe ja3a usmehy

AWjarHOCTUKE M neyera

[JejaH CumeyHosuh'2, CredaH Jypnuuh', HuHa fatapuh’, Mapko Puctuh!, ®unun CumeyHosuh?, MeaH MunuHkosuh'?,

Banepwuija Mepuh', Patko Jlacuua'?, ApceH Puctuh'2

'YHUBep3nTETCKN KNHMYKY LeHTap Cpbuje, KnuHuka 3a Kapguonorujy, beorpag, Cp6uja;

2YHnusep3utet y beorpapy, MegnunHcku dakyntert, beorpag, Cpbuja

CAXETAK

AKyTHV NepUKapANTIC HacTaje Kao nociefmnua 3anabeHcKor
npoLeca y neprkapgHoM TKVBY, @ Kao OAroBOP Ha MHGnamaLjy
[ona3v Ao pa3Boja nepukapgHor nsnuea. CpuaHa TamnoHaga
NpeAcTaB/ba HaKyM/bakbe 3HauajHe KONMYMHE TEYHOCTN Y nepu-
KapaHOM npocTopy, WTo oHemoryhasa afeKkBaTaH NPUIMB KpBM
y cpuie. AKYTHO HaKymn/bakbe Yak U Matbe KONIMUYMHE TEYHOCTMN Y
nepuKapAaHOM MPOCTOPY MOXeE A0BECTM fJO CPYaHe TaMMoHa-
ge. NeprkaparoLieHTe3a npeAcTaBba Hajuelwhe KopuwheHn

doi:

MoCTynakK 3a ypreHTHo 36purbaBatbe 6onecHrKa ca CpYaHoOM
TaMMOHAAOM 1 06VUYHO Ce U3BOAW CYOKCUDONIHNM UK anu-
KaNHVM NPUCTYNOM, Y 3aBUCHOCTW 0 ANCTPUOYLMje U3NnBa.
MpaBoBpemeHo 13BOhHere 0BOr 3axBaTa TOKOM aKyTHe ¢pase
60necTu je of CyLITUHCKOT 3HaYaja, jep Y CyMpOTHOM CpYaHa
TaMMoHaja MOXe AOBECTY 0 CPUYAHOT 3aCToja U TUME, NOTeH-
LmjanHo, Ao GpaTanHor Ncxoaa.

KrbyuHe peum: akyTHU NepuKapanTnc; NnepukapaHn n3nms;
CpyaHa TaMMoHafa; NepukapamoLieHTesa
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YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

IIpe mogHOmema pyKonuca YpeSHUIITBY 4YaCOMM-
ca ,CpIcKM apXuB 3a IeIOKYITHO TeKapcTBo“ (CA)
cBU ayTopH Tpeba Aa Mpo4nuTajy YOyrcTBoO 3a ayrope
(Instructions for Authors), rae he nponahu cBe morpedue
uHopMalyje 0 NUCaby U IPUIIPEMU Paja y CKIaxy
ca cTaHfapauMa yacomnmnca. Beoma je BaykHo ja ayro-
pu npunpeMe paj npeMa JaTUM IPONO3UNMjaMa, jep
YKOIMKO PpyKoIuc He Oyfie ycknal)eH ¢ 0BUM 3aXTeBUMa,
YVpenuumrso he omIoKuTy Miu ox6MTH HeroBo myonm-
KoBame. PajoBu o6jaBbeny y CA ce He XOHOpapuury.
3a ywranke xoju he ce o6jaButu y CA, camoM noHynom
panga CprnckoM apXuBy CBM ayTOpH pajia MpeHoce CBoja
ayTopcKa IpaBa Ha M3gaBava yaconuca - Cprcko me-
KapcKo IPyLITBO.

OIIIITA YIIYTCTBA. CA o6jaB/byje pagoBe Koju 5o
cajia HUCY HUTTIe 00jaB/beHN, Y LIeNOCT UM JAeI0OM, HUTHU
npuxBaheHu 3a o6jaBpuBame. CA 06jaB/byje paoBe Ha
@HITIECKOM U CPIICKOM je3uKy. 360r 607be JOCTYITHOCTHI
u Behe IMTHPaHOCTY IIpeTIopydyje ce ayTopuMa Ja pa-
IoBe CBUX OO/MMKa IIpefiajy Ha eHImeckoM jesnky. Y CA
ce 06jaBipyjy cnemehe KaTeropuje pajoBa: yBOGHUIN,
OPUTVHATHN PafIOBY, IPETXOIHA U KPaTKa CaolIITeHha,
mpuKasy 60eCHUKaA U CTy4ajeBa, BUJe0-YIaHIIN, CIIMKe
U3 KIMHIYKe MeIMIMHE, IPeTIeHN PajloBH, aKTyeTHe
TeMe, pajioBM 3a PaKCy, pafloBM 13 MICTOPHje MeAVIIHE
U jesuKa MefUIIVHe, MeIVNIIMHCKe eTUKe, PeryTaTOPHIX
CTaHZAapAa y MeIVMLIVMHY, M3BEIITaj) ca KOHTpeca U Ha-
YYHUX CKYTIOBa, TMYHY CTAaBOBY, HAPYYEHU KOMEHTa-
P, MICMa YPeJHMKY, IPMKa3y KIUTa, CTPYYHe BECTH,
In memoriam v gpyru npunosu. OpUrMHaTHA PagoBMU,
IPeTXOfIHA ¥ KPaTKa CaolIITeha, IpUKa3y 60/IecHNKa I
CITydajeBa, BUIO-UIaHIN, CTIMKe U3 KIVHIYKe MeIUIIHE,
IperefHN PafloBM U aKTyeTHe TeMe, TyOImKyjy ce mc-
K/bY4MBO Ha €HIJIECKOM je3UKY, a OCTajle BPCTe pajioBa ce
MOTY ITyO/IMKOBATY M1 Ha CPIICKOM je3VIKY CaMo II0 OfTyL
Ypepunirsa. PajjoBu ce yBeK JOCTaB/bajy ca CaXKeTKOM
Ha eHIJIECKOM U CPIICKOM je3MKy (y CK/IOITy CaMoT PyKoO-
mca). TekcT pafia KynaTu y mporpamy 3a o6pajry TekcTa
Word, dourom Times New Roman u BeTN4MHOM CIIOBA
12 Tavaka (12 pt). CBe yeTupu MapruHe IOfeCUTH Ha 25
mm, BeMIIMHY CTpaHNIe Ha GopMaT A4, a TEKCT KYLIaTH C
IBOCTPYKMM IIPOPEIOM, IeBUM ITOPaBHAKEM U YBIaUeHheM
cBaKor Imacyca 3a 10 mm, 6e3 febema peun (xudenanuje).
He xopucTuTu TabynaTope u y3acTOIIHe IIpasHe Kapak-
Tepe (CIlejcoBe) pany IOpaBHaba TEKCTa, Beh amaTke 3a
KOHTpOJTy OpaBHama Ha emwupy u Toolbars. 3a mpemasax
Ha HOBY CTPaHY JOKyMeHTa He KOPMCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuujy Page Break. Ilocne cBakor 3Haka
VMHTEPIYHKIIVje CTABUTY CaMo jeflaH IpasaH KapakTep.
AKoO ce y TeKCTy KOPUCTe CllelyjanHy 3Hauu (cuMo6omn),
xopuctuty pout Symbol. [Togauu o kopuurheHoj mure-
paTypu y TEKCTY O3HAa4aBajy ce apancKuM 6pojeBuma y
yIIacTuM 3arpafama — Hip. [1, 2], 1 To penociefoM Kojum
ce T0jaBIbYjy Y TeKcTy. CTpaHMIle HyMepucaTu pefioM Y
IIOEEM JIECHOM YITIY, TI04eB Off HaC/IOBHE CTPaHe.

