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YPEBVIE

CAAAWH CEKPETAP CPIL AEK. APYIITBA,

Ipod. Ap. BAAJAH BOPBEBHR.

KIDHTA IIPBA,

¥V BEOI'PAAY,

¥ APEABHOJ MTAMUARHIN

1874.

MpBa cTpaHa npeor 6poja Yaconuca Ha CPNCKOM je3nKy

ARCHIVUM SERBICUM

PRO .UNIVERSA SCIENTIA ET ARTE

MEDICA RECIPIENDA

editum

A SOCIETATE MEDICORUM SERBICORUM
BELGRADENSI

curante

cjusdem societatis sodali secretario
Professore Dre VEADANO GJORGIEVIC.

LIBER PRIMUS.

BELGRADI,

in typographia principatus Serbici

1874,

The title page of the first journal volume in Latin

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

y KojeM ce 06jaBbyjy pasoBu ywaHoBa CpIICKOT JIeKapCKOT pYyIITBa,
MIPETIIATHMKA YacOTIVCA ¥ 4IAHOBA IPYTUX APYIITaBa MEUIMHCKIX ¥ CPOTHIX
crpyka. O6jaBibyjy ce: YBOIHMIIN, OPUTMHAIHY PajiOBY, IPETXOHA M KpaTkKa ca-
OINIITEH:A, IIPUKa3y GO/IECHNKA U CTy4ajeBa, BULIe0-WIAHIIN, CIUKe U3 KIIMHIIKe
MeJVIVIHe, TIPET/Ie{HN PajIOBY, aKTye/THe TeMe, PAJIOBM 3a IIPAKCY, PajIOBY U3
MCTOpUje MeUIIMHE Y je3VKa MeJMIIHE, MeIUIIMHCKE eTVKE VI PeryaTOpPHUX
CTaHZap/a y MeIMIMHM, M3BEIITaj) Ca KOHTpeca I HayYHMX CKYINOBa, TMYHA
CTaBOBMY, HAPY4YEHM KOMEHTAPH, MICMa YPEHUKY, IPUKA3/ KIbUTa, CTPydHe
BeCTU, In memoriam u gpyru npuao3mu.

CBU PyKOIINCH KOji Ce pa3MaTpajy 3a ITamiame y ,,CpIIcKoM apX1By 3a
1Ie/IOKYITHO IeKapCTBO He MOTY Jia Ce IOofHeCy uin Aa 6yny pasMaTpaHu 3a
my6/mKoBarbe Ha ApyTuM MecTuMa. PajioBy He cMejy fia Oy/ly IpeTXOHO MTaM-
TIaHM Ha IPYTUM MeCTUMA (IeIMMIIHO M/ Y IOTIIYHOCTH).

ITpucnenu pykoruc Ypehusauku o6op mame perieH3eHTIIMA pajiyt CTPyYHe
nporieHe. YKONMMKO PelleH3eHTH IIPefIoyKe M3MeHe VI JIONyHe, KOTIija pelleH-
3uje ce JOCTaB/ba ayTOPY C MONOOM JIa YHece TpakeHe M3MeHe Y TeKCT pajia U
Jla apryMeHTOBaHO 00Pas/IOKIL CBOje Hec/arame ¢ npuMes6amMa peleHseHTa.
KonauHy ofryKy o mpyuxBaramy pajia 3a IITaMITy JJOHOCHU IJTaBHU ¥ OTOBOPHM
YPEIHUK.

3a o6jaB/beHe pafiose ce He ucrahyje XoHOpap, a ayTOpCcKa Ipasa ce Ipe-
HOCe Ha u3fjaBaya. Pyxomvcu u npunosu ce ve pahajy. 3a penpopyxuujy mim
IIOHOBHO 00jaB/blBatbe HEKOT CeTMEHTa pajia My6/MMKoBaHor y ,,Cprickom ap-
XVBY" HEOIIXOJIHA je CAIJIACHOCT M37IaBayva.

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

AyTOpM MpyUXBarajy IOTIYHY OATOBOPHOCT 3a TAYHOCT Ie/IOKYTIHOT Cajip-
Kaja pykomnuca. Marepujan nmy6nukaipyje IpefcTaB/ba MUAIUbEHE ayTOPa I
HIIje HY)XHO 0oipa3 Muljberba CpIICKOT leKapcKor ApyiTsa. C 063upom Ha
6p3 HaIpeaK MeUIIMHCKe HayqHe 06/1aCTH, KOPUCHULY Tpeba [ja He3aBICHO
npolewyjy nHbOpMaLujy Ipe Hero LITO je KOPUCTE UK Ce Ha by 0CIabajy.
CpIIcKo TIeKapCKo APYLITBO, ypeaHuk uin Ypehusauku ogbop ,,Cprckor ap-
XVBa 32 LIe/IOKYITHO JIEKApCTBO He IPMUXBATajy 6110 KaKBY OATOBOPHOCT 32
HaBOJie y pajioByMa. PexmaMun matepujai Tpeba fja 6yzie y CKIafy ¢ e TM9KuM
(MemMIIMHCKIM) ¥ TIPAaBHUM CTaHAAapAMUMa. PekTaMHU MaTepujan yK/bydeH y
0Baj 9acOMIC He TAPAHTYje KBATUTET WM BPEJHOCT OT/IAIIeHOT TPOM3BO/A,
OJJHOCHO TBpJjHbe IPou3Bohaya.

ITopHeCeHN PYKOIINC IIOIPa3yMeBa fia je HheroBo Iy0mMKoBame ofo6puo
OJIrOBOPHI Ay TOPUTET YCTAaHOBE Y KOjOj je MCTpaKkuBambe 00aB/beHo. VismaBay
ce Hehe cMaTpaTy PaBHO OrOBOPHMM Y C/Iy4ajy IOJHOLIEHa GUI0 KAaKBOT
3axTeBa 3a KoMilensanujy. Tpeba fa ce HaBey CBM U3BOPM UHAHCHPaHba Pajia.

Cpncxu apXNB 3a IETIOKYITHO TeKaPCTBO je Yacomnc CPIICKOT IeKapCKOT
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Application of dental implant robots and
conventional dental implants in oral implantology
— a propensity score matching study

Wenjie Ma, Xinglin Chen, Huifen Liu, Meng Yang, Xin Tong

Nanjing University, The Medical School, Nanjing Stomatological Hospital, Department of Oral
Implantology, Nanjing, Jiangsu, China

SUMMARY

Introduction/Objective The aim of this study is to evaluate the application value of dental implant
robot (DIR) in dental implant restoration of patients with tooth loss (TL), so as to provide reference for
clinical practice.

Methods In total, 47 patients with TL who received DIR oral implantation in our hospital during the period
from March 2021 to August 2023 were selected as the research subjects. By propensity score matching,
according to the ratio of 1:1, the nearest neighbor matching algorithm was used to select 47 patients who
received conventional oral implantation as the control group. The matching variables included age, sex,
history of diabetes, history of hypertension, location of missing teeth, cause of missing teeth, and number
of missing teeth. To compare the implant errors of the two groups and to test their oral function after oral
implantation. In addition, we investigated the patients’ pain using the visual analogue scale (VAS) and
assessed their aesthetic appearance. Finally, the incidence of complications in the patients was recorded.
Results Compared to the control group, the implant error was lower in the observation group (p < 0.05).
After implantation, there was no difference in verbal expression and occlusal ability between the two
groups (p > 0.05), but VAS was lower in the observation group than in the control group at one week
and one month after surgery (p < 0.05). There was no difference in the complication rate between the
two groups (p > 0.05), but the observation group had better aesthetic appearance.

Conclusion DIR effectively enhances the accuracy of oral implantation and ameliorates the aesthetic
outcome for patients.

Keywords: robotics; treatment outcome; tooth loss; plantation accuracy; treatment outcome; oral im-
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INTRODUCTION

Tooth loss (TL) constitutes one of the highly
prevalent oral diseases in clinical settings, pre-
dominantly affecting middle-aged and elderly
patients. It can be induced by a multiplicity of
factors, including dental caries, various oral pa-
thologies, or accidental trauma [1]. Statistically,
the global incidence rate of TL ranges from ap-
proximately 23-53%, and this figure exhibits
an upward trend year by year [2]. The onset
of TL not only compromises the integrity of
the dentition, resulting in occlusal dysfunction,
alveolar bone atrophy, and decreased mastica-
tory function, but also precipitates the devel-
opment of other periodontal disorders [3]. The
gold standard to treat TL is oral implantation,
which involves the insertion of pure titanium
implants into the alveolar bone to replace the
absent teeth [4]. In recent years, with people’s
increasing attention to oral health and the ad-
vancement of medical technology, oral implan-
tation technology has become more and more
sophisticated and has currently become the
preferred treatment option for more than 70%
of TL patients [5]. The research focus of mod-
ern dental implant medicine centers on how

to further curtail the surgical treatment dura-
tion, enhance patient comfort, and guarantee
the success rate of the surgical procedure.

In 2016, the first dental implant robot (DIR)
was granted approval for clinical medical ap-
plication, presenting a brand-new solution
for enhancing the accuracy and predictability
of implant surgeries [6]. DIR works by using
digital scanning and 3D reconstruction tech-
nology to accurately measure and analyze the
patient’s oral cavity, and then relies on a high-
precision robotic arm to perform oral implants
[7]. However, as a cutting-edge technology, the
clinical application of DIR has received mixed
reviews. For example, Dibart et al. [8] believe
that the practical application ability of DIR is
not yet sufficient to meet clinical needs, espe-
cially when dealing with complex anatomical
conditions or when real-time decision adjust-
ment is required. Li et al. [9] pointed out that
the application of DIR needs more clear clinical
evidence support, especially in terms of long-
term success rate and cost-benefit ratio. These
controversies highlight the need for further
evaluation of DIR effectiveness and applica-
bility in real clinical settings. Secondly, due to
the relatively stringent requirements of DIR
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regarding hospital facilities and the operational proficiency
of surgeons, it has not yet achieved comprehensive popu-
larization throughout China. Related reports are usually
reviews, lacking of exact clinical studies [10, 11].

Since 2020, our hospital has been engaged in the pro-
motion of DIR usage within its premises. At present, a suf-
ficient caseload has been amassed. In light of this situation,
we conducted a retrospective analysis to verify the applica-
tion value of DIR in oral implantation, thereby remedying
the existing deficiency in DIR-related research in China. In
view of the limited clinical application data of DIR, the aim
of this study is to compare the differences between DIR-
assisted oral implantation and traditional oral implantation
in the treatment of TL through retrospective analysis, in
order to provide reference and guidance for future clinical
decision-making of oral implant treatment.

METHODS
Research subjects

Patients with TL who received oral implantation in
Nanjing Stomatological Hospital during the period from
March 2021 to August 2023 were selected as the research
subjects for retrospective analysis. The Power Analysis
and Sample Size software (PASS, NCSS, LLC,

the following variables: demographic data such as sex, age,
smoking history, drinking history, and place of residence;
clinical features like the location, quantity, and reason of TL.
All data were extracted through the electronic medical re-
cord system to ensure the accuracy and integrity of the data.

Surgical approaches

Conventional dental implants: Preoperatively, patients were
informed about the surgical workflow. Relevant laboratory
and imaging examinations were carried out, along with
an assessment of both the intra-oral and general health
status. Additionally, the environment, equipment, and pre-
paratory items in the operating room were introduced.
Following routine disinfection and draping, local infiltra-
tion anesthesia was administered to the patient using ar-
ticaine (1.7 mL). During the surgical procedure, the dental
implantologist performed gingival incision, flap reflec-
tion, sequential osteotomy for cavity preparation, implant
placement, and wound suturing. Postoperatively, spiral
computed tomography (CT) scans were re-performed to
evaluate the outcomes.

DIR: (1) Preoperatively, cone-beam CT (CBCT) was
performed to verify the patient’s eligibility for implanta-
tion, and intra-oral scanning was conducted to obtain
the dentition data (Figure 1A). The digital imaging and
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Kaysville, UT, USA) was used to calculate the
required sample size based on the significance
level a = 0.05 (two-sided test) and statistical
power 1-B = 0.8. The expected effect size was
set as (mean difference of apical error between
the two groups was 0.6mm, standard deviation
was 0.2mm). In addition, we calculated that a
minimum of 47 samples per group would be
required to account for a 10% risk of dropout.
The treatment options for the patients were
either DIR-assisted implantation (observa-
tion group) or conventional dental implants
(control group).

Inclusion and exclusion criteria

Inclusion criteria were: (1) Normal mouth
opening and occlusal function, with no loos-
ening of adjacent teeth; (2) Healthy gums,
good bone density, and sufficient and intact
thickness of the labial wall; (3) Good overall
health status, with no contraindications for
oral implantation. Exclusion criteria were: (1)
Inability to tolerate the implantation surgery;
(2) Presence of bad occlusal habits; (3) Refusal
to accept regular follow-up; (4) Existence of
communication disorders or mental illnesses.

Data collection

Patients’ baseline data and clinical features
were collected, including but not limited to

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):426-433
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Figure 1. Schematic diagram of the surgical procedure; A - cone-beam computed tomog-
raphy taken before surgery; B — design of implant position and implant path; C, D - the
process of surgical operation; E - review of cone-beam computed tomography after surgery
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communications in medicine data of the CBCT and the
standard template library data of the intra-oral scan were
then imported into the implant robot system. Through
the system software, the position of the implant was de-
signed, and the implantation path of the robot was planned
(Figure 1B). Subsequently, an intra-oral positioning guide
was fabricated, which was then connected to the calibra-
tion component to realize the spatial position relation-
ship transformation between the robot and the intra-oral
implantation site. Thereafter, the implantation steps were
designed, and the corresponding sequential relationship
between the selected tools and implantation steps was es-
tablished to plan the implantation protocol. (2) After cali-
bration, the osteotomy site was prepared. Drill bits were
replaced according to the preset sequence for sequential
cavity preparation. During the entire drilling process, the
robotic arm was adjusted in real time to ensure that the im-
plantation point, and the three-dimensional orientation of
the implant were in accordance with the preoperative de-
sign (Figure 1C). (3) Under the instruction of the surgeon,
the robotic implantation system completed the preparation
of the implantation socket according to the preoperative
plan. Depending on the patient’s mouth-opening degree,
the implant was either placed by the robot or manually
(Figure 1D). (4) CBCT was repeated after surgery to con-
firm the results obtained (Figure 1E).

Follow-up for prognosis

All patients were subjected to a one-year prognostic
follow-up investigation that was conducted regularly at
two-month intervals. After one year, all implant restora-
tions were completed, and the implant success rate was
computed. The criteria for successful implantation were
defined as follows: the implant remained stable with no
evidence of loosening; X-ray examination revealed no ra-
diolucent zones in the peri-implant bone tissue; and the
patient reported a favorable condition without any abnor-
mal sensations.

Outcome measures

(1) Based on the preoperative and postoperative CBCT
scan results of patients, the apical point error and implant
angle error between the preoperatively planned implant
and the actual implant were measured. (2) The Chinese
language articulation test was employed for patient assess-
ment, with the score calculated as (the number of correctly
articulated words/the total number of test words) x 100%
[12]. (3) The T-scan computerized occlusal analysis sys-
tem (Tekscan Inc., Norwood, MA, USA) was utilized to
detect the pressure exerted by the dental implant during
occlusion. Additionally, the percentage of pressure during
occlusion with the contralateral homologous control tooth
was recorded. (4) The visual analogue scale (VAS) [13] was
adopted to investigate the pain status (scored from 0-10)
at the surgical site during the preoperative stage (T0), one
week after the implantation (T1), one month after the
implantation (T2), and six months after the implantation

‘ DOI: https://doi.org/10.2298/SARH250320077M
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(T3). A higher score on the VAS indicated a more pro-
nounced pain level. (5) One year after the implantation,
the pink esthetic score (PES) and the white esthetic score
(WES) were employed to evaluate the esthetic outcome
[14]. The PES includes seven parameters: mesial and dis-
tal papilla, labial gingival margin curvature and height,
and root convexity, as well as soft tissue color and texture
(with a total score ranging from 0 to 14 points). The WES
consists of five elements: crown color, crown shape, crown
contour, crown surface texture, and crown transparency
(with a total score ranging from 0 to 10 points). Higher
scores in PES and WES signify enhanced esthetic outcomes
following restoration. (6) The incidence of complications
such as postoperative gingival inflammation, infection,
and periodontal discomfort in patients was recorded. (7)
The self-developed satisfaction survey scale of our hospital
was utilized to evaluate patient satisfaction regarding this
implant treatment. This scale encompasses dimensions
including the medical environment, treatment efficacy,
and service attitude. The total score was 100 points, with
a score above 85 indicating satisfaction, a score between
60-85 denoting basic satisfaction, and a score below 60
indicating dissatisfaction.