ITpy nmcamy TEKCTa Ha €HITIECKOM je3VKy Tpeba ce Ipupp-
>KaBaTH je3andKor cTaugapna American English u xopucy-

TV KpaTKe 1 jacHe pedeHnlle. 3a HasVBe TeKOBa KOPUCTUTHU
UCK/bY4MBO IreHepiyKa uMeHa. Ypebaju (amaparu) ce 03-
HavaBajy GpabpMyKMM HasMBYMA, 2 IMe VI MeCTO IIPON3-
Bohada Tpeba HaBecTV y 061MM 3arpagama. YKOIMKO ce
y TEKCTY KOPUCTe O3HaKe Koje CY CIIOj cioBa u 6pojesa,
IIpeL3HO HamucaTy 6poj KOji ce jaB/ba Y CYIepCKPUITY
wm cynckpunry (amnp. Tc, IL-6, O,, B, CD8). Ykomuko
ce HellITo yobuyajeHo muine KypsusoM (italic), Tako ce u
HaBopy, HIIp. reHnt (BRCAI).

YKOMMKO je paf 1eo MarucTapcKe Tese, OFHOCHO JOKTOPC-
Ke jucepranuje, win je ypaheH y OKBupy HayuHOT IIpoje-
KTa, To Tpeba moce6Ho HasHaunTy y Hamomenu Ha kpajy
Tekcra. Takobe, YKOMMKO je paji IPETXOHO CAOIIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABEeCTH 3BaHIIaH HAa3MB CKY-
Ia, MeCTO U BpeMe Ofip>KaBama, /ja /I je pajj U KaKko my6-
JNMKOBaH (HIp. VICTY VIV JPYTadujyl HACTIOB VTN CaXKeTaK).

KIMHNYKA NCTPAJKMBAIBA. Knuanyka uctpa-
KUBama ce leUHNITY Kao MCTpaKVBama yTHUIlaja jefi-
HOT VTV BUIIe CPECTaBa V/IM Mepa Ha VICXOJ, 3[paBiba.
Perycrapcku 6poj MCcTpakuBamba ce HaBOAM Y TOCTIENHheM
pemy caxeTka.

ETMYKA CATTTACHOCT. Pykonucy o nCTpak/Bamu-
Ma Ha JbyiuMa Tpeba fla cafpske U3jaBy y BUAY IMIUCAHOT
IPYCTaHKa UCIUTVBAHUX 0c06a y CKTafy ¢ XelICHHIIKOM
IeKIapaIjoM 1 ofo6perbe HaJJIeKHOT eTIIKOT ofj6opa
Jla ce UCTpaKUBabe MOXKE M3BECTH I JIa je OHO Y CKIIafy C
IpaBHMM CTaHfapAMMa. EkcriepymMenTanHa ncTpaxuparma
Ha XyMaHOM MaTepujaay U MCIIUTYBamba BPIIeHa Ha XIBO-
THbaMa Tpeba Ja cafipke U3jaBy eTHUKOT 0f60pa yCTaHo-
Be J1 Tpeba f1a Cy y CarllaCHOCTH C TPaBHUM CTaHJApAUMa.

M3JABA O CYKOBY MHTEPECA. Y3 pykomic ce npu-
JaXke MOTIIMCaHA U3jaBa y OKBUPY obpacua Submission
Letter xojoM ce ayTOpH U3jallibaBajy 0 cBaKoM Moryhem
CyKoOy MHTepeca UM HBeroBOM OCYCTBY. 3a HOfaTHe
nHpOpMaIje 0 Pa3IMINTUM BpCTaMa CyKoba MHTepe-
ca TIOCETUTH MHTepHeT-CTpaHnIly CBETCKOT yApYysKema
ypenHuKa MegunyHcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) nop Ha-
31BOM ,,ITonmuTuka usjase o cykoby uHTepeca“.

AYTOPCTBO. Cse ocobe koje cy HaBefieHe Kao ayTOpU
pana Tpeba fa ce KkBanmuduKyjy 3a ayropcto. CBaku ay-
TOp Tpeba Jia je yIecTBOBAO HOBO/BHO Y PAJy Ha PYKOIICY
KaKo O MOTao Jia IIpey3Me OATOBOPHOCT 34 IIe/IOKYTIaH
TEKCT U pe3y/ITaTe MsHeceHe y pajy. AyTOPCTBO Ce 3aCHU-
Ba CaMO Ha: 6MITHOM JOIIPMHOCY KOHIIETIIV)HU pajia, Ko-
Oujamy pesyaTaTa MIN aHAIU3U U TyMadewy pe3ynTara;
IJIaHMParby PYKOIIVCA U/ EberOBOj KPUTUYKO]j PEBUSU)U
OJl 3HATHOT MHTENEKTyaTHOT 3Ha4aja; 3aBPLUIHOM JJOTEPH-
Balby Bepsyje PyKOIca KOjy ce IPUIPeMa 32 ITaMIIambe.

AyTopu Tpeba fa IIpuIoKe OINC JOIIPUHOCA TOjeITHAYHO
3a CBaKOT KoayTopa y OKBUpy obpacua Submission Letter.
PuHaHCUpame, CaKyI/balbe IoflaTaKa MIN FeHepalTHo
HafIIefambe ICTPaXMBayKe IPyIle CaMI 110 ce61 He MOTY
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oIpaBfiaTi ayTopcTBO. CBY APYTU KOjU Cy OTPUHENN
u3paju paja, a Koju HIUCY ayTOpM PyKOmuca, Tpebaio
6u na 6ymy HaBefeHM y 3aXBaTHUIIM C ONIMCOM IJMIXOBOT
TOIIPMHOCA Pafly, HAPABHO, Y3 MCAHY IPUCTaHAK.

IUTATUJAPU3AM. Og 1. janyapa 2019. roguHe cBU py-
KOIICH TIOfIBPTaBajy ce IpoBepy Ha IIarujapusam/ay-
rortarujapusam mnpeko SClndeks Assistant — Cross Check
(iThenticate). PaoBu Koz Kojux ce goKake IUarujapusam/
ayrorutarujapusam 6uhe ofoujenn, a ayTopu CaHKLIMO-
HICAHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpaHniy pykomnuca
Tpeba HaBecTu cnefehe: HacnoB paza 6e3 ckpahennua;
IpeJIOr KPaTKOT HACTIOBA Pajia, IIyHa VIMeHa U IIpesyMeHa
ayTopa (6e3 TUTYyNIa) MHAEKCHpaHa OpojeBUMa; 3BaHNYAH
Ha3UB YCTaHOBA Y KOjJIMa ayTOPU pajie, MeCTO 1 P>KaBy
(pemocienoM Koju ofroBapa MHAEKCHpaHUM OpojeBrMa
ayTopa); Ha JHY CTpaHMIle HAaBeCTU UMe U Ipe3NMe, aji-
pecy 3a KOHTaKT, 6poj TenedoHa, pakca u MMejI agpecy
ayTopa 3aJy>KeHOT 32 KOPEeCIIOHAEHIINY.

CAJKETAK. Y3 opuruHaaam paj, IpeTXOfHO ¥ KPaTKoO
CaoIIIITelbe, IPerIe] MTepaType, MpyKas crydaja (6omec-
HIKA), Paji U3 UCTOpUje MefULIVHE, aKTYeTHY TeMy, paj
3a pyOpUKY je3VK MeAMI[MHe U paj 3a IPaKCy, Ha IPYToj
0 pefly CTPaHMUIM JOKYMEHTa Tpeba IPUIOKUTHU Caxe-
Tak pafia o6uma 100-250 peun. 3a opuruHaaHe pajfose,
IPeTXOMIHO M KPAaTKO CAOIIITeme CaskeTaK Tpeba fla MMa
cnepehy crpykrypy: Yeon/Ium paga, Metoze pana, Pe-
3yNnTaTH, 3aK/by4aK; CBAKM Off HABeJEHNX CerMeHaTa M-
caTy Kao 1oce6aH Macyc Koju Hounbe 60NIOBaHOM peylt.
Hagectn HajsaxkHUje pesynrare (HyMepryKe BpeTHOCTH)
CTaTUCTIMYKE aHa/M3€e ¥ HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiuTeH, Beh Mopa OMTH IUpPEKTHO IOBe3aH ca
pesynTatuMa paja. 3a mpukase 60/IeCHIKA CaXKeTaK Tpe-
6a ma uma cnenehe genose: YBox (y IOC/IENBbOj pedeHUIIN
HaBecTy Imb), [Ipukas 6omecHnKa, 3aK/bydak; CErMeHTe
Takobe mucaTy Kao noce6aH macyc Koju mo4nie 60u50-
BaHOM pednt. 3a ocTajle TUIIOBE PafioBa CaykeTaK HeMa
HOCeOHY CTPYKTYPY.

K/bYYHE PEYMN. Vicnop CakeTKa HaBeCTH Off TPU [0
IecT K/byYHUX peun v uspasa. He Tpeba ma ce moHa-
B/bajy pedy U3 HAC/IOBa, a KJbY4He pedn Tpeba ma 6ymy
peeBaHTHe U ONMCHe. Y n360py K/byIHMX pedn KO-
puctutu Medical Subject Headings — MeSH (https://www.
nlm.nih.gov/mesh/meshhome.html).

ITIPEBO/] HA CPIICKM JE3UMK. Ha tpehoj no peny
CTpaHMLIM JOKyMeHTa IIPUIOKUTH HAaCJIOB pajia Ha CpII-
CKOM je3JKy, IyHa VIMeHa 1 IIpe3uMeHa ayTopa (6e3 TuTy-
J1a) MHAeKCpaHa OpojeBliMa, 3BaHNYaH Ha3UB YCTaHOBA
y KOjMa ayTopu pafie, MecTo 1 fip>xaBy. Ha cnenehoj -
YeTBPTOj IO pefly — CTPAHUIY JOKYMEHTA IPUIOKUTH
caxerak (100-250 peun) ¢ K/by4HUM peunma (3-6), 1 TO
3a pajioBe Y KOjiMa je o6aBe3aH ca)keTaK Ha eHITIECKOM
jeauky. [TpeBoz mojMOBa 13 CTpaHe IUTeparype Tpeba ga
Oyze y ByXy cpIcKor jesuka. CBe CTpaHe peyuy MIN CUH-

TarMe 3a Koje II0CTOj1 ofroBapajyhe ume y HaleM jesuxy
3aMEHUTHU TUM Ha3MBOM. YKO/IMKO je paj| y LleJIOCTH Ha
CPIICKOM je3MKY, HOTPeOHO je MpeBecTy Ha3WBe IPHIO-
ra (tabena, rpaduKoHa, CIIMKa, CXeMa) YKOIMKO X VIMa,
LeJIOKYTIHM TEKCT y IbJMMa I JIETEH/Ty Ha eHITIECKM je3UK.