Statistical analysis

Statistical analysis was conducted using IBM SPSS Statistics
for Windows, Version 26.0 (IBM Corp., Armonk, NY,
USA). For categorical variables, the x test or Fisher’s ex-
act test was employed. The independent sample T-test or
Mann-Whitney U test was used for continuous variables.
Subsequently, the propensity score matching (PSM) ap-
proach was employed for 1:1 matching. The matching
variables included age, sex, diabetes history, hypertension
history, location of TL, cause of TL, and the quantity of
missing teeth. The nearest-neighbor matching algorithm
was adopted during the matching process, with a matching
ratio of 1:1. After matching, the balance of baseline data
in both groups was re-evaluated. A caliper value of 0.02
was set. A p-value less than 0.05 was regarded as statisti-
cally significant.

Ethics: The Ethics Committee of Nanjing Stomatological
Hospital approved the study (NJSH-2023NL-064).

RESULTS

Comparison of baseline data between observation
group and control group before PSM

After screening based on the inclusion and exclusion cri-
teria, 47 patients in the observation group and 73 patients
in the control group were finally determined. As shown
in Table 1, the two groups were not statistically different
in sex and age (p > 0.05). However, the observation group
had more patients with a smoking history and single-
tooth loss than the control group, with higher treatment
costs (p < 0.05). In addition, the number of people in the
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observation group whose place of residence
was rural and whose educational level was ju-
nior high school or below was less than that
in the control group, the participants were of
a younger age, and the operation time was
shorter (p < 0.05).

Evaluation of the balance of baseline
variables in patients before and after
PSM

We screened 47 patients in the observation
group through PSM. As shown in Figure 2,
the standardized mean differences of multiple
variables between the two groups were rela-
tively high before matching, and significant
differences were present in the distribution
of propensity scores, indicating substantial
differences in these variables between the
two groups. After matching, the standard-
ized mean differences of most variables ap-
proached 0, and the distribution conformed
more closely to the normal distribution.

Comparison of baseline data between
observation group and control group
after PSM

We found no notable differences in age, sex,
and number of missing teeth between the ob-
servation group and the control group after
PSM (p > 0.05), suggesting significantly im-
proved comparability of baseline data between
the two groups. Nevertheless, with respect to
treatment costs, the observation group still ex-
hibited higher values compared to the control
group (p < 0.05, Table 2).

Comparison of plantation accuracy

After the follow-up, the implantation suc-
cess rate of the observation group was 100%
(47/47), versus 97.87% (46/47) of the control
group, showing no statistical inter-group sig-
nificance (p < 0.05). Although not reaching a
statistically significant level, the 100% success
rate in the observation group suggests that
DIR-assisted implantation may have a clinical
trend towards improved implantation success.
The apical point error and implant angle error
of patients in the observation group following

Table 1. Baseline information before propensity score matching
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Control group

Observation

tarldls (n=73) group (n=47) | (ory?) P
Age 48.90 + 11.86 52.53 +£9.69 1.753 | 0.082
Male 49 (67.12) 30 (63.83)
Sex 0.138 | 0.710
Female 24 (32.88) 17 (36.17)
i Ye 19(26.03 21 (44.68
smoking | T8 (26.03) 4468 | 4477 | 0.034
history No 54 (73.97) 26 (55.32)
inki Ye 21(28.77 18 (38.3
Drinking es ( ) (383) 1184 | 0277
history No 18(38.3) 29 (61.7)
Junior high
Education | school and below 29(39.73) 10(21.28) 4436 | 0.035
level i : ’
High school and 44 (60.27) 37 (78.72)
above
Urb 36 (49.32 34 (72.34
Place of roan (49.32) U234) | 637 | 0013
residence | Rural 37 (50.68) 13 (27.66)
Singl 31 (4247 29 (61.7
Number of | Singe (4247) 617 | 4232 | 0040
tooth loss | Double and 42(57.53) 18 (38.3)
i P | 18 (24.66 9(19.15
Location of | Premolars ( ) ( ) 0498 | 0481
toothloss | Molar 55 (75.34) 38 (80.85)
Periodontics 34 (46.58) 26 (55.32)
Reason for 'yl caries 29 (39.73) 16 (34.04) 0.898 | 0.638
tooth loss
Trauma 10(13.7) 5(10.64)
Operation time (min) 34.77 £10.92 27.51 £6.05 4,158 | <0.001
Treatment costs (yuan) 5008.84 + 784.54 | 8438.57 £ 598.93 | 25.550 | < 0.001
Table 2. Baseline information after propensity score matching
. Control group Observation t
Vel (n=47) group (n=47) | (ory? P
Age 49.04 +12.48 52.53+9.69 1.514 | 0.133
Male 27 (57.45) 30(63.83)
Sex 0.401 0.527
Female 20 (42.55) 17 (36.17)
i Ye 17 (36.17 21 (44.68
Smoking | Yes ( ) ( ) 0.707 | 0.401
history No 30 (63.83) 26 (55.32)
inki Yes 14 (29.79 18 (38.3
Drinking ( ) (38.3) 0758 | 0384
history No 33(70.21) 29 (61.7)
~ | Junior high 17 (36.17) 10(21.28)
Education | school and below 2546 | 0111
level i ’ '
High school and 30 (63.83) 37(78.72)
above
Urb 28 (59.57 34 (72.34
Place of oan (59.57) (72.34) 1706 | 0.192
residence | Rural 19 (40.43) 13 (27.66)
Singl 26 (55.32 29 (61.7
Number of | Single ( ) (61.7) 0394 | 0530
tooth loss | Double and 21 (44.68) 18(38.3)
Location Premolars 10(21.28) 9(19.15)
of tooth 0.066 | 0.797
loss Molar 37(78.72) 38(80.85)
Periodontics 22 (46.81) 26 (55.32)
Reason for [ o caries 17 (36.17) 16 (34.04) 1.056 | 0.590
tooth loss
Trauma 8(17.02) 5(10.64)
Operation time (min) 30.21+9.11 27.51 +£6.05 1.694 | 0.094
Treatment costs (yuan) 5036.40 + 856.23 | 8438.57 +598.93 | 22.320 | < 0.001

implantation were both 0.57 + 0.16 mm and 2.78 + 0.34,
which were lower than those in the control group (p < 0.05,

Table 3).

Comparison of oral function

In terms of oral function, no significant differences were
identified between the two groups with respect to language
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articulation and bite force (p > 0.05). However, the ratio of
occlusal pressure to the contralateral homologous control
tooth in the observation group was significantly higher
than that in the control group (p < 0.05). Concerning pain
assessment, no differences were observed in the VAS scores
between groups at T0O and T3 (p > 0.05); nevertheless, low-
er VAS scores were determined in the observation group
versus the control group at T1 and T2 (p < 0.05, Table 4).
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Figure 2. Effectiveness check of propensity score matching (PSM); A - standardized mean
differences changes in variables before and after PSM; B - distribution of variables before

and after PSM; TL - tooth loss

Table 3. Plantation accuracy of the two groups of patients

. Control group Observation 2
Variables (n=47) group (n = 47) t (or x?) p
Implantation success rate 46 (97.87) 47 (100%) 1.011 0.315
Apical point error (mm) 0.66 +0.23 057 +0.16 2.298 0.024
Implant angle error (°) 3.24 +1.07 2.78+0.34 2.818 0.006
Table 4. Oral function of the two groups of patients
Control Observation
Variables group group t p
(n=47) (n=47)
§ | Respecttolanguage 89.92+265 | 904+219 | 0963 | 0338
s articulation (%)
E Bite force (N) 20.06 £2.84 | 2096 £3.84 | 1.291 0.200
& |Ratioofocclusalpressureto |76, 13 | 092+0.17 | 4303 | <0.001
the contralateral homologous
o TO 5.38+1.01 528+1.06 | 0498 | 0.619
§ :8,\% T1 349+1 2.72+0.8 4.108 | <0.001
SER M 23+088 | 1.87+0.99 | 2.198 | 0.031
° 13 072+045 | 060+05 | 1304 | 0.196
Table 5. Treatment safety of the two groups of patients
Loose | Inflammation . Severe | Tearing of | Incidence
Groups . Infection )
implants | of the gums pain | the wound rate
Control group 2
(n=47) 1(2.13) 2 (4.26) 1(2.13) (4.26) 1(2.13) 14.89
Observation 2
group (n = 47) 0(0) 1(2.13) 0(0) (4.26) 1(2.13) 6.38
2 1.790
p 0.181
Table 6. Aesthetic effects and treatment satisfaction of the two groups of patients
Control Observation
Parameters group group t p
(n=47) (n=47)
. Pink Esthetic Score 9.32+1.07 | 10.60+10.35 | 5.099 | <0.001
Aesthetic effects - -
White Esthetic Score | 8.89+1.03 | 9.79+1.88 2.865 | 0.005
Satisfaction 29 (61.7) 38 (80.85)
. . . 5 - 4209 | 0.040
Satisfaction Basic satisfaction 18 (38.3) 9(19.15)
Dissatisfied 0(0) 0(0) - -

DOI: https://doi.org/10.2298/SARH250320077M
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Comparison of treatment safety

Statistical analysis revealed that the incidence
rate of postoperative complications in the ob-
servation group was 6.38%, with no infected
cases. In contrast, the control group exhib-
ited an incidence rate of 14.89%, with one
infected patient. The comparison demon-
strated no significant difference in the inci-
dence rate of complications between the two
groups (p < 0.05, Table 5).

Comparison of aesthetic effects and
treatment satisfaction

Finally, in the comparison of post-implan-
tation aesthetics, it was evident that both
the PES and the WES were higher in the ob-
servation group than in the control group
(p < 0.05). The results of the satisfaction sur-
vey indicated that there were no dissatisfied
patients in either group. However, a greater
number of satisfied patients was found in the
observation group compared with the control
group (p < 0.05, Table 6).

DISCUSSION

In this study, we reported the application ef-
fect of DIR through PSM. It was found that
DIR significantly enhanced the accuracy of
oral implant restoration and was more con-
ducive to improving the occlusal function of
patients. These findings provide a reliable
data for future dental implant medicine.
Notably, the baseline data before PSM
showed that the proportion of patients liv-
ing in rural areas and the proportion of pa-
tients with education level of junior high
school or below in the observation group
were significantly lower than those in the
control group. It is speculated that this is
because the place of residence and educa-
tion level may indirectly affect the implant
effect (such as complication rate, pain score
VAS, aesthetic satisfaction) by affecting the
patient’s oral hygiene habits, compliance with
postoperative doctor’s advice, or perception
and reporting of pain. However, the primary
outcome measures (implant accuracy, bite
force, and speech intelligibility) in this study
were mainly affected by the surgical tech-
nique and the implant itself, and were rela-
tively unlikely to be directly affected by the
above socio-demographic factors, and we en-
sured comparability between the two groups
by PSM. However, more attention should be
paid to these potential confounding factors
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in the design and analysis of future studies. There was
basically no difference in baseline data between the two
groups after PSM, confirming that PSM can effectively
control potential confounding variables and lay a more
reliable foundation for the evaluation of the effect of DIR.
The comparison results showed that the apical point er-
ror and implant angle error in the observation group were
both lower than those in the control group, while the ratio
of occlusal pressure to the contralateral homologous con-
trol tooth was higher. This is also in line with the research
findings of Bahrami et al. [15], further validating the excel-
lent application effect of DIR. As it is widely known, the
traditional conventional dental implants primarily depend
on dental implantologists” evaluations, which are based
on preoperative CBCT results and the status of intra-oral
dentition loss. In addition, the processes of cavity prepara-
tion and implant insertion during the surgical procedure
rely on the surgeons’ clinical expertise and tactile sense
during implantation [16]. Research by Wang et al. [17]
has pointed out that due to differences in the experience of
dental implantologists, there may be deviations in the neck
and angulation of the implant, or substantial deviations in
the apical portion and depth of the implant during cavity
preparation, affecting the path of insertion of the super-
structure restoration. In contrast, the DIR manipulator can
precisely operate by moving instruments in three-dimen-
sional space, avoiding human errors caused by operational
fatigue, suboptimal body positioning, or visual blind spots,
and reducing the complexity of the operation, thus further
enhancing implantation accuracy [18]. In terms of oral
function recovery, there were no significant differences in
speech clarity and bite force between the two groups. This
is because the recovery of bite force depends mainly on the
osseointegration quality of the implant, the design of the
upper prosthesis, and the neuromuscular adaptation of the
patient. In this study, both DIR-assisted and conventional
implants followed standard osseointegration and repair
procedures, which may be the main reason for the com-
parable bite force recovery between the two groups. The
advantages of DIR in implant accuracy (such as more ac-
curate insertion angle and position) may be more reflected
in the accuracy of prosthesis insertion and long-term sta-
bility, while the effect on maximum bite force at one year
follow-up post-surgery is limited. Additionally, Feng et
al. [19] also mentioned that DIR guides the robotic arm
through navigation to automatically complete the prepa-
ration of the implant cavity according to the preoperative
plan. In the event of a slight displacement of the patient’s
head during the operation, the robotic arm can perform
real-time updates and calibrations to ensure the precision
and safety of the cavity preparation process. However, no
significant difference was observed in the comparison of
the incidence of complications between the two groups,
which may be due to the accident caused by the small
number of cases included in this study. Currently, the uti-
lization of DIR has not achieved high prevalence, making
it challenging for us to conduct a large-scale retrospective
analysis. In the future, we will remain vigilant regarding
this limitation.
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On the other hand, the influence of TL extends beyond
the pathological aspect and directly impacts the maxil-
lofacial appearance of patients as well [20]. In traditional
implant surgeries, the flap-elevation technique employed
during the operation can prolong the surgical duration and
cause pronounced postoperative pain. To a certain degree,
this can impede the postoperative recovery of patients and
lead to poor restoration outcomes. In this study, the PES
and WES scores of patients in the observation group were
both higher than those in the control group, suggesting
that DIR provides better results to improving the aesthet-
ics of patients. Reasons for analysis include: (1) The high-
precision operation of DIR ensured that the implant was
placed in the best three-dimensional position designed
before the operation, and provided an ideal exit profile
and support foundation for the prosthesis, which was con-
ducive to the formation of a coordinated gingival margin
curve, a full gingival papilla, and a natural crown shape.
(2) The precise navigation of DIR reduces the exploration
and adjustment of soft and hard tissues during the opera-
tion. In general, the socket preparation and implantation
can be completed without extensive flap surgery, and the
original soft and hard tissue structure and blood supply in
the planting area can be preserved to the maximum extent.
Minimally invasive surgery can reduce tissue edema and
scar formation after operation, and is conducive to the
stability and recovery of soft tissue aesthetic morphology
[7]. (3) DIR can avoid implantation deviation caused by
visual error or operator fatigue during free-hand operation,
which may lead to poor contour of the crown or abnormal
crown shape after insertion, which may affect the aesthetic
effect. In a clinical application study of DIR, Wu et al. [21]
also obtained the same results as this paper.

However, in this PSM study, it was observed that follow-
ing the matching process, the treatment costs of the obser-
vation group remained significantly higher than those of
the control group. This elevation in cost is associated with
the utilization expense of the DIR and is, unfortunately,
an unavoidable consequence. Although DIR has shown
advantages in accuracy and aesthetic results, its high cost
is an important challenge for clinical promotion. Future
studies should conduct a more comprehensive cost-effec-
tiveness analysis that considers not only the initial cost
of treatment, but also the possible long-term benefits of
DIR. The higher initial cost of DIR may be amortized if
it significantly reduces the long-term complication rate
or extends the lifespan of the prosthesis. Therefore, when
evaluating the value of DIR, the cost and benefit need to
be weighed from the perspective of the whole treatment
cycle. Meanwhile, the following issues cannot be over-
looked: (1) Currently, DIR cannot completely perform the
implantation surgery independently. Instead, it necessi-
tates surgeons to engage in preoperative planning, surgical
protocol design, and comprehensive intraoperative moni-
toring. Moreover, it cannot timely predict and make real-
time adjustments for various unexpected situations during
the operation. Therefore, in order to promote DIR tech-
nology, it is necessary to strengthen the professional and
systematic training of dental implantologists, and develop
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more intelligent intraoperative monitoring and auxiliary
decision-making systems to reduce the difficulty of op-
eration and the absolute dependence on the experience
of the doctor. (2) DIR is generally bulky and needs suffi-
cient operating space. (3) Since DIR is a new technology,
many patients find it difficult to accept it psychologically.
In clinical practice, it is therefore essential to strengthen
education and public awareness of DIR to improve patients’
understanding and acceptance.

Limitations

The number of cases in this study was small and we need
to increase the number of cases to improve the representa-
tiveness and comprehensiveness of the results. In addition,
there were fewer observational indicators in this study, and
we should add more objective indicators (e.g., inflamma-
tory factors, oxidative stress indicators, etc.) to observe
the full impact of DIR. Finally, the follow-up time in the
current study was short, which resulted in our inability to
assess the impact of DIR on the long-term prognosis of
TL. Therefore, we also need to conduct a longer follow-up
investigation on the subjects of this study.

REFERENCES

1. Dhaliwal G, Ouanounou A. Tooth surface loss: causes, management,
and prevention. Quintessence Int. 2024;55(6):504-13.
[DOI: 10.3290/j.qi.b5223649] [PMID: 38634628]

2. Galindo-Moreno P, Lopez-Chaichio L, Padial-Molina M, Avila-Ortiz
G, O'Valle F, Ravida A, et al. The impact of tooth loss on cognitive
function. Clin Oral Investig. 2022,26(4):3493-500.

[DOI: 10.1007/500784-021-04318-4] [PMID: 34881401]

3. HeC WangY,QinC, HuaN,Yang, Chen J, et al. Association
between tooth loss and geriatric syndromes in older adults: a
cohort study from a rural area in eastern China. Aging Clin Exp Res.
2025;37(1):128.[DOI: 10.1007/540520-025-03032-5]

[PMID: 40249538]

4. Bassir SH, El Kholy K, Chen CY, Lee KH, Intini G. Outcome of early
dental implant placement versus other dental implant placement
protocols: A systematic review and meta-analysis. J Periodontol.
2019;90(5):493-506. [DOI: 10.1002/JPER.18-0338] [PMID: 30395355]

5. TianYN, Li BX, Zhang H, Jin L. Development of dental robot
implantation technology. Zhonghua Kou Qiang Yi Xue Za Zhi.
2023;58(12):1300-6. Chinese.

[DOI: 10.3760/cma.j.cn112144-20230908-00148] [PMID: 38061874]

6. WangJ,Wang B, Liu YY, Luo YL, Wu YY, Xiang L, et al. Recent
Advances in Digital Technology in Implant Dentistry. J Dent Res.
2024;103(8):787-99. [DOI: 10.1177/00220345241253794]

[PMID: 38822563]

7. LiZ XieR,BaiS, Zhao Y. Implant placement with an autonomous
dental implant robot: A clinical report. J Prosthet Dent. 2025;133(2):
340-5.[DOI: 10.1016/j.prosdent.2023.02.014] [PMID: 36964047]

8. Dibart S, Kernitsky-Barnatan J, Di Battista M, Montesani L. Robot
assisted implant surgery: Hype or hope? J Stomatol Oral Maxillofac
Surg. 2023;124(65):101612. [DOI: 10.1016/j.jormas.2023.101612]
[PMID: 37633359]

9. LiP,ChenJ LiA LuoK, XusS,Yang S. Accuracy of autonomous
robotic surgery for dental implant placement in fully edentulous
patients: A retrospective case series study. Clin Oral Implants Res.
2023;34(12):1428-37.[DOI: 10.1111/cIr.14188] [PMID: 37855331]

10. Liu C, LiuY, Xie R, Li Z, Bai S, Zhao Y. The evolution of robotics:
research and application progress of dental implant robotic
systems. Int J Oral Sci. 2024;16(1):28.

[DOI: 10.1038/541368-024-00296-x] [PMID: 38584185]

11.Li P, Guan J, Chen J, Xu S, Li A, Yang S. Trephination-based
autonomous robotic surgery for dental implant placement: A proof
of concept. J Dent. 2024;148:105090.

[DOI: 10.1016/j.jdent.2024.105090] [PMID: 38777103]

‘ DOI: https://doi.org/10.2298/SARH250320077M

Ma W. et al.

CONCLUSION

DIR effectively enhances the accuracy of oral implanta-
tion, reduce the apical error by about 13.6%, and amelio-
rates the aesthetic outcome for patients. This represents a
high clinical value. It is recommended that the use of DIR
be promoted and popularized in clinical practice, thereby
furnishing a more reliable treatment guarantee for dental
implant medicine. The data emerging from this study are
limited, and a larger prospective randomized clinical trial
would be crucial to better study the application of this
new technology.
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MpuMmeHa poboTCKOr CMCTEMA U KOHBEHLIMOHAIHMX TEXHUKA NOCTaB/batba
AEHTANHUX UMNNAHTATA Y OPAIHOj UMNNAHTONOMUjU — CTYAMUja 3aCHOBAHA Ha

noayaapary No CK/IOHOCTU
BeHhe Ma, CuHrnuH YeH, XyejdeH Jby, MeHr Janr, CuH ToHr

YHuBep3uteT y HanhuHry, MeguumHckm dakyntet, HaHhuHLKa cTomaTonoLka 60nHuLa, Oferbetbe 3a opanHy nmnnantonorujy, HaHhuHr,

‘hujanrcy, Knna

CAMETAK

YBopa/Lwm Linmb oBe cTyamje 610 je Aa ce NnpoLeHn BpegHOCT
nprMeHe pobOTCKOr cMCTEMa 3a MOCTaB/bakbe 3yOHYIX MMaH-
TaTa y OpasiHOj MMIaHTONOMMj/ KO NaLujeHaTa ca rybmutkom
3y6a, Kako 6u ce 0be3beaunne KopucHe HdopmMaLmje 3a Knu-
HUYKY MpaKcy.

Metope YKynHo 47 nauujeHata ca rybutkom 3yba, Koju cy y
nepvogy oA MmapTa 2021. o aBrycta 2023. roguHe y Haluoj 6on-
HULM NOABPrHY TN OPasiHoOj MMNaHTaLmju nomohy poboTckor
CrCTeMa 3a MoCTaBbakbe 3yOHMX MMMAHTaTa, YKIbyUYeH! Cy Y
CTyAujy Kao ncnutaHuuu. NMpmmeHom meTope noayaapama no
CKNoHocTw, y ogHocy 1: 1, n Kopuwherem anroputMa Hajom-
Xer cycefia n3abpaHo je 47 naumjeHaTa Koju Cy MofBPrHyTU
KOHBEHLIMOHAJTHOj OPaNHOj MMMAAHTALMjU 1 OHU CY YNHWIIN
KOHTpOSHY rpyny. Bapujabne Koje cy ce kopuctune 3a ynapvsa-
Fbe YKIbyuuBase Cy CTapocT, NoJl, aHaMHe3y AinjabeTeca n xunep-
TeH3uje, noKauujy 3yba Koju HefloCTajy, y3poK v 6poj 3yba Koju
HepocTajy. YnopehrBaHe cy rpeLuke y NocTaBsbatby MMMIaH-
TaTa n3mehy fBe rpyne, Kao 1 GyHKLVOHANHOCT yCHe fynibe
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HaKOH MMnnaHTaumje. Takohe cy npoLemnBaHN NHTEH3NUTET
6011a nauvjeHaTa Kopuwherem BIU3yesTHe aHaNIOTHe cKane U1
ecTeTckm pe3yntat. Ha Kpajy, 3abenexeH je 6poj komnnmkauwja
KoZ nauujeHara.

PesynTat Y nopeherby ca KOHTPOSIHOM FpyMnoMm, rpeLlKka y no-
CTaBsbatby MMIaHTaTa 6una je 3HauyajHo Marba Y UCMUTHBAHO]
rpynu (p < 0,05). HakoH nmnnaHTauuje Huje 61no cTaTucTUyKm
3HauajHe pasnuke y BepbanHOM v3parkaBakby U OK/Y3VBHO]
cnocobHocTn n3mehy ase rpyne (p > 0,05), anu je BpeAHOCT Ha
BV3yesIHOj aHasIorHoj CKanv buna HKa y NCNTUBaHOj rpyni
HEero y KOHTPOJIHOj rpyny Heflerby 1 Mecel) jaHa nocsie one-
pauuije (p < 0,05). Huje 6uno pasnuke y ctonu Komnankauuja
n3mehy ase rpyne (p > 0,05), anu je ecTeTcku ncxop 61o 6ormm
Y UCMUTVBAHO] Fpymnu.

3akrbyuak Po6OTCKM cMCTEM 3a NOCTaB/bakbe 3yOHMX VMMIIaH-
TaTa edpuKacHo nosehasa NPeLM3HOCT OpaHe UMMIaHTaLuje
1 No6osbLUIaBa eCTETCKM NCXOA KOA MaLyjeHaTa.

KmbyuHe peun: poboTuKa; ncxop nevetsa; rybutak 3y6a; npe-
LIM3HOCT UMMJIaHTaLje; opaHa MMNaaHTaLmja
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Teach-back model-based health education in
patients undergoing oral implant surgery
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SUMMARY

Introduction/Objective The objective of this study was to observe the application effectiveness of health
education based on the teach-back model in oral implant surgery patients.

Methods A total of 480 patients who underwent oral implant surgery in our hospital from June 2023 to
December 2023 were selected, and the patients were divided into the observation group (n = 241) and
the control group (n = 239) based on the random-number-table method. The control group adopted the
traditional preoperative oral instruction method, while the observation group adopted the preopera-
tive teach-back combined with multimedia-education method, with the same content. A comparison
was made between the two groups regarding patients’ health-knowledge mastery, patient-satisfaction
scores, and patient compliance.

Results The degree of health-knowledge mastery, patient satisfaction, and patient compliance in the ob-
servation group was significantly higher than in the control group, with statistically significant differences.
Conclusion Health-education based on the teach-back model can effectively improve the level of health-
knowledge mastery, patient satisfaction, and patient compliance among oral-implant-surgery patients.
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INTRODUCTION

Starting from April 20, 2023, the financial
burden on dental implant patients has signifi-
cantly decreased with the implementation of
centralized-procurement prices for dental im-
plant systems in China, lowering the barriers
for patients to seek medical care, which has led
to an expansion in the age and educational lev-
els of the patients seeking treatment [1]. On the
one hand, dental implants have become one of
the mainstream options for tooth restoration,
bringing a peak in implant surgeries for dental
institutions. On the other hand, the national
“Healthy China 2030 planning outline and
the National Health Commission’s “Healthy
Oral Action Plan (2019-2025)” emphasize the
need to improve health promotion and edu-
cation mechanisms, enhance the effectiveness
of health education services, and promote the
widespread dissemination of health knowledge
and the effective cultivation of health skills [2].
Therefore, it is of great significance to provide
effective health education for patients undergo-
ing implant surgery.

In recent years, various communication
methods have gradually been introduced in the
dental field, including tell-tell-tell, ask—tell-
ask, and teach-back (TB), aiming to cultivate
the personal skills of patients in managing their
oral health [3]. Specifically, the tell-tell-tell
method is described as “the doctor’s mono-
logue,” primarily involving one-way informa-
tion transmission from the doctor, lacking

interaction with the patient [3]. In contrast, the
ask-tell-ask method uses a three-step format
of “ask-inform-ask” to assess the information
needs and understanding of patients, helping
to meet their emotional needs [3]. However,
the TB method, as a more advantageous edu-
cational strategy, actively involves patients in
the educational process by asking them to re-
peat or demonstrate what they have learned,
significantly improving educational outcomes.
In this regard, a systematic review by Yen and
Leasure [4] indicated TB as an effective method
for enhancing or providing health education
for both children and adults. Additionally, the
TB method has been recommended by various
organizations, including the Joint Commission,
the National Quality Forum, the Institute for
Healthcare Improvement, and the Agency for
Healthcare Research and Quality, as one of the
effective methods for “comprehensive preven-
tive measures” [5]. The application of TB by
Seely et al. [6] in the informed-consent process
for surgical patients showed that this method
helped both doctors and patients focus on key
discussion points, ensuring that patients truly
understood the information while improving
their understanding of surgical risks. Moreover,
after applying TB to guide heart-failure patients
in disease-related knowledge and post-dis-
charge continuity of health education, Vellone
etal. [7] found a significant increase in patients’
grasp of medical information and a reduction
in readmission rates. In China, the TB method
was initially applied in the field of education,
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with its application in the medical field being relatively late.
Since 2015, research on the application of the TB method
in health education has gradually increased, covering vari-
ous diseases such as diabetes, hypertension, coronary heart
disease, chronic obstructive pulmonary disease, malignant
tumors, and orthopedic surgeries [8]. These studies have
indicated that the TB method can effectively enhance the
health-knowledge retention and compliance of patients.

However, despite the remarkable success of the TB meth-
od in other medical fields, its application in dental implants
remains limited. Traditional preoperative oral instruction in
dental implants lacks standardization, personalization, and
advancement, making it difficult to meet the comprehen-
sive health-knowledge needs of patients, ultimately result-
ing in poor knowledge retention and low patient compli-
ance [9]. In contrast, the TB method employs a two-way
information-exchange model, emphasizing the learner’s
absorption and understanding of the educational content,
thereby effectively enhancing the effectiveness of education
[10]. Multimedia education uses images, animations, and
videos to vividly and intuitively present the actual surgical
process to patients, making it practical and engaging, with
timely updates of information, which enables it to better
meet the urgent information needs of patients compared
to traditional oral education methods [11]. Notably, simul-
taneous demonstration and presentation during education
- first informing patients about the main surgical process,
the diagnostic and therapeutic instruments to be used, and
the reasons for their use, followed by using the model and
device to demonstrate the diagnostic and treatment process
and working status, along with the possible sound, light,
smell, and touch - can alleviate patients” psychological anxi-
ety. In this study, health education based on the TB model
was provided to 241 patients undergoing dental implant
surgery at our hospital, aiming to improve the effectiveness
of health education, fully meet the comprehensive health-
knowledge needs of patients, and enhance their compliance
and satisfaction [12, 13].

METHODS
Clinical data

This study was approved by the Ethics Committee of our
hospital, with all patients voluntarily signing informed-
consent forms. A total of 480 patients who underwent den-
tal implant surgery at the Implant Center of our hospital
from June to December 2023 were selected as study sub-
jects. The patients were randomly divided into an observa-
tion group (n = 241) and a control group (n = 239) using a
random-number table inclusion criteria: (1) patients who
met the surgical indications and received surgical treat-
ment; (2) patients without mental disorders. Exclusion
criteria: (1) patients unable to communicate normally;
(2) patients without a smartphone and unaccompanied
by family members; (3) patients with combined organ
dysfunction (heart, brain, kidney, etc.).
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Methods

In the control group, traditional oral instruction methods
were used for preoperative education: After scheduling the
surgery, outpatient nurses provided verbal health educa-
tion, with the content as follows: preoperative precautions
(cleaning teeth, avoiding colds, abstaining from smoking
and alcohol, etc.), the surgical process, key points for in-
traoperative cooperation, and postoperative precautions
(medication guidance, dietary guidance, oral care, follow-
up appointment times, etc.).

In the observation group, the TB method combined
with multimedia education was used for preoperative
education: After scheduling the surgery, patients were ar-
ranged in the preoperative education room at the Implant
Center. For patients with mobility issues or poor compre-
hension, family members accompanied them, with the
education provided by health-education nurses.

(1) Multimedia education

The educational content, developed in accordance with rel-
evant health-education guidelines (such as “Health Guide
for the Elderly in China” [14]) and tailored to oral implant
surgery, was created by a team of prosthodontists, dental
nurses, and geriatric specialists after reviewing clinical pro-
tocols and patient feedback. Converted into 15-minute
animated videos, it covers preoperative (e.g., medication
adjustments, caregiver arrangements), intraoperative (e.g.,
anesthesia steps, movement guidelines), and postoperative
(e.g., incision care, soft-food examples) details specific to
implant procedures. The videos use 3D animations, live-
action demos, and large-font subtitles with pinyin/dialectal
phonetics. Dialect versions (Cantonese, Shanghainese, etc.)
include region-specific food examples. Features like adjust-
able playback speed and repeat functions aid accessibility.
Before the session, nurses check language preferences, play
the videos, and pause for TB, helping patients grasp the
knowledge effectively.

(2) Implementation of the teach-back
health-education model

The specific content was as follows.

(1) The nurses completed a one-day training program
on the precautions of the TB method (including theoretical
courses on the principles of the TB method, role-playing
with simulated patients, and receiving expert guidance
during the initial clinical application).

(2) Education explanation: Nurses explained the content
again in simple and understandable language, demonstrat-
ing with models and instruments the surgical processes
such as implant insertion, screw closure, and healing-
abutment installation. Patients could touch some surgical
instruments on-site and experience the noise produced by
the surgical equipment; they also demonstrated oral-care
practices such as the Bass brushing technique and using
mouthwash with a dental model.
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(3) Question assessment: After the explanation, nurses
used open-ended questions to ask patients to repeat or
demonstrate the educational content, assessing their grasp
of relevant knowledge.

() Correction and clarification: When patients repeat-
ed or demonstrated correctly, they were positively encour-
aged and praised, concluding the education session. If in-
correct or incomplete, corrections and clarifications were
provided, supplemented by revisiting weak areas through
videos and on-site demonstrations.

(5) Assessment consolidation: Randomly selected
knowledge points were questioned for re-evaluation and
consolidation.