CTPYKTYPA PAJTA. CBy 1OffHAC/IOBM Ce IIMIIY BETUKIM
MacHMM cnoBuMa (607y). OpUrMHaIHY paji U IPETXOTHO
U KpaTKo caomuTee 06aBe3Ho Tpebda ga uMajy ciepehe
nopHacnose: YBox (Insb pafia HaBeCTH Kao MOCTIEbY TTa-
cyc YBona), Metone papa, Pesynraru, Iuckycnuja, 3akmy-
vak, /Iureparypa. [Ipernen nureparype 1 akTyenny TeMy
41He: YBOJI, OfiroBapajyhu nognacnosy, 3akbydax, JIn-
TepaTypa. [IpBouMeHOBaHM ayTOp NpernefHOr pajia Mopa
Ta HaBefle Oap meT ayTomnuTara (Kao ayTop WM KOayTop)
pazmoBa My6IMKOBaHMX Y YacOMMCHMA ¢ pelieH3njoM. Ko-
ayTopH, YKOIMKO UX MMa, MOPajy fia HaBeny 6ap jeman
ayTOIIMTAT pajioBa TaKohe MyO6IMKOBaHMX Y JaCOIMCHMA C
penensujom. IIpnkas ciydaja wam 6onecHMKa YuHe: YBOJ,
(Iws papa HaBeCTH Kao IOCIeN b acyc YBopa), [Ipukas
6ornecurka, [luckycuja, JIuteparypa. He Tpe6a kopucturu
uMeHa 60JIeCHIIKa, MHMIMjale, HUTK OpojeBe uctopuja 60-
JIeCTH, HAPOUMTO Y WIycTparyjama. [1prkasu 6omecHnka
He CMejy MMaTy BUIIIe Off TIeT ayTopa.

ITpurnore (Taberne, rpaduKoHe, CIMKe UTH.) IOCTAaBUTY Ha
Kpaj PYKOIINCa, a Y CAMOM Te/Ty TeKCTa jaCHO Ha3HAYNTH
MeCTO KOje ce OfIHOCK Ha iaTu mpuior. Kpajmwa nosumuja
npunora 6uhe oxpebena y Toxy npunpeme pajga 3a my6-
NIMKOBambe.

CKPAREHMIE. Kopuctuty camMo Kafia je HEOIIXOTHO,
¥ TO 32 BeOMa JIyrayKe Ha3VBe XeMMjCKUX jeIUIberba, Off-
HOCHO HaslBe KOju Cy Kao ckpahenmurie Beh mpemosHar/pu-
Bu (crangapaHe ckpahenune, kao Hnp. [THK, cupa, XVB,
ATTI). 3a cBaky ckpaheHUIly TyH TepMuH Tpeba HaBeCTU
IIpY IPBOM HaBODemY Y TEKCTY, CeM aKo HIfje CTaHfapfHa
jemuania mepe. He kopuctutn ckpahenniie y Hacnosy.
Vs6eraBatu kopuirheme ckpaheHnIa y caxxeTKy, ajii ako
Cy HeOIIXOffHe, CBaKy cKkpaheHMIry 06jacHNUT IpU IPBOM
HaBoDemwy y TeKCTY.

JENVIMATHI BPOJEBIL. Y TexcTy pajia Ha €HITIECKOM
jesnky, y Tabenmama, Ha TpadMKOHMMA ¥ IPYTVIM ITPUIIO-
3MMa JeluMaHe OpojeBe MUCaTY ca Ta4KoM (HIp. 12.5
* 3.8), a y TEeKCTy Ha CPIICKOM je3MKy ca 3ape3oM (HIIp.
12,5 £ 3,8). Kap rog je To Moryhe, 6poj 3aokpyxutu Ha
jenHy JenyMary.

JEOVUHWITE MEPA. Jly>xuHy, BUCUHY, TeKMHY U 3a1Ipe-
MVHY U3paXKaBaTy y MeTPUYKIM jeAMHMIIaMa (MeTap — 11,
kutorpaM (rpam) — kg (g), mirap — ) Wiy BUXOBUM JIeTIO-
BuMa. Temmeparypy uspaxasaru y cternennma Iensujyca
(°C), xonuuuHy cyncTanle y Monuma (mol), a mputucak
KpBM y MUIMMeTpPVMa XUBKHOT cTyba (mm Hg). CBe
pesynTare XeMaTOIONIKNX, KIMHWYKNX M 6MOXeMMjCKIX
Mepera HaBOJWUTHI Y MeTPUYKOM CUCTeMy mpema Meby-
HapoOIHOM cucTeMy jemuunna (SI).
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OBVIM PAJTOBA. IlenokynHu pyKonuc pajia KOju YnHe
— HAaCJIOBHA CTPaHa, Ca’KeTakK, TeKCT Pajia, CIMCaK JIMTepa-
Type, CBY IIPUIO3M, OHOCHO TOTIINCY 33 HUX U JIETeHIa
(tabere, cnuke, rpadUKOHM, CXeMe, LIPTEXM), HACTIOBHA
CTpaHa U Ca)kKeTaK Ha CPIICKOM je3VKy — MOpa M3HOCUTHU
3a OPUTMHAIHY Pajl, paji U3 MICTOPHje MeUIIVHE U Tpe-
rnep mureparype o 5000 peyn, a 3a IPETXOZHO U KPATKO
CaOIIITEebE, IPUKa3 60/IECHNKA, aKTYeTHY TeMY, paji 3a
IPaKCy, efyKaTVBHY YWIAHAK U pafl 3a PyOpUKY ,,]e3uk Me-
puiyHe 5o 3000 peuy; pajoBY 3a OCTajle pyOpuKe MOry
nMary Hajume 1500 peun.

Bupeo-pagoBu Mory TpajaTu 5-7 MuHyTa 1 6uTH Y PopMa-
Ty avi, mp4(flv). ¥ mpsoM xazipy ¢uamMa Mopa ce HaBeCTI:
y HaiHacnmoBy CpIICKM apXMB 3a LIeJIOKYITHO TeKapCTBO,
HACTIOB paJia, Ipe3yMeHa U MHUIIVja IMEHa U CPefEbeT
CJI0Ba CBUX ayTopa paja (He ¢puiaMa), roguHa uspafye.
Y mpyrom Kafipy Mopa OUTH YCHUM/bEH TeKCT pajia y BUAY
arcTpakTa o 350 peun. Y mocnenmeM Kapy GpumMa Mory
ce HaBeCT MMeHa TeXHIIKOT 0co67ba (pexxija, CHUMATETb,
CBET/IO, TOH, QoTorpaduja i ci1.). Y3 Bujeo-pamose foc-
TaBUTU: TOCEOHO TEKCT y BUAY arcTpakTa (o 350 peun),
jenHy dortorpadujy Kao miIycTpauujy npukasa, usjaBy
MOTIIMCAHY Of CBET TEXHIYKOT 0cob/ba fla ce Ofpnyy ay-
TOPCKMX ITpaBa y KOPUCT ayTopa paja.