Evaluation criteria

Mastery of health knowledge: A health-education ques-
tionnaire created by our hospital for implant surgery was
utilized, with a QR code generated using the SoJump soft-
ware, allowing patients to scan and fill it out on-site after
the preoperative education session (see Figure 1). The
questionnaire covers four aspects: preoperative precau-
tions, surgical process, intraoperative cooperation, and
postoperative precautions, with a total of 10 items, and
the specific content of the questionnaire can be viewed
by scanning the QR code below. Each item is scored from
0-10 based on accuracy, with a total score of 100 points,
and patients were categorized into three groups based on
the results: fully mastered (> 90 points), partially mastered
(60-90 points), and not mastered (< 60 points). Prior to
formal use, the questionnaire underwent psychometric
validation: content validity was assessed by the expert
panel, resulting in a content validity index of 0.92, indi-
cating good relevance and comprehensiveness; internal
consistency was tested with a Cronbach’s a coefficient of
0.87, demonstrating reliable internal consistency; and test—
retest reliability was confirmed with an intraclass correla-
tion coefficient of 0.85 when administered to 30 patients
at a two-week interval, ensuring stable results over time.
The mastery of oral-implant health-education content was
calculated as follows:

Mastery = (Fully Mastered + Partially Mastered) / Total
Number x 100%

Figure 1. Health education questionnaire for implant surgery
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Patient satisfaction

The “Patient Satisfaction Survey for Preoperative Health
Education in Implant Surgery” was developed by our hos-
pital in accordance with the satisfaction indicators set by
the National Health Commission, tailored to our hospitals
actual situation, and consisted of nine items, including ser-
vice attitude (four items: whether patients are respected,
proactive communication, patience in answering questions,
and use of polite expressions), education experience (three
items: whether the methods are appropriate, content is
comprehensive, and language is easy to understand), nurses’
professional knowledge, psychological care, etc. Each item
has four levels: very satisfied, relatively satisfied, not very
satisfied, and very dissatisfied, scored as 100, 75, 50, and
0 points, respectively, and satisfaction assessments were
automatically sent to patients’ phones the day after the pre-
operative education session via SMS or WeChat through
our hospital’s cloud follow-up satisfaction-survey platform,
which patients filled out online before the cloud follow-up
platform automatically calculated satisfaction based on the
number of valid responses. Specifically, satisfaction was
calculated as follows: Step 1: Each Patient’s Satisfaction
Score = Total Score of Items / Number of Items; Step 2:
Patient Satisfaction for Implant Surgery = (Total Patient
Satisfaction Score / Total Valid Responses) [15].

Patient compliance

The postoperative compliance behaviors of both groups of
patients (pain management, medication adherence, avoid-
ing spicy, hot, and hard foods, and proper oral care) were
recorded through follow-ups via phone, to assess compli-
ance. Each nursing measure was categorized into 3 levels:

Fully compliant: Patients fully followed the medical
advice without any deviations;

Partially compliant: Patients mostly followed the medi-
cal advice but had minor deviations (e.g., occasionally for-
getting medication or slight dietary deviations);

Not compliant: Patients did not follow the medical ad-
vice or had significant deviations (e.g., frequently consum-
ing spicy foods, and not taking medication on time).

Calculation method

Total compliance rate = (Number of Fully Compliant +
Number of Partially Compliant) / Total Number x 100%;

Fully-compliant rate = Number of Fully Compliant /
Total Number x 100%;

Partially-compliant rate = Number of Partially
Compliant / Total Number x 100%;

Not-compliant rate = Number of Not Compliant / Total
Number x 100%.

Statistical methods
IBM SPSS Statistics, Version 19.0 (IBM Corp., Armonk, NY,
USA) was used for data statistics, and measurement data

following a normal distribution were expressed as (X + s),
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with inter-group comparisons performed using the inde-
pendent-samples t-test. Count data were represented as [n
(%)] and inter-group comparisons were performed using
the x* test. P < 0.05 was considered statistically significant.

Ethics: This study was conducted in accordance with the
Declaration of Helsinki and approved by the Research
Ethics Committee of Shaoxing Stomatology Hospital
(No. 2025-2-1, Date: 2025-02-04), and written informed
consent was obtained from all participants. All methods
were carried out in accordance with relevant guidelines
and regulations.

RESULTS

Comparison of general data between the two
groups

Before performing the primary outcome analysis, the gen-
eral data of the two groups of patients were compared to
assess the effect of potential confounders on the results,
including age, gender, education level, and cognitive level.
The statistical analysis suggested no significant difference
in age, sex, and education level between the control and
observation groups (p > 0.05), indicating inter-group com-
parability (see Table 1).

Comparison of mastery of education content
between the two groups

In terms of mastery of education content, the overall
mastery of patients in the observation group was signifi-
cantly higher than that in the control group (p < 0.001).
Specifically, the overall mastery of the control and observa-
tion groups was 154 (64.44%) and 220 (91.29%), respec-
tively, with statistically significant differences (x* = 50.281,
p <0.001) (see Table 2).

Comparison of patient satisfaction between the
two groups

For patient satisfaction, the observation group reported
significantly higher satisfaction than the control group
(p < 0.05). Specifically, satisfaction in the control and ob-
servation groups was 90.35% and 97.57%, respectively, and
the differences were statistically significant (p < 0.05) (see
Table 3).

Comparison of patient compliance between the
two groups

When it came to patient compliance, the compliance of
patients in the observation group was higher than that
in the control group in 4 aspects of pain management
(92.53% vs. 78.66%, x> = 18.755, p < 0.001), medication
adherence (83.82% vs. 69.87%, x> = 13.122, p < 0.001),
avoiding spicy, hot, and hard foods (91.29% vs. 76.15%,
x> =20.199, p < 0.001), and proper oral care (80.50% vs.
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Table 1. Comparison of general data between the two groups

e . Observation
Item = 2%9) P group Statistics| p
- (n=241)
Age/years 49.88 + 14.678 | 47.61 £ 15.117| 1.6681 | 0.096
Sex; n (%) 0.0002 | 0.992
M 107 (44.77) 108 (44.81)
F 132 (55.23) 133 (55.19)
Education level/n (%) 1.3282 | 0.249
High school or below | 176 (73.64) 166 (68.88)
College or above 63 (26.36) 75(31.12)
tvalue;
2x?value

Table 2. Comparison of mastery of education content between the two

groups [n (%)]

Grou n Not Partially Fully Overall
P mastered | mastered | mastered mastery
Control 239 | 85(35.56) | 113(47.28) | 41(17.15) | 154 (64.44)
Observation | 241 21(8.71) 65 (26.97) | 155 (64.32) | 220(91.29)
X 50.281
p <0.001
Table 3. Comparison of patient satisfaction between the two groups [n (%)]
Group SMS sent Valid responses Patient satisfaction
Control 239 225 90.35
Observation 241 238 97.57
Table 4. Comparison of patient compliance between the two groups [n (%)]
Group Control | Observation | x? p
n 239 241
Fully compliant 88 131(54.36)
£ Yy comp (36.82) :
1S
:'é, Partially compliant | 100 (41.84) | 92(38.17)
c
© . 51
E Not compliant (2134) 18(7.47)
E Overall compliance 188 223(92.53) | 18.755 | < 0.001
P (78.66) : : :
o . 130
(V]
g § Fully compliant (54.39) 170 (70.54)
27 37
o ﬁ Partially compliant 32(13.28)
c % (15.48)
£ 8 | Not compliant 72 39(16.18)
© ot complian .
% E (30.13)
S * | Overall compliance | 167 (69.87) | 202 (83.82) | 13.122 | < 0.001
E Fully compliant 127 (53.14) | 158 (65.56)
= v
5 . . 55
.E 3 Partially compliant (23.01) 62 (25.73)
[t
2% N li 57 21 (8.71
5 8 ot compliant (23.85) (8.71)
9]
z Overall compliance | 182 (76.15) | 220(91.29) | 20.199 | < 0.001
Fully compliant 80 134 (55.6)
g ycomp (3347) :
= 89
= . .
;E) Partially compliant (37.24) 60 (24.9)
s Not compliant 70 47 (19.5)
g P (29.29) :
3 169
(=9 .
Overall compliance (70.71) 194 (80.5) | 6.235 | 0.013
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70.71%, x> = 6.235, p = 0.013), with statistically significant
differences (p < 0.05) (see Table 4).

DISCUSSION

In this study, the comparison between traditional health-
education methods and the TB method combined with
multimedia education found significant advantages of the
TB model in improving health-knowledge mastery, patient
satisfaction, and patient compliance among patients un-
dergoing oral implant surgery.

Oral implant surgery is a complex dental treatment
process, in which the lack of periodontal tissue around
the implant makes it highly susceptible to pathogenic bac-
terial colonization and endotoxin invasion, leading to a
decrease in local immune-defense capability and triggering
peri-implantitis, which directly threatens the short- and
long-term survival of the implant [16]. Therefore, post-
operative care is of great significance for the success of the
surgery and the prognosis of patients. Nursing for dental
implants includes strict oral-hygiene maintenance, post-
operative medication management, and dietary control.
Meanwhile, these oral-care abilities are related to the level
of oral-health knowledge, self-care ability, and patient com-
pliance of the patients. Therefore, it is essential to improve
prognosis by enhancing the self-awareness of patients.

Additionally, the average age of patients was relatively
high (49.88 + 14.678 vs. 47.61 £ 15.117 years) in this study,
along with a low educational level (71.25% had a high-
school education or lower). In this regard, the traditional
preoperative education method for dental implants relied
on verbal instruction by nurses, which was monotonous
and dull, largely overlooking the understanding and mem-
ory challenges faced by elderly patients and those with
lower educational levels [17]. Moreover, patients often
experience confusion, tension, and anxiety preoperatively,
which reduce their ability to receive and master knowl-
edge. In the control group, only 64.4% of patients could
grasp the educational content, and their compliance was
lower than that of the observation group, indicating the
limited effectiveness of traditional health-education meth-
ods for elderly and low-education patient populations.
This result also highlights the necessity of optimizing edu-
cational methods. A more in-depth exploration through
customized multimedia approaches can achieve better
results in enhancing knowledge acquisition and compli-
ance. Considerations can be made from the following two
aspects: First, adjusting the complexity of multimedia
content to suit different levels of health literacy — using
simple visual presentations for low-literacy groups and
providing detailed explanations for high-literacy groups
- can improve understanding. Second, address language
barriers by using multilingual subtitles or dubbing, and
integrate specific contextual scenarios to address cultural
differences.

According to Dale’s Cone of Experience, people can
remember only 10% of knowledge through reading, 20%
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through listening, 30% through viewing images, 50% when
a demonstration is combined with listening, and up to 70%
through participating in discussions [18]. In this study;,
a health-education model was adopted based on the TB
method combined with multimedia, utilizing 30-60-sec-
ond video push notifications that allow patients to acquire
health education and self-care knowledge in a short period.
Particularly, the videos can be watched repeatedly, helping
patients identify gaps in their understanding and continu-
ously enhance their awareness of their condition and care.
This intuitive, vivid, and illustrative presentation method
effectively increases patient engagement, encouraging
them to recite and express the health-education content.
Meanwhile, nurses can assess patients’ understanding in
real time, addressing their questions on-site and providing
reinforcement, thereby offering timely and accurate guid-
ance. This increases patients’ ability to receive and master
knowledge, enabling them to better follow medical advice
for self-management postoperatively, ultimately achieving
better surgical outcomes and increasing patient satisfac-
tion. Compared to other research findings, this study fur-
ther confirms the effectiveness of the TB model in specific
patient populations. For instance, Chen [19] implemented
the TB method for health education in patients with dia-
betes and periodontal disease, finding significant relief of
periodontal issues and marked improvements in disease-
related knowledge and self-care abilities. Moreover, Lei et
al. [20] used TB health education in patients with chronic
periodontal disease, which helped maintain oral hygiene
and reduce plaque indices. These findings align with this
study, indicating that the TB model significantly enhances
patients’ mastery of health knowledge and compliance,
particularly among elderly and low-education populations.

However, this study also has certain limitations. First,
additional time may be required for the implementation
of the TB model to ensure patients fully understand all im-
portant information, which could be a challenge for busy
healthcare institutions, especially in resource-limited set-
tings. Second, this study primarily focused on short-term
health-education outcomes, without evaluating the impact
on long-term health outcomes. In this regard, the effects
of the TB model on long-term health outcomes, such as
postoperative quality of life and complications, should be
further investigated in future research. Additionally, pa-
tient characteristics such as health literacy, educational
background, and cultural differences should also be con-
sidered in future research, as these factors may impact
the effectiveness of the TB model. Finally, the study was
conducted at a single center, which limits the universal-
ity of the research conclusions. The patient cohort of this
study reflects the specific demographic characteristics and
clinical background of this single institution, and the avail-
ability of resources also differs from other environments.
Therefore, the effectiveness of traditional preoperative edu-
cation observed here may deviate to some extent from the
results of centers with diverse patient populations or dif-
ferent resource allocations. Caution is needed when widely
expanding these results.
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CONCLUSION

The implementation of health education based on the TB
model for patients undergoing oral implant surgery can
provide more specialized and standardized educational
content, helping patients truly understand relevant health
knowledge and improving their mastery of health informa-
tion. This, in turn, enhances their compliance, encourages
them to actively cooperate with treatment, increases pa-
tient satisfaction, and effectively prevents conflicts between
patients and healthcare providers. Therefore, this approach
is of significant value in clinical application and is worthy
of promotion and wider application.

Conflict of interest: None declared.
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3apaBcTBEHO 06pa3oBakbe 3aCHOBaHO Ha moaeny teach-back kop nauujeHaTa Koju
ce NoABpraBajy XMpPypLUKOj yrpaAtu OpaaHUX UMNNAHTATa

Cwv-Ju LlaHr!, Junr-Junr Lloy?

'Cromatonoluka 6onHuua y LaocuHry, Onemvetbe 3a Hery, WaocwHr, Llehanr, KnHa;
Cromatonowka 6onHuua y WaocnHry, AMGynaHTHO ogerbetbe, LaocuHr, Liehar, KuHa

CAMETAK

YBoa/Uwsmb Linmb paga je 6uo fa ce ncnnta edrkacHOCT Npume-
He 3A4paBCTBEHOr 06pa3oBatba 3aCHOBAHOT Ha Mogeny teach-
-back Kop nauujeHaTa Koju ce NoABpPraBajy XVpPYpLLKOj yrpafrbi
OpasiHUX MMMJIaHTaTa.

Metope Y cTyaujy je ykibyueHo 480 naumjeHata Kojuma cy of
jyHa fo feuembpa 2023. rognHe y Haloj 60HNLM XUPYPLLKHA
yrpaheHu opanHy umnnaHTaTh. MaunjeHT cy METofOoM Ciyyaj-
He HyMepuryKe Tabene pacnopeheHu y ncnutmsany rpyny (n =
241) n KoHTponHy rpyny (n = 239). KonTponHa rpyna je fobuna
TpagULMOHaNHy NpeonepaTuBHY YCMeHY NHCTPYKLUjY, [OK je
UCMUTUBAHA rpyna Jo6una npeonepaTrBHy eayKaLyjy MeToaoM
teach-back y kombuHaLmju ca MynTUMeAUjanHUM NPUCTYMNOM,
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ca uctum cagpxajem. lMopehern cy pesyntatu obe rpyne no
NUTakby yCBajarba 34PaBCTBEHOT 3Hatba, CTeMneHa 3aj0BO/bCTBA
navumjeHaTta u HMXOBe Capaj/bUBOCTU.

Pesynrtatu CreneH ycBajatba 34paBCTBEHON 3Hatba, 33[J0BO/b-
CTBa NaLyjeHaTa 1 capag/buBoCTu 6o je Behu y ucnutreaHoj
rPYnu y 0fHOCY Ha KOHTPOJHY rpyny, Npy Yemy je pasnunka 6una
CTaTUCTUYKM 3HaYajHa.

3aKs/byvak 3apaBcTBeHO 06pa3oBatbe 3aCHOBaHO Ha MoAeny
teach-back moxe edrikacHo fa noborsbLLa yCBajare 30paBCTBe-
HOT 3Hatba, 330BO/bCTBO NaLjvijeHaTa 1 hUXOBY Capaf/bUBOCT
TOKOM XMPYPLLKE YrpajHe OpanHuX MMMaaHTaTa.

KmyuHe peun: teach-back; opanHv nmnnaHTaTy; eflykauuja
nauujeHata
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SUMMARY

Introduction/Objective Following the failure of the single-wire technique in percutaneous coronary
intervention (PCl) for chronic total occlusions (CTO), two principal antegrade escalation strategies are
commonly employed: the parallel-wire technique and antegrade wire escalation (AWE). Despite their
widespread use, comparative data on the procedural characteristics and long-term clinical outcomes of
these strategies remain scarce. This study aims to compare the procedural parameters and long-term
outcomes of the parallel-wire and AWE techniques after single-wire failure in CTO PCI.

Methods This retrospective, single-center study included patients who underwent successful CTO PCI
between January 2018 and December 2023 using either the parallel-wire or AWE technique following
single-wire failure. The primary endpoint was a composite of cardiacdeath, myocardial infarction, stroke, or
target vessel revascularization (TVR). Secondary outcomes included procedure duration, fluoroscopy time,
contrast volume, and total radiation dose. Median follow-up duration was 1222 days (IQR 580-1969 days).
Results Among 270 CTO PCl procedures, 112 (41.5%) required escalation: 90 with AWE and 22 with the
parallel-wire technique. Baseline clinical and angiographic characteristics were comparable. The primary
composite outcome occurred in 14.4% of the parallel-wire group and 9.1% of the AWE group (p = 0.73).
No significant differences were observed inindividual clinical events. Procedure duration was longer
(95.5 +43.6 vs. 77.0 + 30.7 min; p= 0.064) and contrast volume higher (336.4 + 113.3 vs. 271.6 + 90.6 mL;
p = 0.014) in the AWE group, with similar fluoroscopy time and radiation dose. No clinically or angio-
graphically significant complications occurred during the periprocedural period.

Conclusion Both AWE and parallel-wire techniques demonstrate comparable safety and efficacy follow-
ing single-wire failure in CTO PCI. While procedural efficiency slightly favored the parallel-wire strategy,
overall outcomes support either approach, pending further prospective validation.

Keywords: chronic total occlusion; percutaneous coronary intervention; antegrade approach; wire
escalation; parallel wire

INTRODUCTION

Chronic total occlusion (CTO) percutaneous
coronary intervention (PCI) represents a fron-
tier of interventional cardiology that contin-
ues to evolve in both technique and strategy
[1, 2]. Despite advances in operator training,
wire technology, and algorithmic approaches,
procedural success remains highly dependent
on the ability to cross the occlusion efficiently
and safely [3, 4].

The single-wire technique is typically em-
ployed as the initial strategy during antegrade
CTO PCI. However, its success is often lim-
ited in complex lesion subsets characterized
by blunt or ambiguous caps, heavy calcifica-
tion, or long occlusion length. In such cases,

escalation is required. The parallel-wire (PW)
technique, which introduces a second wire af-
ter the initial wire enters a subintimal space,
enables re-engagement of the true lumen with
a different trajectory. Alternatively, the ante-
grade wire escalation (AWE) strategy involves
gradual increases in wire penetration power
while maintaining the original trajectory, and
is often guided by tactile feedback and intra-
vascular imaging [4, 5].

While both approaches are widely used,
comparative data on their clinical efficacy —par-
ticularly regarding long-term outcomes such as
cardiac death, myocardial infarction, stroke, or
target vessel revascularization (TVR) - remain
limited. Most previous studies have focused
on procedural endpoints, without evaluating

Received  MpummeHo:
June 24,2025

Revised - PeBusnja:

September 1, 2025

Accepted - MpuxeaheHo:
September 15, 2025

Online first: September 18, 2025

Correspondence to:

Siniga STOJKOVIC

Dr Suboti¢a 13

11000 Belgrade, Serbia
sinisastojkovicO@gmail.com



442

Jurici¢ S. et al.

whether differences in technique result
in sustained clinical benefits [6-11].

270 patients with CTO |

Considering that patient-specific risk

factors — particularly diabetes mellitus
— as well as anatomical features such as
bifurcation involvement, severe calcifi-

Overall success: 87.8% | l |

54 pts —retrograde approach

216 pts — antegrade approach |

cation, long occlusion length, and am-

| Antegrade success rate: 88.9% |

biguous proximal caps are associated

24 patients — recanalization failure
(23 AWE technique, 1 PW technique)

80 pts —recanalized with single-

— | —> ) s
wire technique

with increased lesion complexity and
adverse long-term outcomes following
CTO PCI, understanding the interplay
between clinical and anatomical vari-
ables remains crucial when assessing

112 pts — successfully recanalized
after single-wire failure

/

escalation strategies [12-16]. |

90 pts — AWE technique | |

22 pts — PW technique

This study aimed to compare not

only the procedural efficiency and safe-
ty of the two strategies, but also their
impact on long-term clinical outcomes,
thereby providing a more comprehen-
sive understanding of how escalation
techniques influence both immediate and long-term pa-
tient prognosis.

METHODS
Study design

This was a retrospective, observational single-center cohort
study conducted at the tertiary university Clinical Center
of Serbia, approved by the Ethics Committee of the Uni-
versity Clinical Center of Serbia. Patients who underwent
CTO PCI between January 2018 and December 2023 were
screened. Only those with failure of the initial single-wire
antegrade approach, followed by treatment with either a
PW or AWE technique, were included. In the analysis,
we included procedures that achieved technical success,
defined as successful CTO crossing with < 30% residual
stenosis and achievement of TIMI 3 flow. All procedures
were performed by a senior CTO operator in collaboration
with two junior specialists dedicated to CTO interventions,
both working under the supervision and proctorship of
the senior operator.

Definitions of procedural techniques
Single-wire technique

The single-wire technique refers to the initial approach in
PCI for CTO, where a single guidewire is used to attempt
lesion crossing in an antegrade fashion. This method typi-
cally employs a soft or intermediate-tip wire, guided by
angiographic anatomy, without immediate escalation to
higher-penetration or multiple-wire strategies. It is con-
sidered a low-complexity, first-line technique and often
precedes more aggressive methods if unsuccessful.

DOI: https://doi.org/10.2298/SARH250624073)

Figure 1. Study flow chart;

CTO - chronic total occlusion; pts — patients; AWE - antegrade wire escalation; PW - parallel wire

Antegrade wire escalation (AWE) technique

The AWE technique involves the sequential use of guide-
wires with increasing tip stiffness and penetration power to
cross the occlusion through the true lumen in an antegrade
direction. Escalation typically progresses from polymer-
jacketed or tapered-tip wires to high-penetration wires,
depending on lesion characteristics and operator judg-
ment. This method is generally employed after the failure
of the single-wire approach, aiming to overcome resistant
proximal caps or ambiguous vessel course without entering
the subintimal space [5].

Parallel-wire (PW) technique

The PW technique constitutes a structured escalation ap-
proach implemented after the unsuccessful application of
the single-wire method. Upon confirmation - or strong
suspicion - that the initial guidewire has entered an extra-
plaque space, a second, usually stiffer or differently tapered
wire is advanced in parallel to the first. Employing a micro-
catheter for enhanced support and directional control, the
adjunctive wire is steered along an alternative trajectory,
with the explicit aim of re-engaging the true arterial lumen
distal to the occlusion. By providing a distinct channel for
lesion negotiation and refining torque transmission, this
technique has been shown to improve crossing success
rates in anatomically challenging CTOs [17].

Endpoints

The primary outcome was the composite of cardiac death,
nonfatal myocardial infarction, target vessel revascular-
ization, and stroke. Secondary endpoints included total
procedure duration, fluoroscopy time, contrast volume,
and the total radiation dose, defined as the cumulative air
kerma at the interventional reference point (measured in
mGy), recorded at the end of the procedure.

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):441-447
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Population and eligibility

The study included patients with angiographically
confirmed chronic total occlusion who were initially
treated with a single-wire antegrade strategy, fol-
lowed by escalation to either a PW or antegrade wire
technique after failure of the initial attempt. Only
patients with complete procedural data and avail-
able long-term clinical follow-up were analyzed. Pa-
tients treated with retrograde or hybrid techniques,
those in whom re-entry devices such as CrossBoss
or Stingray were used, as well as individuals with
incomplete or unavailable follow-up data, were ex-
cluded from the study.

Follow-up

Clinical follow-up data were collected via outpatient
visits, electronic medical records, and standardized
phone interviews. Median follow-up duration was
1222 days (IQR 580-1969 days).

Statistical analysis

Categorical variables were expressed as counts
and percentages, and continuous variables were
reported as means * standard deviations. The ¥
test or Fisher’s exact test was used to compare cat-
egorical variables, while continuous variables were
compared using the independent-samples t-test or
Mann-Whitney U test based on data distribution.
A p-value less than 0.05 was considered statistically
significant. All statistical analyses were performed
using IBM SPSS Statistics version 28.0 (IBM Corp.,
Armonk, NY, USA).

Ethics: The study received approval from the Eth-
ics Committee of the University Clinical Center of
Serbia (Approval No. 30/4).

RESULTS

During the study period, a total of 270 patients un-
derwent percutaneous coronary intervention for
chronic total occlusion. Among them, 112 cases

443

Table 1. Baseline demographic, clinical, and procedural characteristics

Characteristics [n (%)] Total AWE PW ( AVEEEV\?SITJISW)
No of patients 112 90 22

Age (yrs, mean + SD) 585+95|673+10.1| 63.1+8 0.43
Male (%) 88 (78.6) 0(77.8) 18(81.8) 0.68
Family history of CAD (%) 49 (43.8) (41 1) 12 (54.5) 0.25
Diabetes (%) 32(28.6) 3(25.6) 9 (40.9) 0.209
- Insulin dependent 7 (6.25) 6( 7) 1(4.5)
Hypertension (%) 95(84.8) | 75(83.3) | 20(90.9) 0.38
Hypercholesterolemia (%) 88 (78.6) | 69(76.7) 19 (86.4) 0.32
Smoking status

- Never 61(54.5) | 46(51.1) | 15(68.2)

- Smoker 23(20.5) 2(24.2) 1(4.5) 0.1
- Ex-smoker 28 (25) (24 2) 6(27.3)

Previous Ml (%) 0(44.5) 8(42.2) 12 (54.6)

- STEMI 3(29.5) 5(27.8) 8 (36.4) 0.58
- NSTEMI 7(15.2) (144) 4(18.2)

Previous CABG (%) 5(4.5) 5(5.6) 0(0) 0.26
Previous PCI (%) 28 (25) 23 (25.6) 5(22.7) 0.78
Cccs

-CCS1 15(13.4) 13(14.4) 2(9.1)

-CCS2 80 (71.4) 64 (71.1) 16 (72.7) 0.76
-CCS3 17 (15.2) 13(14.4) 4(18.2)

CTOartery (n (%))

-RCA 64 (58.7) 50 (56.6) 14 (66.7)

-LAD 33(30.3) | 27(30.7) 6 (28.6) 0.54
-Cx 12(11) 11(12.5) 1(4.8)

Localization of CTO (n (%))

- Ostial 1(0.9) 1(1.1) 0(0)

- Proximal 47 (42) 36 (40) 11 (50) 037
- Medial 54 (48.2) | 43(47.8) 11 (50)

- Distal 10 (8.9) 10(11.1) 0(0)

In-stent CTO (N (%)) 10 (8.9) 7(7.8) 3(13.6) 0.41
('?;anr:ﬁfa‘;fgg)"e“e' 30404 | 30+04 | 32+03 0.02
Stump morphology (N (%))

- Blunt 35(31.3) 27 (30) 8 (36.4) 0.56
- Tapered 77 (68.8) 63 (70) 14 (63.6)

J CTO score (mean + SD) 169+1.2| 1.73+1.1 | 1.50+1.3 0.38
Side branch (%) 13(11.6) 12(13.3) 1(4.5) 0.25

Data are expressed as the mean + SD or as the number (percentage); CAD - coronary artery

disease; Ml -

myocardial infarction; STEMI - ST-elevation myocardial infarction; NSTEMI -

Non-

ST-elevation myocardial infarction; CABG - coronary artery bypass grafting; CCS - Canadian
Cardiovascular Society grading of angina pectoris; CTO - chronic total occlusion; LAD - left
anterior descending; Cx — circumflex; RCA - right coronary artery; AWE - antegrade wire

escalation; PW - parallel wire

(41.5%) necessitated procedural escalation due to unsuc-
cessful single-wire crossing and were subsequently man-
aged with either an AWE strategy (n = 90) or the PW tech-
nique (n = 22) (Figure 1). This final study cohort consisted
of 112 patients, the majority of whom were male (78.6%).

The mean age was 67.3 £ 10.1 years in the AWE group
and 63.1 + 8 years in the PW group, without a statistically
significant difference (p = 0.07).

No significant differences were observed between the
AWE and PW groups in terms of diabetes prevalence or
family history of coronary artery disease. Baseline demo-
graphic, clinical, and procedural characteristics for both
groups are detailed in Table 1.

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):441-447

Primary composite outcome and secondary
endpoints

The primary composite outcome, defined as the occur-
rence of cardiac death, myocardial infarction, stroke,
or TVR was documented in 13.4% of the overall study
population. In the parallel wire group, this outcome oc-
curred in 14.4% of patients, while in the AWE group, the
incidence was 9.1% (Figure 2). Although the parallel wire
group exhibited numerically higher event rates, none of the
individual components of the composite outcome reached
statistical significance between groups. Moreover, no sig-
nificant differences were identified in the overall incidence
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Single wire failure (n=112)

The wire does not cross the

occlusion \

The wire %mplaque

space

The wire crosses the

occlusion Dual lumen microcatheter

Microcatheter

at median 40.1

Primary C: ths (IQR 19-65 months)

14.4% vs 9.1% (p=0.73)

Secondary endpoints

Longer procedure duration and higher contrast usage in the AWE group, with similar floroscopy time and radiation exposure

Figure 2. Central illustration;

AWE - antegrade wire escalation; PW - parallel wire; CTO - chronic total occlusion

Table 2. Primary composite outcomes during Table 3. Secondary procedural endpoints: comparison between antergrade-wire escalation

follow-up and parallel-wire techniques
N (%) AWE PW p Parameter Total AWE (mean + SD) | PW (mean + SD) p
Cardiac death 3(3.3) 0(0) 1 Procedure time (min.) 91.84+419 95.5+43.6 77 £30.7 0.06
MI 2(2.2) 0(0) 1 Fluoroscopy time (min.) 37.57+223 38.1+£228 355+21.1 0.62
TVR 5 (5.6) 1(4.5) 1 Contrast volume (mL) 323.71+£111.88 336.4+113.3 271.6 +£90.6 0.01
Stroke 3(3.3) 1(4.5) 1 Air Kerma (mGy) 1582.85+987.32 | 1596.0£1014.6 | 1528.9+886.8 | 0.77
Total events 13(144) | 2(9.1) [0.73 The data is numerical;

The data is numerical;

AWE - antegrade wire escalation technique;
PW - parallel wire techniques; Ml - myocardial
infarction; TVR - target-vessel revascularization

of the primary composite endpoint or its constituent events
between the two antegrade escalation strategies following
failure of the single-wire approach. A detailed distribution
of outcome types by group is provided in Table 2.

Secondary procedural endpoints included procedure
duration, fluoroscopy time, contrast volume, and radia-
tion dose. The mean procedure time was longer in the
AWE group (95.5 + 43.6 minutes) compared to the PW
group (77.0 + 30.7 minutes), with a trend toward statis-
tical significance (p = 0.064). The contrast volume was
significantly greater in the AWE group (336.4 + 113.3 mL
vs. 271.6 £ 90.6 mL; p = 0.014). In contrast, no statistically
significant differences were observed between the groups
in terms of fluoroscopy time and radiation dose (p = 0.624
and p = 0.776, respectively) (Figure 2). A comprehensive
overview of these secondary outcomes is provided in Table
3. There were no clinically or angiographically significant
complications observed in the periprocedural period.

Specifically, in successfully recanalized patients within
the single-wire group, the following guidewires were used:
Fielder family in 58 cases (72.5%), Gaia 1st in eight cases
(10%), Gaia 2nd in 13 cases (16.25%), and Confianza Pro
9 in one case (1.25%).

‘ DOI: https://doi.org/10.2298/SARH250624073J

AWE - antegrade wire escalation technique; PW - parallel wire technique

In the AWE group, the most frequently selected initial
wire was from the Fielder family in 65 cases (72%), fol-
lowed by Gaia 1st in nine cases (10%), Gaia 2nd in 13 cases
(15%), and Gaia 3rd in three cases (3%). Among the wires
that ultimately crossed the occlusion in this group, the Gaia
family predominated: Gaia 1st in 22 cases (24%), Gaia 2nd
in 52 cases (59%), and Gaia 3rd in 10 cases (11%), whereas
Confianza Pro - four (4%) and Confianza Pro 12 - two
(2%) were used less frequently.

In the PW technique, the first-choice wires were pre-
dominantly from the Fielder family in 16 cases (73%), fol-
lowed by Gaia st in 4 cases (18%) and Gaia 2nd in two
cases (9%). Wires that successfully entered the distal true
lumen included Gaia 1st in four cases (18%), Gaia 2nd in
16 cases (73%), and Gaia 3rd in two cases (9%).

DISCUSSION

While single-wire crossing remains the predominant an-
tegrade strategy in contemporary CTO registries, there is
a notable lack of robust data guiding the selection of the

most appropriate alternative technique following failure

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):441-447
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of the single-wire approach (6). This study offers a com-
parative analysis of two widely used antegrade escalation
strategies - PW technique and AWE - employed following
single-wire failure in PCI CTO. Although no statistically
significant differences were observed in long-term rates of
the primary composite outcome between the groups, both
techniques demonstrated high procedural success and low
complication rates, underscoring their clinical utility in
contemporary CTO practice.

Although the PW group exhibited a numerically higher
rate of adverse events, this difference did not reach statisti-
cal significance, and the small sample size in this cohort
limits the power to draw definitive conclusions. Although
the small size of the PW cohort limits statistical power, the
absence of baseline imbalances strengthens the internal
validity of the findings. The greater contrast use and trend
toward longer procedural time in the AWE group may have
clinical implications, particularly in patients with renal
impairment or complex anatomy. These findings likely
reflect the incremental and often repetitive nature of AWE,
including multiple wire exchanges and re-engagement at-
tempts. The choice between wire-escalation and PW tech-
niques was largely dictated by procedural circumstances,
with longer occlusions being more prone to extra-plaque
wiring and thus more often managed by the PW approach,
particularly when the initial wire course was close to the
distal true lumen. Notably, the relative frequency of both
techniques in our cohort is consistent with the proportions
reported in major international registries.