ITPTUIO3M PATY cy tabene, cuke (¢pororpaduje, up-
TEXM, CXeMe, IpadVKOHM) 1 BULIEO-TIPUIO3NL.

Caaka Tabena Tpeda ma dyze cama 1o cedu ako pasy-
wpuBa. Hacnos Tpeba oTkyuaru usHaj taberne, a obja-
MBemha UCIoR mbe. Tabene ce 03HaYaBajy aparcKuM
6pojeBrMa mpema pegocneny HaBobhema y Texcry. Ta-
6erne npTaTH UCK/BYUNBO y mporpamy Word, Kpo3 MeHI
Table-Insert-"Table, y3 neduHycarme TaYHOT OpOja KOTTOHA
u pefoBa Koju he unHNTH Mpexy Taberne. [JecHUM KIMKOM
Ha muiny - nnomohy onnuja Merge Cells u Split Cells -
crajaTit, ogHocHo femty henuje. Kyuatn ponrom Times
New Roman, Benmu4nHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
mpopenoM 1 Oe3 yBiaderma Tekcra. Kopuirhene ckpahe-
Hulle y Tabenu Tpeba 06jacHUTH Y IeTeHAM UCIIOF, Tabe-
7e. YKOJIMKO je PYKOIIVC Ha CPIICKOM je3WKY, TIPYUIOXKNUTH
HasuBe Tabela U JleTeHAy Ha o0a jesuka. Takobe, y jenny
Tabeny, y OKBUpPY 1cTe henuje, yHeTI U TEKCT Ha CPIICKOM
U TEKCT Ha €HIVIECKOM je3UKy (HMKAKO He IIPaBUTH [iBe
Tabere ca iBa jesukal).

Ciuke cy cBy 00/ rpadM4Kmx OpyUIora U Kao ,,CiKe”
y CA ce 06jaBmyjy dotorpaduje, ipresxu, cxeme u rpadu-
koHM. C/MKe 03HaYaBajy ce aparcKuM 6pojeBuMa ImpeMa
penmocneny HaBohema y Tekcty. IIpuMajy ce Ck/bydInBo
pururante ¢pororpaduje (LpHO-6eme mmm y 60ju) peso-
nyuuje HajMame 300 dpi u popmara sanca tiff unu jpg
(Mae, MyTHe 1 CIMKe JIOIIET KBajuTeTa Hehe ce mprxBa-
TaTy 3a MTaMIame!). YKONMMKO ayTopy He MOCeRyjy M
HICY y MoryhHOCTH fla locTaBe guruTante pororpaduje,
OHJIa OPUTVHAJIHE CIMKe Tpeba CKeHNPATHU Y Pe3onyyjn
300 dpi M y OpUTMHATHOj BEMMYMHN. YKOIMKO je paj Heo-
IIXOJTHO WTyCTPOBATH Ca BUIIE CIMKa, y pany he ux 6uru
00jaB/beHO HEKOJIMKO, a ocTasle he 6utn y e-Bep3uju wiaH-

Ka Kao PowerPoint mpe3eHTanja (cBaka cmka Mopa OuTu
HyMepJCaHa VI IMaTy JIETeH]TY).

Bupneo-npunosu (mnycrpanuje pasa) Mory Tpajaru 1-3
MUHyTa 1 6utn y dopmary avi, mp4(flv). ¥3 Bugeo moc-
TaBUTH NTOCEOHO C/IMKY Koja Ou O¥Ia MiycTpalja BULeo-
IpyKasa y e-M37amy U 06jaB/beHa y ITaMIIAHOM M3JIakbY.
YKOJMKO je PYKOIMC Ha CPIICKOM je3MKY, IPUIOKUTH Ha-
3UBe C/IMKa 1 JIETeH/Ty Ha 00a je3nKa.

Cruke ce y cBecIM MOTY IITAMIATH y 60ju, anu JofaTHe
TPOLIKOBE IITaMIle CHOCE ayTOPH.

Ipadukonu tpeba ga 6yny ypahennu u focrasbeHn y mpo-
rpamy Excel, ma 6u ce Bupene mpatehe BpefHOCTH pacIo-
pebene o henujama. Vicre rpadukone npekonupatu u y
Word-oB oKyMeHT, Ijje ce rpadpMKOHN O3HaYaBajy apar-
cknM 6pojeBrMa IpeMa pefociefy HaBohema y TeKCTy.
Csu nopaiy Ha rpadukoHy Kyuajy ce y donry Times New
Roman. Kopuuthene ckpahennue Ha rpaduxony tpeba
00jacHNTH y JIeTeHU UCTION rpaduKoHa. Y MITaMIIaHoOj
Bep3Mju WIAHKa BepoBaTHIje je fa rpadukoH Hehe 6utn
IITaMIaH y 60jy, Te je 6ojbe u3beraBaty kopuinhemwe 60ja
y TpaduKOHMMA, NIV X KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKOMNKO je PYKOIINC Ha CPIICKOM je3UKY, IPUITOXUTH
HasuBe rpaduKOHa ¥ JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce HOCTaBIbajy y jpg wiu tiff popma-
Ty. CxeMe ce Mory upTary u 'y nporpamy CorelDraw wmu
Adobe Illustrator (mporpamu 3a paj ca BeKTOpKMa, KpyBa-
Ma). CBM Iofialiy Ha CXeMU KyIajy ce y donry Times New
Roman, BemmunHa crosa 10 pt. Kopumhene ckpahenuie
Ha cxeMyt Tpeba 06jaCHUTI y JTeTeH/M NCTIOf, CXeMe. YKO-
JIIKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUTOXKNTI Ha3VBe
cXeMa U JIeTeH/y Ha 00a jesuKa.