Our findings are consistent with prior registry-based
observations and expert consensus statements suggesting
that both AWE and PW strategies are reasonable and ef-
fective options following initial wire failure. While direct
comparative data between these two techniques remain
limited, some studies comparing PW with dissection and
re-entry have suggested procedural trade-offs, with ADR
often achieving higher crossing success at the expense of
increased contrast and radiation exposure. A comprehen-
sive meta-analysis by Zhao et al. [18] demonstrated that
extensive ADR techniques were associated with a signifi-
cantly increased risk of adverse long-term outcomes - in-
cluding target vessel revascularization, in-stent restenosis,
and the composite of death/myocardial infarction/TVR
- when compared with conventional wire escalation strat-
egies. Conversely, limited ADR techniques, particularly
those facilitated by dedicated re-entry devices, were shown
to have outcomes comparable to those of wire escalation
[19]. Supporting this, the PROGRESS-CTO registry analy-
sis compared ADR and PW techniques after failed single-
wire attempts and reported that ADR was associated with
higher rates of major adverse cardiovascular events (3.7%
vs. 1.9%, p = 0.029), despite demonstrating slightly higher
technical success [20]. This suggests a potential trade-off
between technical efficacy and procedural safety, especially
in more complex or comorbid patients where ADR tends
to be more frequently selected.

Furthermore, findings from the randomized CrossBoss
First Trial [21] revealed no significant difference between

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):441-447

the CrossBoss-based ADR strategy and standard wire es-
calation in terms of crossing time, technical or procedural
success, or safety outcomes. These results emphasize that
while controlled dissection and re-entry techniques may
offer utility in specific anatomical scenarios, they do not
universally outperform conventional wire-based strate-
gies and should not be considered the default escalation
approach.

Our findings, showing no statistically significant dif-
ferences in primary outcomes between the PW and AWE
strategies, are consistent with the results reported by Galassi
et al. [22], who demonstrated comparable long-term clinical
efficacy between wire-based ADR and conventional ante-
grade wiring techniques, despite higher lesion complexity
in the ADR group. The convergence of clinical outcomes
suggests a potential therapeutic equivalence among vari-
ous wire escalation strategies employed after initial failure,
reinforcing the need for prospective investigations utilizing
standardized intravascular imaging and adequately pow-
ered PW cohorts to refine the decision-making algorithm
in this high-risk subset of CTO patients [22].

The choice between wire-escalation and PW techniques
was largely dictated by procedural circumstances, with
longer occlusions being more prone to extra-plaque wir-
ing and thus more often managed by the PW approach,
particularly when the initial wire course was close to the
distal true lumen. Notably, the relative frequency of both
techniques in our cohort is consistent with the proportions
reported in major international registries.

In this context, our data contribute to the growing
body of evidence supporting individualized strategy se-
lection based on lesion morphology, operator experience,
and patient-specific risk factors. Although no statistically
significant difference in long-term clinical outcomes was
observed, procedural nuances and patient-related consid-
erations may guide tailored escalation strategy selection.
Given that chronic total occlusion represents one of the
most complex lesion subsets in interventional cardiology,
successful recanalization —despite its technical demands -
can enable complete myocardial revascularization, which
has been linked to improved long-term prognosis in appro-
priately selected patients [23, 24]. As the field continues to
evolve, further randomized trials are essential to delineate
optimal strategy selection and clarify the role of device-as-
sisted techniques within the antegrade escalation hierarchy.

Study limitation

This study has several important limitations that warrant
consideration. First, its retrospective and observational
design inherently introduces the risk of unmeasured con-
founding factors, which may have influenced the observed
outcomes. Additionally, the single-center nature of the in-
vestigation — conducted at a high-volume academic center
specializing in CTO interventions — may limit the gener-
alizability of the findings to other clinical settings with
differing operator expertise or procedural volume. The
choice of escalation strategy was determined by operator
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discretion rather than randomization, potentially introduc-
ing selection bias.

Furthermore, although intravascular imaging modali-
ties such as IVUS or OCT were utilized in select cases,
their use was not standardized across the cohort. This
limitation reduces the ability to systematically evaluate
procedural decision-making and lesion morphology. No-
tably, although the PW technique is considered a part of
true antegrade crossing (AW-O) according to the ARC-
CTO classification, the possibility of partial or complete
extra-plaque wire crossing cannot be excluded in the ab-
sence of systematic intravascular imaging, which was not
implemented in the present study [25].

Another important limitation lies in the relatively small
sample size, particularly within the PW group, which not
only reduces statistical power but also limits the robustness
of subgroup comparisons. Moreover, the sample sizes of

REFERENCES

1. Brilakis ES, Grantham JA, Rinfret S, Wyman RM, Burke MN,
Karmpaliotis D, et al. A percutaneous treatment algorithm for
crossing coronary chronic total occlusions. JACC Cardiovasc Interv.
2012;5(4):367-79. [DOI: 10.1016/j.jcin.2012.02.006]

[PMID: 22516392]

2. Galassi AR, Vadala G, Werner GS, Cosyns B, Sianos G, Hill J, et
al. Evaluation and management of patients with coronary
chronic total occlusions considered for revascularisation: a
clinical consensus statement of the European Association of
Percutaneous Cardiovascular Interventions (EAPCI) of the ESC,
the European Association of Cardiovascular Imaging (EACVI) of
the ESC, and the ESC Working Group on Cardiovascular Surgery.
Eurolntervention. 2024;20(3):e174-84.

[DOI: 10.4244/E1J-D-23-00749] [PMID: 38343372]

3. RinfretS, Joyal D, Spratt JC, Buller CE. Chronic total occlusion
percutaneous coronary intervention case selection and
techniques for the antegrade-only operator. Catheter Cardiovasc
Interv. 2015;85(3):408-15. [DOI: 10.1002/ccd.25611]

[PMID: 25044668]

4. Wu EB, Brilakis ES, Mashayekhi K, Tsuchikane E, Alaswad K, Araya
M, et al. Global Chronic Total Occlusion Crossing Algorithm.J Am
Coll Cardiol. 2021;78(8):840-53. [DOI: 10.1016/j,jacc.2021.05.055]
[PMID: 34412818]

5. DenbyK, Young L, Ellis S, Khatri J. Antegrade wire escalation in
chronic total occlusions: state of the art review. Cardiovasc Revasc
Med. 2023;55:88-95. [DOI: 10.1016/j.carrev.2023.06.011]

[PMID: 37353443]

6.  Vadala G, Galassi AR, Werner GS, Sianos G, Boudou N, Garbo
R, et al. Contemporary outcomes of chronic total occlusion
percutaneous coronary intervention in Europe: the ERCTO
registry. Eurolntervention. 2024;20(3):e185-97.

[DOI: 10.4244/E1J-D-23-00490] [PMID: 38343371]

7. Juricic SA, Tesic MB, Galassi AR, Petrovic ON, Dobric MR, Orlic DN,
et al. Randomized controlled comparison of optimal medical
therapy with percutaneous recanalization of chronic total
occlusion (COMET-CTO). Int Heart J. 2021;62(1):16-22.

[DOI: 10.1536/ihj.20-427] [PMID: 33518655]

8. Juricic SA, Stojkovic SM, Galassi AR, Stankovic GR, Orlic DN,
Vukcevic VD, et al. Long-term follow-up of patients with
chronic total coronary artery occlusion previously randomized
to treatment with optimal drug therapy or percutaneous
revascularization of chronic total occlusion (COMET-CTO). Front
Cardiovasc Med. 2023;9:1014664.

[DOI: 10.3389/fcvm.2022.1014664] [PMID: 36703060]

9. Kucukseymen S, lannaccone M, Grantham JA, Sapontis J, Juricic
S, Ciardetti N, et al. Association of successful percutaneous
revascularization of chronic total occlusions with quality of life.
JAMA Netw Open. 2023;6(7):e2324522.

[DOI: 10.1001/jamanetworkopen.2023.24522] [PMID: 37471086]

DOI: https://doi.org/10.2298/SARH250624073)

Jurici¢ S. et al.

the two comparison groups were not homogeneous (90
vs. 22), further impacting the reliability of comparative
analyses and the generalizability of the findings.

CONCLUSION

No statistically significant differences were observed in
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groups; the results suggest comparable clinical efficacy and
safety of both strategies in this complex subset of patients.

Further studies with standardized imaging guidance
and larger PW cohorts are warranted to better define the
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JyropoyHo npaherbe ynopegHuUX UCX0Aa TEXHUKE NapaNesIHUX XKULa U TEXHUKe
ecKanaumje aHTeporpagHe KULUe HaKoH HeyCnexXa MHULMjasIHeE KULE Y NEePKYTaHOj
peKaHanu3aLmju XPOHUUHNX TOTA/IHUX OKNY3Mja KOPOHAPHMX apTepHmja

CredaH Jypuunh', Munopag Tewnh'?, Munax Jobpuh??, Cphan AnekcaHguh'?, iBaHa JoBaHoBuh', JoBaHa Ctapuesuh?,
JoBaHa Knah*, 3natko Mexmepnberosuh'?, [lejaH Munawwnrosuh'?, lejan CumeyHoBuh'2, Mapko banosuh'?, Muogpar
[nknh', bpaHko Benecnun'?, Munan HeperbkoBuh?, Muogpar Octojuh?*>¢, Bnagumup Karbyx®, Ctmwa CrojkoBuh'?
'YHuBep3uTeTCKN KNMHMYKY LeHTap Cpbuje, KnuHuka 3a Kapguonorujy, beorpag, Cpbuja;

2YHueep3uTeT y beorpaay, MeanunHcku dakyntet, beorpag, Cpbuja;
SMHCTUTYT 3a KapAnoBackynapHe 6onectu, Jegnbe’, Beorpag, Cpbuja;

*YH1Bep3UTETCKM KNMHNYKKM LeHTap Cpbuje, YpreHTHU LieHTap, Oferbetbe 3a ypreHTHy Kapguonorujy, beorpag, Cpbuja;

*Cpncka akagemuja Hayka 1 ymetHocTi, beorpag, Cpbuja;

YHuBep3uTeT y baroj Nyun, MepnumHckn dakynter, barba Jlyka, Peny6aunka Cpnicka, BocHa 1 XepuerosuHa

CAMETAK

YBoa/Llnib HakoH Heycrnexa TeXHUKe jefHe XuLie y nepKyTa-
HOj KOPOHAPHO] NHTEPBEHLIMjW XPOHUYHWX TOTaNHWX OKNY3WKja,
Hajuellhe ce MpuMetbyjy ABe aHTEpPOrpagHe eckanaLyioHe cTpa-
Ternje: TeXHUKa napanenHyx Xuua 1 eckanauuja aHTeporpag-
HOM XuLioM (antegrade wire escalation — AWE). Viako cy lumpoko
KopuwwheHe, nogaLm Koju ynopehyjy npoLiefypHe Kapaktepu-
CTVKe 1 AYrOpOYHe KIIMHUYKE NCXOfE OBUX TEXHUKA U Aarbe Cy
OrpaHuyeHu.

Linms oBe cTypuje 6vo je pa ce ynopepe npouesypHu napave-
TPV 1 BYrOPOYHUN UCXOAN TEXHMKe NapanenHux xuua n AWE
HaKOH Heycrexa TeXHUKe jeiHe XuLie Y NepKyTaHOj KOPOHAPHOj
VHTEPBEHLIMjN XPOHUYHWUX TOTASTHWX OKJTy3uja.

MeTope JenHOLEHTPUYHA PETPOCMEKTBHA CTyAMja 00yxBaTina
je bonecHuKe Koju cy of jaHyapa 2018. go geuembpa 2023. nma-
NV yCneLHy nepKyTaHy KOPOHAPHY MHTEPBEHLIMjY XPOHUYHIX
TOTanHUx okny3uja kopuctehu AWE nnuv TexH1Ky napanenHux
XML HAKOH MHMLMjanHor Heycnexa. MprmapHu ucxopg 6uo je
KOMMO3WTHY — CpYaHa CMPT, MHGaPKT MOKapAa, MOXAaHN yaap
Unn peBackynapusaumja uubHor cyaa. CeKyHaapHM ncxoam
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obyxBaTtanu cy Tpajatbe npoLegype, Bpeme dpnayopockonuje,
KONIMUMHY KOHTpacTa 1 o3y 3payera. MefujaHa Tpajakba npa-
hetba 6onecHnKa n3Hocuna je 1222 faHa, ca IHTEPKBaPTUITHUM
oncerom og 580 go 1969 paHa.

Pesyntatm Op ykynHo 270 npouegaypa, y 112 (41,5%) npu-
MeheHa je jefHa oA HaBefeHUX TexHuka: 90 AWE, 22 texHuke
napanenHe xuue. OCHOBHe KapakTepucTuke bune cy cinyHe.
Kommno3utHu ncxop ce jasno kog 14,4% y rpynv napanenHux
xuua n 9,1% y AWE rpynu (p = 0,73). lNprmeHa KOHTpacTHOT
cpepcTBa je buna 3HauajHo Beha y AWE rpynu (p = 0,014), ok
ocTasne pasnvike HUCY Bune CTaTUCTUYKK 3HadajHe. ToKoM ne-
pvnpouegypanHor nepuopa npahera Huje 61No KNMHUYKNX
HUTU aHrorpadCKn 3HauYajHUX KOMMMKaLuja.

3akspyyak Obe TexHMKe NoKasyjy cnnyHy 6e36eaHocT n epu-
KacHOCT. TexHVKa NapanenHmx Xuua Hyau HewwTo Behy npolie-
JypanHy eprKacHoCT, anu cy noTpebHe Aarbe NPOCnekTMBHE
cTyAvje Aa 61 Aane KOHayaH oAroBop.

KrbyuHe peun: XxpoHMYHa TOTasHa OK/y3uja; NepKyTaHa Ko-
pOHapHa MHTePBEHLWja; aHTepOrpagHy MPUCTYM; ecKanayuja
XKULe; mapanenHa xuua
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SUMMARY

Introduction The King's Brief Interstitial Lung Disease (KBILD) is the first health status questionnaire de-
veloped for use in patients with interstitial lung diseases (ILD). There is no valid and reliable questionnaire
in Serbian to assess the health status of ILD patients. Progressive pulmonary fibrosis (PPF) and idiopathic
pulmonary fibrosis (IPF) are ILD diseases with a progressive course and poor prognoses, which have the
greatest impact on patients’ quality of life among all ILDs. The aim of the study is to validate the Serbian
version of the KBILD questionnaire for use in patients with PPF, including IPF.

Methods The KBILD was translated into Serbian language. A total of 35 patients with IPF or PPF com-
pleted a translated version of the KBILD questionnaire at the baseline, and 29 of them after one month.
Pulmonary lung function tests as well as St. George's Respiratory Questionnaire (SGRQ) were completed
at the baseline.

Results Internal consistency was high in the total, psychological, and breathlessness and activities do-
mains, and satisfactory for the chest symptoms domain. The test-retest reliability was good for psycho-
logical and breathlessness and activities domains and excellent for chest symptoms and total score. All
domains correlated strongly and very strongly with SGRQ, however, we found a weak correlation between
the KBILD and lung function, and with Charlson comorbidity index.

Conclusions The Serbian version of the KBILD is valid and reliable for use in patients diagnosed with

IPF/PPF.

Keywords: interstitial lung disease; idiopathic pulmonary fibrosis; questionnaire; quality of life

INTRODUCTION

More than 200 interstitial lung diseases (ILDs),
ranging from extremely rare to relatively com-
mon, have been identified. The majority of
ILDs are characterized by inflammation or
fibrosis within the interstitial space, leading to
impaired gas exchange, which manifests clini-
cally as dyspnea, reduced exercise capacity, and
impaired quality of life [1]. Progressive pulmo-
nary fibrosis (PPF) is a subgroup of ILD that is
characterized by more frequent exacerbations,
a faster decrease in lung function, and earlier
death compared to other interstitial illnesses
that do not show a progressive-fibrous pheno-
type [2]. Besides idiopathic pulmonary fibro-
sis (IPF) being an ideal example of progressive
fibrous ILD, other conditions can also mani-
fest similarly. These include connective tissue
diseases with pulmonary involvement (such as
rheumatoid arthritis, systemic sclerosis, poly-
myositis/dermatomyositis), hypersensitivity
pneumonitis, pneumoconiosis, sarcoidosis,

nonspecific interstitial pneumonia, interstitial
pneumonia with autoimmune features, unclas-
sified ILDs, and others [2]. PPF is occasionally
a consequence of viral pneumonia, as reported
in cases during the COVID-19 pandemic [3].
The chronic course of IPF/PPF affects the pa-
tients” quality of life (exertional dyspnea, need
for oxygen therapy, frequent hospitalizations
due to exacerbations, pulmonary controls, etc.).

In daily practice, questionnaires are used to
quantify patient complaints. Questionnaires
give patients the ability to take an active role
in their healthcare by allowing them to describe
symptoms and the impact those symptoms
have on their day-to-day lives. They provide
us with information regarding disease charac-
teristics that are important to a patient but can-
not be quantified using physiological tests like
lung function [4]. The questionnaires should be
administered regularly so that medical profes-
sionals can track the evolution of the condition
and change their treatment techniques accord-
ingly [5]. However, there is no valid and reliable
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questionnaire in the Serbian language to assess the health
status of ILD patients.