3AXBATHUITA. HaBecTu cBe capajHMKe KOju CY JOIIPU-
HeJ/ CTBapamy pajia a He NCIYkaBajy MeplIa 3a ayTop-
CTBO, Ka0 LITO Ccy 0cobe Koje 06e36ebyjy TeXxHUUKY 1O-
Moh, moMoh y nvcamy paga M pyKoBojie ofie/berbeM Koje
06e36ehyje omuty noppiky. GuHaHCKjCKa 1 MaTepyjaTHa
nomoh, y 067Ky CIIOH30pCTBa, CTUIIEHM]ja, TOK/IOHa,
olpeMe, IeKOBa I Ipyro, Tpeda Takobe fa Oyne HaBeneHa.

JIMTEPATYPA. Cnucax pedepeHiu je OITOBOPHOCT ay-
TOpA, a IUTUPAHN WIaHIM Tpeba fa Oyay Mako IPUCTY-
MavHM YnTaolyMa Jaconuca. Crora y3 caky pedepeHiy
ob6ase3Ho Tpeba HaBecTyt DOI 6poj wiaHKa (jefMHCTBEHY
HIICKY KapakTepa Koja My je goperbeHa) u PMID 6poj yxo-
JIMKO je YIaHaK MHAeKcupaH y 6asu PubMed/MEDLINE.

Pedepeniie HymepucaTu pefHUM apancKuM 6pojeBrMa
mpeMa pefocieny HaBohema y TekcTy. bpoj pedepeniu
He 61 Tpebaino fa O6yne Behu ox 30, ocuM y mperieny nu-
TepaType, Y KOojeM je J03BO/beHO Jia UX Oyze go 50, m'y
MeTaaHajus3l, Ife UX je fosBosbeHo fo 100. bpoj nuTn-
paHuX OPUTMHAIHUX pajoBa Mopa 6uTy HajMamwe 80%
oJ1 YKyIIHOT 6poja pedepeHIu, OfHOCHO 6poj uuTHpa-
HUX KEbUTA, TIOI7IaB/ba Y KIbJIaMa U IPerIefHNX YIaHaKa
Mam off 20%. Ykomuko ce fomahe MoHOTpadcke 1my6mm-



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

Kallyje M WIAHIY MOTy YBPCTUTH Y pedepeHLie, ayTopu
Cy Oy>KHM a X uuTupajy. Behnua nurupannx naydumx
YlaHaKa He 61 Tpe6ano ga 6yne ctapuja off IeT rofu-
Ha. Huje 03BOJ/beHO IMTHpabe alicTpaKaTa. YKOIMKO je
OMTHO KOMEHTApUCATH Pe3y/ITare KOjy Cy My0/IMKOBaHN
CaMo y BUJIY QIICTPAKTa, HEOIIXOJHO je TO HaBECTU Y CAMOM
TeKCTy pajia. Pedpepeniie uranaka koju cy npuxsahenn
3a LITAMIIY, a/Ii1 jOILI HICY 00jaB/beHy, Tpeba 03HAUNTI
ca in press ¥ IPUIOKUTI JOKA3 O IPUXBaTaby paja 3a
objaB/buBambe.

Pedepenue ce nutnpajy npema Bankysepckom ctumy
(yHudopMIcaHnM 3aXTeBMMa 3a PYKOIIVCe KOjI ce TIpe-
Tajy 6MOMeNMIIMHCKIM YacOIICHMa), KOj je YCIIOCTaBUO
MebhyHapogHy KOMIUTET ypeJHIMKA MEANIIMHCKUX Jaco-
nca (http://www.icmje.org), unju popmat xopucre U.S.
National Library of Medicine n 6a3e Hay4yHUX IyOIuKa-
nyja. [Tpumepe naBobhema mybnukanyja (41aHaka, Kibura
U IPYTUX MOHOTpadmja, eeKTPOHCKOT, Heo0jaB/beHOr U
Ipyror o6jaB/beHOT MaTepujaja) MOTy ce IpoHahm Ha MH-
TepHeT-CTpaHuIm https://www.nlm.nih.gov/bsd/uniform_
requirements.html. [IpunukoM HaBobemwa nureparype
BeoMa je BaYKHO IIPUAPKaBaTHU ce IIOMEHYTOT CTaHAap/a,
jep je To jemaH of HajOUTHMjUX PaKTOpPa 3a MHEKCHpalbe
IPUIMKOM KTacudyKaIyje HayYHIX 4acOMMca.

ITPOITPATHO ITMCMO (SUBMISSION LETTER). V3
pyKormuc 06aBe3HO IPUIOKUTU 06pasall Koju Cy ITOTIN-
CaJIM CBU ayTOPY, @ KOjy Caip>kut: 1) u3jaBy fa paj mper-
XOJIHO HUje MyOIMKOBaH U Jja HUje UCTOBPEMEHO ITOTHET
3a 00jaB/bMBabe y HEKOM JIPYyrOM YacoIVCy, 2) U3jaBy fa
CYy PYKOIIVC TIPOYNTAIIN ¥ OFOOPIIIN CBU ayTOPY KOjI HC-
IyHaBajy MepuIa ayTopCTBa, M 3) KOHTAKT MOjaTKe CBUX
ayropay pany (agpece, uMmejn agpece, TenedoHe UTH.).
branko obpasar Tpeba mpeyseTi ca MHTEPHET-CTPaHNIIe
vacomuca (http://www.srpskiarhiv.rs/en/submission-letter/
SubmissionLetterForm2023.pdf).

Taxobe je moTpe6HO FOCTaBUTH KONMje CBUX [HO3BOTIA
3a: perpoayKoBabe IPeTXOfHO 00jaB/beHOT MaTepljaa,
ynotpeby miyctpanyja u objappruBame MHOpMaLja o
HO3HATIM JbYAVMA VIV IMEHOBabe /by KOjU CY JOIIPU-
HeJIV M3pafiyi paja.