The King’s Brief Interstitial Lung Disease (KBILD) ques-
tionnaire is the first health status questionnaire designed
for use in patients with all ILDs. developed by Patel et al.
[6] from King’s College London in 2012. Since then, it has
been translated into various languages (German, French,
Italian, Swedish, Dutch, Portuguese, Chinese, etc.) and
used in 24 countries [7-10]. The questionnaire consists of
15 items that are categorized into three categories: breath-
lessness and activities, chest symptoms, and psychological
aspects. A seven-point Likert scale was used to conduct the
patients’ evaluation of the response to each inquiry. The
responses are summed up by the scoring algorithm, which
then converts them into a range of 0 to 100 for each of the
three domains and the total score. Higher scores indicate
a better overall health status [6]. The minimal clinically
important difference in the KBILD total score is a change
of five units [11].

In this paper, we aimed to develop the Serbian adapta-
tion of the KBILD questionnaire, and to verify the reli-
ability and validity of the Serbian adaptation of the KBILD
questionnaire for its application in patients with PPF, in-
cluding IPE. We also assessed the correlation between the
KBILD score and patients’ quality of life, comorbidities
and lung function.

METHODS

The study was conducted at the Institute for Pulmonary
Diseases of Vojvodina, Sremska Kamenica, Serbia from
October 2023 until March 2024. Every patient was ad-
ministered antifibrotic medication, either pirfenidone
or nintedanib. All patients completed a translated ver-
sion of the KBILD questionnaire at the beginning of the
study, and 29 of them also completed the questionnaire
after one month (the other six patients did not complete
the second KBILD questionnaire due to exacerbation of
the IPF/PPF). At the baseline pulmonary lung function
tests (PFT) were done using the Jaeger Master Screen
Body (CareFusion, San Diego, CA, USA) spirometer.
Measurements included forced vital capacity (FVC), forced
expiratory volume in one second (FEV1), total lung capac-
ity (TLC), and diffuse lung capacity (DLCO), expressed
as % of the predictive values according to the American
Thoracic Society / European Respiratory Society criteria
[12, 13]. Additionally, patients completed the St. George’s
Respiratory Questionnaire (SGRQ), a disease-specific
instrument originally developed for chronic obstructive
pulmonary disease and asthma, but also utilized for ILDs
due to the absence of a specific tool for these conditions
[14, 15]. Furthermore, the study documented basic so-
ciodemographic factors such as the patients’ sex, age, and
any existing comorbidities. The patients’ medical histories
and records were used to determine the presence of co-
morbid conditions.

The Charlson comorbidity index (CCI) is utilized as a
metric to quantify the burden of comorbidities, as it has
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been demonstrated to impact outcomes in patients with
ILD across multiple studies [16, 17]. The scoring system is
based on 19 comorbid conditions, such as cardiac diseases,
peripheral vascular diseases, cerebrovascular accident, de-
mentia, chronic obstructive lung disease, connective tissue
disease, peptic ulcer disease, liver disease, diabetes melli-
tus, chronic kidney disease, hematological and solid organ
malignancy, and acquired immunodeficiency syndrome.
Each condition is assigned a weight based on its potential
impact on mortality.

Subjects

The study included 35 adult patients. The inclusion criteria
included patients previously diagnosed with either IPF or
PPF according to current clinical practice guidelines [2],
and patients who were not hospitalized at the time of the
study due to IPF/PPF exacerbations.

The exclusion criteria included the unwillingness to
take part in the study, and the inability to complete the
questionnaire due to cognitive or linguistic limitations, ab-
sence of signed informed consent or patients unable to per-
form or have contraindications for performing spirometry.

Translation of KBILD into the Serbian language

Permission to translate and use KBILD in the Serbian
language was obtained from the developer. A multi-stage
forward-backward process was used to perform the trans-
lation of the KBILD questionnaire. First, it was indepen-
dently translated into the Serbian language by two different
clinicians respectively. There was a discussion with a third
doctor about the disagreements that occurred between
the two interpreters. The initial translation was then back-
translated by a competent multilingual translator who was
unaware of the questionnaire’s aim. The back-translated
version was then compared to the original KBILD ver-
sion by members of the research team. If there were any
misconceptions, the clinicians-translators discussed them.
The preliminary version of the translated questionnaire
was put through a pilot test on a group of patients consist-
ing of 10 patients with IPF who volunteered to answer the
Serbian version of the questionnaire during their regular
appointments. After completing the translated question-
naire, patients were interviewed by clinicians-translators
to clear up any questions or concerns they had regarding
the interpretation of the questions and the answers. The
complete translation process is shown schematically in
Figure 1.

The reliability and validity

Questionnaire reliability refers to the capacity of a ques-
tionnaire to accurately represent the actual value of the
assessed qualities. Validity refers to the level to which the
examined questionnaire properly evaluates its intended
purpose [17].

In our study, for reliability and validation, we tested
the following:
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STAGE 2.
Back-

STAGE 1.
Initial
translation by
three clinicians

translation by a
proffessional
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back-translated

and original K-
BILD

STAGE 4.

Pilot testing on
a group of 10
patients

STAGE 5.

First use of the
Serbian version
in a group of
35 patients

Figure 1. Stages of translating the questionnaire

1) internal consistency that measures the interrelated-
ness of items

2) test-retest reliability that measures repeatability of
KBILD scores at baseline and after one month

3) concurrent validity showing correlations between
KBILD scores and SGRQ scores, PFT.

Furthermore, we evaluated whether there are statistical
differences between different groups of patients according
to sex and smoking status.

Statistical analysis

Nominal level measurement data are described using fre-
quencies. Continuous data are described using the mean
and standard deviation or the median and interquartile
range as appropriate.

The reliability of internal consistency was examined us-
ing Cronbach’s a coefficient and Guttman's A . The criteria
are as follows: < 0.70 unacceptable, 0.70-0.83 satisfactory,
0.83-0.90 good, and > 0.90 excellent. Test-retest reliability
was examined using the intraclass correlation coefficient
(ICC3) and Bland-Altman’s plots. The interpretation of
ICC3 is as follows: < 0.50 is poor, 0.50-0.75 is moderate,
0.75-0.90 is good, and > 0.90 is excellent.

Concurrent validity was evaluated by measuring cor-
relations of KBILD to the SGRQ, PFTs, and CCI. The nor-
mality of the univariate distribution of items was tested us-
ing the Shapiro-Wilk test. Correlations between variables
were examined using Pearson’s correlation coefficient or
Spearman’s rank correlation coefficient.

Differences in the means of two groups for variables
with a normal distribution were examined using the inde-
pendent samples t-test. The assumption of equal variances
was checked using Levene’s test for equality of variances.
If the variances were unequal, the Welch’s t-test was used.
Differences between groups for variables that do not meet
the assumption of normal distribution were examined
using the non-parametric alternative to the independent
samples t-test, the Mann-Whitney test. The level of sta-
tistical significance was set at p < 0.05.

Ethics: Before the start of the study, approval was granted
by the Ethics Committee of the Institute for Pulmonary
Diseases of Vojvodina, Sremska Kamenica, Serbia (No.:
18-1/1).

DOI: https://doi.org/10.2298/SARH250402069M

RESULTS
Characteristics of patients

The study included 35 IPF/PPF patients, with their sex dis-
tribution, average age, smoking status, diagnosis, KBILD
and SGRQ results, average values of FVC% and DLCO%,
and CCI presented in Table 1.

The majority of patients within our cohort were elderly
women with moderately impaired lung function and two

Table 1. Characteristics of patients at baseline

Characteristics Value
Women n (%) 19 (54.29)
Men n (%) 16 (45.71)
Age, years = SD 62.94+109
Smoker (ex or current) n (%) 21 (60)
Non-smoker n (%) 14 (40)
IPF n (%) 24 (68.5)
SSc n (%) 5(14)

HP n (%) 4(11.5)
SLE n (%) 1(3)
NSIP n (%) 103)
FVC, % predicted + SD 74.74 +£ 20.57
DLCO, % predicted + SD 44,55 + 14.46
KBILD Total + SD 50.87 £ 13.05
KBILD Psychological + SD 52.06 + 16.54
KBILD Breathlessness and activities £ SD 35.89+22.72
KBILD Chest symptoms + SD 53.61+29.29
SGRQTotal = SD 49.33 +20.40
SGRQ symptoms + SD 47.04 £20.21
SGRQ activity + SD 65.11 +22.48
SGRQ impacts + SD 40.86 +22.71
CCl£SD 246 +1.38

IPF - idiopathic pulmonary fibrosis; SSc - systemic sclerosis; HP —
hypersensitive pneumonitis; SLE - systemic lupus erythematosus; NSIP

- nonspecific interstitial pneumonia; FVC - forced vital capacity; DLCO

- diffusing capacity of the lungs for carbon monoxide; KBILD - King's brief
interstitial lung disease; SD - standard deviation; SGRQ - St. George's
respiratory questionnaire; CCl - Charlson comorbidity index

Table 2. Internal consistency and test-retest reliability of the KBILD
questionnaire

KBILD Cronbach’s a | Guttman’s A6 | ICC3
Total 0.956 0.974 0.919
Psychological 0.939 0.942 0.884
Breathlessness and activities 0.913 0.897 0.879
Chest symptoms 0.794 0.782 0.910

KBILD - King's brief interstitial lung disease questionnaire; ICC3 - internal
consistency coefficient
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Table 3. Correlations between the KBILD and patients’ quality of life, lung function, and comorbidities

KBILD FVC% DLCO% FEV1% TLC% Stgfa (IQ syriGpTc?ms aSc?i\F/?y inif)ggts ccl

Psychological -0.086 0.193 0.111 0.062 -0.648** | -0.633** -0.512* -0.613* 0.120
Breathlessness and activity 0.110 0.212 0.083 0.220 -0.667** -0.544* -0.599* -0.637** 0.023
Chest symptoms -0.051 0.125 -0.032 0.015 -0.662** -0.653** -0.599* -0.602* -0.031
Total -0.088 0.225 0.073 0.102 -0.742** | -0.686** | -0.651** | -0.695** 0.053

In correlations for domains psychological, total, and Charlson comorbidity index (CCl), due to deviations from normal distribution, we used the Spearman
correlation coefficient, while for other parameters, we used the Pearson correlation coefficient;

KBILD - King's brief interstitial lung disease; FVC - forced vital capacity; DLCO - diffusing capacity of the lungs for carbon monoxide; FEV1 - forced expiratory
volume in one second; TLC - total lung capacity; SGRQ - St. George’s respiratory questionnaire;

*p < 0.05
*p < 0.01
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° tionnaire is the first disease-specific tool
in Serbian that measures health status in

5 IPF and other ILDs. Recently, the King’s

Sarcoidosis Questionnaire was validated

in the Serbian-speaking population. This

Total

represents a major advance in analyzing
the health status of patients with sarcoid-

osis, but cannot be used for other ILDs [18].
Most of our patients were elderly with

Differences
3
o
o
©
Differences
o

two or more comorbidities, a characteris-
o tic commonly observed in individuals with

IPF/PPE. In our study, the majority of pa-
tients were female, which differs from the
literature [19, 20, 21], with the assumption

Means Means

that the small sample size may account for
this. There were no significant issues ex-

Figure 2. Bland-Altman plots for all domains; “Means” represents the average of mea-
sures, while “Differences” shows the difference between the two paired measurements

or more comorbidities, mainly cardiovascular disease
(46%, 16/35). The mean (SD) KBILD Total score in all
patients was 50.87 (13.05).

Validation and reliability of the Serbian KBILD

Cronbach’s a was high in the total, psychological, and
breathlessness and activities domains, and satisfactory
for the chest symptoms domain. Guttman’s A, was close
to Cronbach’s a values in all domains. ICC3 were good for
psychological and breathlessness and activities domains,
and excellent for chest symptoms and total score (Table 2).

All domains of KBILD correlated strongly and very
strongly with SGRQ, however, we found a weak correlation
between the KBILD and lung function (FVC%, DLCO%,
FEV1%, and TLC%), as well with CCI (Table 3).

We examined whether there is a difference in KBILD
questionnaire results based on sex (males/females) and
smoking status (non-smokers/smokers), and found no
statistically significant correlation.
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perienced throughout the translation pro-
cess. The questionnaire was well received
by the patients, easily understandable, and
required little time for completion. In our
study, we demonstrated that the Serbian version of the
KBILD has good internal consistency for each domain and
total score, as well as good test-retest reliability. The mean
(SD) KBILD total score in our cohort was 50.87 (13.05),
which is similar to the original KBILD questionnaire [6],
as well as in the study of Wapenaar et al. [4] and Szentes et
al. [22]. Our patient group showed a reduced health-related
quality of life in all domains of KBILD, with breathless-
ness and activity domain being most impaired, followed
by psychological impact and chest symptoms, which is in
agreement with previous studies [4, 10, 22]. This gives sig-
nificant support to the fact that KBILD is applicable and
transferable on an international scale [22].

The correlation between KBILD and lung function
(DLCO%, FVC%, FEV1%, and TLC%) was weak. Previous
studies have indicated that the impact of FVC on quality
of life is only partial, whereas the DLCO is more closely
associated with the quality of life in patients with ILD [10,
14]. In the original KBILD questionnaire, the greatest cor-
relation was observed between breathlessness and activity
score with lung function tests [6]. In other studies, cor-
relations to FVC% and DLCO% were moderate to weak
[9, 10]. However, in a study by Wapenaar et al. [4], KBILD
showed a weak correlation with the results of pulmonary
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function tests. Further studies and the inclusion of a larger
patient cohort will yield a more definitive understanding
of the association between KBILD and pulmonary func-
tion tests, as well as the divergence between different ILD
diseases.

Questionnaires are used in various diseases to measure
patients” quality of life [23]. Only a few of them are validat-
ed and can be used in patients with IPF [A Tool to Assess
Quality of Life in IPF (ATAQ-IPF), Short-Form 36-Item
Questionnaire, and SGRQ-I- specific for IPF] while other
ILD diseases are generally not considered in the available
studies [24, 25, 26]. So far in our everyday clinical practice
with ILD patients, we used only SGRQ as well as two mea-
surements for dyspnea — the modified Medical Research
scale and Borg’s dyspnea scale. The KBILD questionnaire
is the first valid, self-completed measurement of the health
status of ILD patients and an additional tool to pulmo-
nary function tests in assessing a patient’s condition [6].
Concurrent validity of the KBILD domain and total scores
were strong compared with the SGRQ domain and total
scores (r = -0,742, p < 0.01), which is comparable to the
original version of the questionnaire [6], and to the study
by Wapenaar et al. [4]. It is shorter (15 questions) com-
pared to ATAQ-IPF (72 questions), SF-36 (36 questions),
and SGRQ-I (50 questions), making it easier for physicians
to use during regular visits.

The presence of comorbidities influences the patient’s
perception of their health status and can influence re-
sponses [16, 27]. In our research, most patients (97%)
had some of the most important comorbidities that could
influence their perception of quality of life. However, our
research did not find any association between the CCI and
the KBILD outcomes, which is similar to the results of the
Asian interstitial disease cohort [9], as well as the results of
Szentes et al. [22], in which only depression was negatively
associated with the “chest symptoms” domain. These could
be explained by the fact that in the process of creating the
original KBILD version, certain elements that could impact
one’s health condition, such as medications, cough, sleep,
and sexual health, were excluded, and the KBILD items
are specifically designed to evaluate the influence of lung
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Cpncka Bep3uja ynutHuka King’s Brief Interstitial Lung Disease v werosa Banumaaumja
mehy 6onecHmuymma ca nporpecusHom nayhHom ¢pubpo3om / ugmonatckom

nayhHom ¢pnbposom

Ana MuneHkosuh'?, Hencm Jlanuh'2, JoaH JaBopau'?, [lejaH »KuaHosuh>3, CeetnaHa Kawwwmkosuh Jleunh'?, Mupocnas

Wnuh'2, Page Munuh*?, Bnagumunp JectpoBuh®, Mapuja Bykoja'?
"MHcTuTyT 32 NnyhHe 6onectn BojsoguHe, Cpemcka Kamenuua, Cpbuja;

2YHneep3uTeT y HoBom Cagy, MeguumHckm dakyntet, Hosu Cap, Cpbuja;

3Akagemuja 3a xymaHu pa3Boj, beorpag, Cpbuja;

*BojHoMeaMLMHCKa akageMuja, KnuHiika 3a nynmonorujy, beorpag, Cpbuja;

YHnBep3uTeT ogbpaHe, MeguuuHckmn dakyntet, beorpag, Cpbuja;

®Brcoka MeANLMHCKA LIKOMA CTPYKOBHIX cTyauja,, MunytuH Munankosuh’, beorpag, Cpbuja

CAXKETAK

YBopg YnutHuk King’s Brief Interstitial Lung Disease (KBILD) npeu
je YNMUTHVK O KBannTETY XMBOTA pa3BujeH 3a 6onecHuKe ca
WHTEPCTULMjyMCKUM 6onecTma nnyha. He noctoju BanugaH
1 noy3faH YNUTHWUK O KBanuTeTy 34paB/ba Ha CPMCKOM
je3UKy HamemeH 6onecHULMa ca MHTEPCTULNjYMCKAM
6onectuma nnyha. MporpecusHa nnyhHa ¢ubpo3sa u
ngunonatcka nnyhHa ¢rbpo3sa cy nHTepcTULMjyMmcKe 6onecTu
nnyha ca nporpecrBHUM TOKOM 1 JIOLLIOM MPOrHO30M, Koje
UMajy HajBehu yTuuaj Ha KBanuTeT 3apaBiba Mehy cBum
VHTepcTuujymckmm 6onectma nnyha. Linsb oBe ctyauje 6uo
je da ce ypaau Banugaumja cprcke Bep3nje ynutHuka KBILD
Mehy 6onecHuLmMMa ca nporpecrBHoM niyhHom Gubposom,
yKibyuyjyhu ngnonatcky nnyhHy ¢rnbposy.