YITAHAPUHA, ITPETIUVIATA 1 HAKHAJIA 3A Ob-
PATY YTAHKA. JTa 6u pax 610 pasmaTpaH 3a 06jaBrbu-
Bame y yaconucy Cpiicku apxus 3a yenoKyiiHo nekapcitieo,
CBM ayTOPM KOjM CY JIeKapy My cromMatonosn ns Cpouje
Mopajy 6utu yraHoBy CpIICKOT /IeKapcKoT IpyuITBa (y
ckmapy ca wiaHoM 9. CraryTa [IpymTsa) u MSMUPUTH
HaKHajy 3a oOpajny wiaHaka (Article Processing Charge)
y usHocy ofi, 3000 puHapa. AyTopu U KOayTOpU 13 MHO-
CTpaHCTBa Cy y 06aBe3) fIa IIaTe HaKHaay 3a obpamy
uaHaka (Article Processing Charge) y usHocy of 35 eBpa.
YmiaTa y jemHoj KaleHapCcKoj TOLMHYN 00yXBaTa I CBe

HapeJHe, eBeHTya/IHe YWIAHKe, [I0C/IaTe Ha pasMaTparbe y
T0j ropuun. CBM ayTOpU KOjy IIaTe OBY HAKHAJY MOTY,
YKOJIMKO TO KeJle, fja IIPMMajy IITaMIIaHO U3Jatbe 4aco-
myica. Tpeba HaIOMeHYTH [ja OBa yIlIaTa Hije rapaHiuja
na he pay 6urtu npuxsahen u o6jaBmwen y Cpiickom apxu-
8y 3a yenoxyiino nexapcinieo. Obasesa mwrahamwa HakHaze
3a 06pajy WIaHKa He OFHOCH Ce Ha CTy[eHTe OCHOBHMX
CTy/[Mja 11 Ha MpeTIUIATHVKE Ha YaCOIINC.

YcraHoBe (TIpaBHa /TNIIA) He MOTY ITPEKO CBOje MpeTIUIaTe
7la MICITyHe 0Baj yCIoB ayTopa ($uU3IdKor 1mIa). Y3 pyko-
mic paga Tpe6a [OCTaBUTU KOIMje YIUIATHUIIA 32 WiaHa-
PUHY U IIPeTIVIaTy / HaKHAay 3a 00pajy YIaHKa, Kao JoKa3
0 yIUTaTaMa, yKOJIMKO M3/jaBad HeMa eBUAEHLIN)Y O TOMe.
Yacomuc mpuxsara JOHaLuje Off CIOH30pa KOji1 CHOCE f1e0
TPOILIKOBA M/IV TPOLIKOBE y LIe/IMHN OHUX ayTOpa KOju
Hucy y MoryhHOCTH fia M3Mupe HaKHay 3a 0Opafy WiaHKa
(y TaxBuM cry4ajeBuMa HOTPEOHO je YaCOMUCY CTaBUTH
Ha YBUJ OIIPaBJaHOCT TAKBOT CIOH30PCTBA).

CJTAIBE PYKOIIMCA. Pyxomnuc pajia u CBM IIPUIO3K Y3
Paji IOCTaBIbajy ce MCK/bYUMBO eNeKTPOHCKM IIPEKO CHCTe-
Ma 3a TIpMjaB/bUBambe Ha MHTEPHET-CTPAHNIV YaCcOMMCa:
http://www.srpskiarhiv.rs

HATIOMEHA. Pap xoju He yicIlybaBa yclIoBe OBOT YIIYT-
CTBa He MOXKe 6utu yryheH Ha pereHsujy u 6uhe Bpahen
ayTopMMa Jia ra IoNyHe 1 ucnpase. [IpnpxaBameM yIyT-
CTBa 3a IPUIIPEMY pajia 3HaTHO he ce ckpaTuT Bpeme
IeIOKYITHOT TIpoIieca /1o 06jaB/biBaba pajia y 4acoIcy,
mTO he MO3UTMBHO yTULIATH Ha KBAaIMUTET WIaHAKa U pe-
TOBHOCT M3/Ta)Kerba JacoIINca.

3a cBe momaTHe MHPOPMaIVje, MOTIMO Jja ce obparuTe
Ha JloJIe HaBefleHe afipece 1 6poj TenedoHa.
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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 Instructions 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, au-
thors 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 citation, authors are encouraged to submit
articles of all types in English. The journal publishes the fol-
lowing article types: editorials, original papers, preliminary
and short communications, case reports, video-articles,
images in clinical medicine, review articles, current top-
ics, articles for practitioners, history of medicine articles,
language of medicine articles, medical ethics (clinical ethics,
publication ethics) and regulatory 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 com-
munications, 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
English and Serbian, included in the manuscript file. The
text of the manuscript should be typed in MS Word using
the Times New Roman typeface, and font size 12 pt. The
text should be prepared with margins set to 25 mm and
onto A4 paper size, with double line spacing, aligned left
and the initial lines of all paragraphs indented 10 mm,
without hyphenation. Tabs and successive blank spaces are
not to be used for text alignment; instead, ruler alignment
control tool and Toolbars are suggested. In order to start a
new page within the document, Page Break option should
be used instead of consecutive enters. Only one space fol-
lows 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., 997Tc, IL-6, 02, B12, CD8). If something is
commonly written in italics, such as genes (e.g. BRCA1), it
should be written in this manner in the paper as well.

If a paper is a part of a master’s or doctoral thesis, or a
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 man-
ner in which the paper had been published (e.g. changed
title or abstract).

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

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

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

AUTHORSHIP. All individuals listed as authors should
be qualified for authorship. Every author should have par-
ticipated sufficiently in writing the article in order to take
responsibility for the whole article and results presented in
the text. Authorship is based only on: crucial contribution
to the article conception, obtaining of results or analysis
and interpretation of results; design of manuscript or its
critical review of significant intellectual value; final 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
Submission Letter). Funding, collection of data or general
supervision 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 contri-
bution to the paper, with their written consent.

PLAGIARISM. Since January 1, 2019 all manuscripts have
been submitted via SCIndeks Assistant to Cross Check
(software iThenticate) for plagiarism and auto-plagiarism
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control. The manuscripts with approved plagiarism/auto-
plagiarism will be rejected and authors will not be welcome
to publish in Serbian Achieves of Medicine.

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 num-
bers of the authors); at the bottom of the page: name and
family name, address, phone and fax number, and e-mail
address of a corresponding author.

SUMMARY. Along with the original article, preliminary and
short communication, 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/Objec-
tive, 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 com-
pulsory. The terms taken from foreign literature should be
translated into comprehensible Serbian. All foreign words
or syntagms that have a corresponding term in Serbian
should be replaced by that term.

If an article is entirely in Serbian (e.g. article on history of
medicine, article for “Language of medicine,” etc.), captions
and legends of all enclosures (tables, graphs, photographs,
schemes) — if any — should be translated into English as well.

STRUCTURE OF THE MANUSCRIPT. All section head-
ings should be in capital letters using boldface. Original

articles 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 (objective is to be
stated in the final paragraph of the Introduction), Case
Report, Discussion, References. No names of patients,
initials or numbers of medical records, particularly in il-
lustrations, should be mentioned. Case reports cannot have
more than five authors. Letters to the editor need to refer
to papers published in the Serbian Archives of Medicine
within previous six months; their form is to be comment,
critique, or stating own experiences. Publication of articles
unrelated to previously published papers will be permitted
only when the journal’s Editorial Office finds it beneficial.

All enclosures (tables, graphs, photographs, etc.) should be
placed at the end of the manuscript, while in the body of
the text a particular enclosure should only be mentioned
and its preferred place indicated. The final arrangement
(position) of the enclosures will depend on page layout.

ABBREVIATIONS. To be used only if appropriate, for
very long names of chemical compounds, or as well-known
abbreviations (standard abbreviations such as DNA, AIDS,
HIV, ATP, etc.). Full meaning of each abbreviation should
be indicated when it is first mentioned in the text unless
it is a standard unit of measure. No abbreviations are al-
lowed in the title. Abbreviations in the summary should be
avoided, but if they have to be used, each of them should
be explained when first mentioned in the text of the paper.

DECIMAL NUMBERS. In papers written in English, in-
cluding text of the manuscript and all enclosures, a decimal
point should be used in decimal numbers (e.g. 12.5 + 3.8),
while in Serbian papers a decimal comma should be used
(e.g. 12,5 + 3,8). Wherever applicable, a number should be
rounded up to one decimal place.

UNITS OF MEASURE. Length, height, weight and volume
should be expressed in metric units (meter — m, kilogram -
kg, gram - g, liter — 1) or subunits. Temperature should be in
Celsius degrees (°C), quantity of substance in moles (mol),
and blood pressure in millimeters of mercury column (mm
Hg). All results of hematological, clinical and biochemical
measurements should be expressed in the metric system
according to the International System of Units (SI units).

LENGTH OF PAPER. The entire text of the manuscript
- title page, summary, the whole text, list of references, all
enclosures including captions and legends (tables, photo-
graphs, graphs, schemes, sketches), title page and summary
in Serbian - must not exceed 5,000 words for original
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articles, review articles and articles on history of medicine,
and 3,000 words for case reports, preliminary and short
communications, current topics, articles for practitioners,
educational articles and articles for “Language of medicine’,
congress and scientific meeting reports; for any other sec-
tion maximum is 1,500 words.

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 Archives of Medicine), title of the work,
last names and initials of first and middle names of the
paper’s authors (not those of the creators of the video), year
of creation. The second shot must show summary of the
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-explan-
atory. The title should be typed above the table and any
explanatory information under the table. Tables should be
numbered in Arabic numerals in order of citation in the
text. Use MS Word, the menu Table-Insert-Table, inserting
the adequate number of rows and columns. By the right
click of the mouse, use the options Merge Cells and Split
Cells. Use Times New Roman, font size 12 pt, with single
line spacing and no indent to draw tables. Abbreviations
used in tables should be explained in the legend below
each respective table.

If the manuscript is entirely in the Serbian language, tables
and corresponding legend should be both in Serbian and
English. Also, the table cells should contain text in both
languages (do not create two separate tables with a single
language!).

FIGURES. Figures are all types of visual enclosures, and
photographs, schemes, sketches and graphs are published as
‘figures’ in the Serbian Archives of Medicine. Figures should
be numbered in Arabic numerals in order of citation in the
text. Only original digital photographs (black-and-white
or color), of minimum 300 dpi, and jpg or tiff format, are
acceptable (small, blurry and photographs of poor qual-
ity will not be accepted for publishing!). If authors do not
possess or are not able to provide digital photographs,
then the original photos should be scanned in 300 dpi,
and saved in original size. If a paper needs to be illustrated
with a considerable number of figures, several figures will
be published within the paper, and the rest will be avail-
able in the electronic version of the paper as a PowerPoint

presentation (every figure needs to be numbered and be
accompanied by legend). Video-enclosures (illustrations
of a paper) can last 1-3 minutes and are submitted in the
flv format. Along with the video, a still/photograph repre-
sentative of the video is also needed, as it will be used as a
placeholder in the electronic version of the paper, and as
an illustration in the printed version.

If the manuscript is entirely in the Serbian language, pho-
tographs and corresponding legend should be both in
Serbian and English.

Photographs may be printed and published in color, but
possible additional expenses are to be covered by the authors.

GRAPHS. Graphs should be plotted in Excel in order to
see the respective values distributed in the cells. The same
graphs should be copied and pasted to the Word docu-
ment, 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 ex-
plained in the legend below the respective graph. In the
printed versions of papers, graphs are generally published
in black-and-white; therefore, it is suggested to avoid the
use of colors in graphs, or to utilize colors of significant
difference in brightness.

If the manuscript is entirely in the Serbian language, graphs
and corresponding legend should be both in Serbian and
English.

SCHEMES (SKETCHES). Schemes and sketches are to be
submitted in jpg or tiff format. Schemes should be drawn in
CorelDraw or Adobe Illustrator (programs for drawing vectors,
curves, etc.). The text in the schemes should be typed in Times
New Roman, font size 10 pt. Abbreviations used in schemes
should be explained in the legend below the respective scheme.
If the manuscript is entirely in the Serbian language, schemes
and corresponding legend should be both in Serbian and
English.

ACKNOWLEDGMENT. List all those individuals having
contributed to preparation of the article but having not met
the criteria of authorship, such as individuals providing
technical assistance, assistance in writing the paper or run-
ning 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 too.

REFERENCES. The reference list is the responsibility of
the authors. Cited articles should be readily accessible to
the journals readership. Therefore, following each refer-
ence, 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 refer-
ences should not exceed 30, except in review articles, where
maximum of 50 is acceptable, and in meta-analysis, where
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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, chap-
ters 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
tive 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
(Uniformed Requirements for Manuscripts Submitted to
Biomedical 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 ac-
companied 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) state-
ment 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 journal’s web site (http://
www.srpskiarhiv.rs/en/submission-letter/SubmissionLet-
terForm2023.pdf).

Additionally, the authors should submit the following copies
of all permits for: reproduction of formerly published mate-
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