MeTtopae YnuTHuK KBILD npeBefeH je Ha CPNcKM je3unk. YKYNHo
35 6onecHuKa ca nporpecusHom nayhHom ¢pnbpo3om mnm
ngnonarckom nayhHom ¢pnbpo3om nonyHunu cy cprncky
BEP3ujy YNUTHMKA Ha MOYETKY, a 29 HIX Ha Kpajy NCTpaxmBatba.

doi:

Ha noueTky uctpaxuBamwa ypaheHu cy n TectoBu nnyhHe
byHKUVMje, Kao 1 nonyraBakbe yNuTHNKa 6onHuue ,CeeTr
hHophe” o pecnupatopHym Terobama.

Pe3yntatu /IHTepHa KOH3MCTEHLWja je O1na BUCOKa 3a YKYMHM
CKOP, MCMXONOLWKMN JOMEH, LOMEH HeflocTaTKa Ba3sfyxa 1
aKTUBHOCTY, @ 3a40BO/baBajyha 3a JOMEH O pecnpaTopHNM
cuMmnTomumma. TecT-peTecT Noy3faHocCT je 6una gobpa
3a MCUXONOLWKY JOMEH U AOMEH HeAoCTaTKa Basfyxa u
AKTMBHOCTW, N OA/IMYHA 33 [IOMEHE PECMIMPATOPHUX CYMITOMA U
YKynNHU ckop. CBM IOMEHM CHAXKHO KOpenvpajy ca pesyntatima
ynutHuKa 6onHuue ,Ceetn Hophe’, mehyTum Kopenauuja je
cnaba n3mehy pesyntata ynutHuka KBILD 1 TectoBa nnyhHe
byHKUMje, Kao 1 YapncoHoBor MHAEKCa KoMopomanTeTa.
3aksmyuak Cpncka Bep3uja ynutHuka KBILD je BanugHa
1 noy3paaHa 3a NpYMeHy Ko 60iecHMKa ca AMOMaTCKOM
nnyhHom ¢r6po3om v nporpecriBHoM ninyhHom Gubposom.
KrbyuHe peun: nHtepctulmjymcke 6onectu nnyha; ngronarcka
nnyhHa ¢prbpo3a; yNUTHWK; KBaIUTET XKMBOTA
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Long non-coding RNA signature in beta-thalassemia
major associated with prediabetes
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SUMMARY

Introduction/Objective Functional long non-coding RNAs (IncRNAs) and messenger RNAs (mRNAs)
were investigated in patients with beta-thalassemia major (-TM) and prediabetes by analyzing gene
chip expression profiles, experimental evidence and bioinformatics.

Methods Total RNA was extracted after taking blood samples from patients. Microarrays were sub-
sequently used for genetic analysis of patients with B-TM/prediabetes (n = 5) compared with healthy
individuals (n = 5). Candidate IncRNAs and mRNAs were randomly validated using quantitative real-time
reverse transcription polymerase chain reaction (QRT-PCR) analysis. Signaling associated with 3-TM was
identified as being associated with prediabetes based on Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) analysis.

Results Compared with the healthy controls, 1,511 and 1,932 IncRNAs were up- and downregulated,
respectively, whereas 1,128 and 752 mRNAs were up- and downregulated, respectively, in the patients
with 3-TM/prediabetes. Eight dysregulated IncRNA expressions were confirmed using qRT-PCR analysis,
which was consistent with the microarray results. The GO and KEGG analyses showed that the intracellular
anatomical structure and multicellular organismal process were the most significantly dysregulated, and
the most significantly up- and downregulated pathways were herpes simplex virus type 1 infection and
vascular smooth muscle contraction, respectively.

Conclusion This study preliminarily determined that the pathophysiology of aberrant glucose homeo-
stasis in 3-TM may be linked to the abnormal expression of IncRNAs and mRNAs, deepening the under-
standing of molecular mechanisms in 3-TM complicated by prediabetes.

Keywords: microarray analysis; long non-coding RNAs; beta-thalassemia major; mRNA; prediabetes

INTRODUCTION

Beta-thalassemia (B-TM) is an autosomal re-
cessive hemolytic anemia disorder caused by
genetic defects in the regulation of p-globin,
leading to impaired P-globin peptide chain
synthesis, which in turn causes hemolysis and
ineffective hematopoiesis [1]. Patients require
regular blood transfusions to sustain life [2, 3].
The extended extravascular hemolysis caused
by B-TM enhances the intestinal absorption of
iron; however, long-term massive blood trans-
fusions can result in iron overload, leading to
insulin resistance, increasing hepatic glucose
production and reducing insulin secretion, ul-
timately causing abnormal glucose metabolism
[4, 5]. Recent studies have revealed that long
non-coding RNAs (IncRNAs) can mediate iron
metabolism and oxidative stress pathways rel-
evant to diabetes. For example, IncRNAs regulate
ferroptosis-mediated p-cell injury and complica-
tions of diabetes via modulation of reactive oxy-
gen species, Nrf2 and NF-«kB signaling pathways.
Moreover, several IncRNAs, including MEGS3,
HI19, MALAT] and GAS5, have been implicated
in insulin resistance and dysregulated glucose or
lipid metabolism in metabolic disease contexts.
These observations suggest that IncRNAs may

have disease-relevant functions in patients with
B-TM, potentially linking iron overload, oxida-
tive stress and metabolic dysregulation.
Prediabetes has been identified as a condi-
tion lying between normal glycometabolism
and diabetes mellitus (DM) [6]. Prediabetes
represents a high-risk state for the develop-
ment of diabetes, with an annual conversion
rate of 5-10% [7]. Although prediabetes does
not meet the diagnostic criteria for diabetes,
it is strongly associated with multiple diseases
as well as an elevated risk of patient death [8,
9, 10]. A meta-analysis indicated that the in-
cidence of impaired glucose tolerance (IGT),
impaired fasting glycaemia (IFG) and DM in
patients with p-TM was 17.21%, 12.46%, and
6.54%, respectively [11]. However, abnormal
glucose metabolism in patients with B-TM
usually has an insidious onset, and effective
biomarkers and diagnostic methods to detect
glucose metabolism disorders are lacking [11].
Among gene transcripts, only about 10-20%
of transcripts are messenger RNAs (mRNAs)
responsible for encoding proteins, whereas
80-90% are non-coding RNAs, including miR-
NAs and IncRNAs [12, 13]. IncRNAs consist of
over 200 bases and lack protein-coding capac-
ity but play key roles in a variety of biological
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Table 1. Clinical characteristics of B-TM patients with prediabetes and healthy controls

processes [12, 13]. Because IncRNAs are stably present in
peripheral blood, they are considered potential diagnos-
tic markers [14]. Studies have shown that diabetes and its
associated symptoms are closely related to IncRNAs and
mRNAs in the peripheral circulation. In addition, IncRNAs
have critical roles in regulating pancreatic p-cell func-
tion, glucose metabolism and insulin resistance [15, 16].
Recently, genome-wide analyses of pseudogenes have dem-
onstrated the human-specific essentiality of the IncRNA
hemoglobin subunit beta pseudogene 1 in erythropoiesis
and its implications in B-TM [17].

However, the role of IncRNAs and mRNAs in the mo-
lecular mechanism of B-TM associated with prediabetes
remains elusive. By analyzing IncRNA compared with
mRNA expression profiles in patients with -TM and pre-
diabetes, potential diagnostic and therapeutic targets may
be revealed. In this study, we used microarray technology
to detect differentially expressed transcripts in peripheral
blood of these patients to explore their potential role in the
pathogenesis of prediabetes in patients with 3-TM.

METHODS
Patient information

This study was conducted in Hainan Provincial People’s
Hospital between January and December 2021 and includ-
ed a total of five patients with f-TM and prediabetes and
five healthy controls. All participants signed an informed
consent form before the start of the study. The diagnosis
of B-TM was based on hemoglobin electrophoresis and
genetic analysis, and the diagnosis of prediabetes was based
on the American Diabetes Association 2021 guidelines [18]
for determining IFG and IGT through the oral glucose tol-
erance test (OGTT). The inclusion criterion for the healthy
controls was the absence of major disease. The clinical and
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demographic characteristics of the study participants are
detailed in Table 1.

Sample collection

On the day prior to blood collection, the participants were
instructed to fast from 8 PM until the completion of blood
collection the following day. Blood draws were scheduled
for the following morning to ensure that the participants
had fasted for more than eight hours. The median vein
or cephalic vein at each participant’s elbow was selected
as the blood sampling site. The blood collection site was
disinfected with a sterile cotton ball with a diameter of ap-
proximately 5 cm, starting at the puncture site and moving
outwards in concentric circles; the disinfectant was then
left to dry naturally. A lancet was inserted into the vein,
ensuring that the needle was completely inside the ves-
sel, and an ethylenediaminetetraacetic acid anticoagulant
tube was then inserted into the other end of the lancet
once blood return was observed. Subsequently, 5 mL of
peripheral blood was collected, taking care to avoid blood
spillage or bubble generation to ensure smooth blood col-
lection. Following blood collection, the tourniquet was
released, gauze was pressed gently onto the site, the lancet
was withdrawn and the gauze was fixed with tape to pre-
vent bleeding. The collected blood samples were sent to a
laboratory for the following tests: ferritin, fasting plasma
glucose, fasting insulin and fasting C-peptide levels. In
addition, participants were scheduled for an OGTT, and
peripheral blood was collected again two hours after glu-
cose administration to determine two-hour blood glucose
levels to complete the OGTT assessment.

RNA extraction

For RNA extraction from blood samples, the blood sam-
ples were first treated with TRIzol™ Reagent (Catalogue
No. 15596026, Thermo Fisher Scientific,
Delaware, DE, USA), mixed thoroughly at a
ratio of 5 mL TRIzol™ per 1 mL of blood and

Variables ore diaBt;Zt,\ger(n _s5) Healt(';yzc‘;;mds p left for five minutes to facilitate separation of
Age (years) 106417 214 078 nucleic acid-protein complexes. Chloroform
Sex (male/female) 3 23 065" was subsequently added, and the mixture was
Time of blood transfusion (months) 92+57 0 (NA) <0.001* shaken vigorously and centrifuged to sepa-
Ferritin (ng/ml) 7,377.6+1,021.5 1469+638 | <0001 | rate the RNA phase from the upper layer. An
BMI 153417 20409 0.002* equal volume of isopropanol was then added,
Liver MRIT2 (ms)* 164+0.14 - <0.001% allowed to stand at room temperature and
ALT (U/L) 723+ 46.22 12.04+ 411 000286+ | centrifuged to pellet the RNA. The pellet was
Fasting glucose (mmol/l) 6.8+048 448+049 | 000555+ | Wwashed with 75% ethanol, and finally, RNA
Two-hour plasma glucose (mmol/l) | 9.04+0.79 504+06 | 000901% |  Wwas solubilized with RNase-free water. Next,
Fasting insulin (pmol/L) 66.23 % 5.0 559844 | 000234* | RNA was further purified using RNeasy Mini
Fasting C-peptide (nmol/l) 0.82+0.17 0.67 +0.24 0.0117 Kit (74104, Qiagen, Hilden, Germany).
HOMA-IRI 2.72+£03 1.58+0.16 0.00756*

HOMA-ISI 0.62 (0.58-0.68) 0.51(0.48-0.7) | 0.0157* Microarray analysis

HOMA-BFI 75.76 £ 14.14 183.84+92.52 | 0.00258*

HOMA-SC 28.74(26.02-31.39) | 35.85 (27.13-37.35)| 0.0157* |  Microarray experiments were performed by

BMI - body mass index; HOMA-IRI - insulin resistance index; HOMA-ISI - insulin sensitivity index;

HOMA-BFI - B-cell function index; HOMA-SC - secretory capacity;
notes: data presented as mean + SD or median (interquartile range);
*p < 0.05 (significant differences)
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Kangchen Biotechnology (Biotechnology
Co., Ltd., Shanghai, China). Microarray hy-
bridizations were performed according to the
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standard protocols of Agilent Technologies
Co., Ltd. (Santa Clara, CA, USA). The extract-

(A) IncRNA

(E) IncRNA (F) mRNA

(B) mRNA

ed RNA was first purified and subsequently
transcribed into fluorescently labelled cRNA,
and complementary DNA hybridization was
performed on microarray chips. Following the
completion of hybridization, the chips were
scanned using an Agilent microarray scanner
to obtain raw image data. Agilent feature ex-

(D) mRNA

traction software (version 11.0.1.1) (Agilent
Technologies Co., Ltd.) was used for data ex-
traction and preprocessing. This software can
automatically read and process up to 100 raw
image files to complete the determination of
feature strength and ratio. Subsequently, ex-
pression data were normalized using quantile

|

cod Intensity Valves.

FTITT

;HIHHHH W

i

11

samples sangles

normalization with Agilent software and a ro-
bust multi-chip averaging technique.

Figure 1. The characteristics of long non-coding RNA (IncRNA) and messenger RNA (mRNA)
differential expression and volcano plot and hierarchical clustering of differentially expressed
transcripts; a scatter plot shows the differences between IncRNA (A) and mRNA (B) expression

in patients with -thalassemia major with prediabetes (y-axis, group-test) versus healthy

Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes
(KEGG) analyses

controls (x-axis, group-control); red and green represent > 2-fold, p < 0.05; the box plots show
the IncRNA (C) and mRNA (D) expression levels of each individual sample; (E) volcano plot
of differentially expressed long non-coding RNAs (IncRNAs); (F) volcano plot of differentially
expressed mMRNAs; (G) Hierarchical clustering of IncRNA profiles in patients with B-thalassemia

major (3-TM) with prediabetes compared with healthy controls (> 2-fold, p < 0.05); (H) hier-

GO analysis was used to assess gene enrich-
ment, implemented using the enrich GO
function to screen significantly enriched GO
terms (set p or corrected p < 0.05). Subsequently, KEGG
analysis was used to explore the involvement of these genes
in specific biological pathways, and pathway enrichment
analysis was completed with the help of the enrich KEGG
function to select significant metabolic or signaling path-
ways (threshold at p or corrected p < 0.05). Finally, the GO
and KEGG analysis results were combined to reveal the
potential biological significance of differentially expressed
genes at the cellular function and pathway level.

Reverse transcription polymerase chain reaction

In this study, RNA samples were reverse transcribed using
the PrimeScript RT kit and gDNA eraser (Takara Bio Inc.,
Kusatsu, Shiga, Japan) to remove genomic DNA contami-
nation and synthesize complementary DNA. Subsequently,
quantitative real-time reverse transcription chain reaction
(qRT-PCR) was performed using the CFX96 Real-Time
PCR Detection System (Bio-Rad, Hercules, CA, USA)
and SYBR™ Green PCR kit (Takara Bio Inc.) to detect
the expression levels of target genes. All qRT-PCR data
were quantitatively analyzed using the 2-*“" method. The
primer sequences are presented in Supplementary Table 1.

Statistical analysis

For data analysis, SPSS Statistics for Windows version 25.0
software (IBM Corp., Armonk, NY, USA) was used. The
normality of continuous variable data was assessed using
the Shapiro-Wilk test, the data were presented as mean
+ standard deviation and the t-test was used to compare
differences between groups; non-normally distributed data
were presented as interquartile ranges and analyzed using
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the Mann-Whitney U test for non-differences. In all statis-
tical tests, p < 0.05 was considered statistically significant.

Ethics: The Helsinki Declaration was followed in the con-
duct of this investigation. Hainan General Hospital’s Ethics
Committee gave its approval for this research to be con-
ducted (Approval number: No. 2021-239). All participants
gave their permission in writing after being fully informed
of the study protocols.

RESULTS
Profile changes of long non-coding RNAs

A total of 26,035 IncRNAs were identified in the IncRNA
expression profiles of both the control samples and the
samples of B-TM with prediabetes. These were then as-
sessed via a microarray analysis (Figure 1A and C). A total
of 3,443 differentially expressed IncRNAs were identified
using the criteria of p < 0.05 and [log2FC]| > 2.0, includ-
ing 1,511 upregulated and 1,932 downregulated IncRNAs
(Figure 1E-H). The 20 IncRNAs with the most significant
changes are recorded in Table 2. Among them, the most
significant upregulation was in ENST00000496629, which
had a fold change (FC) of 82.1860551, whereas the most
significant downregulation was in ENST00000581274,
which had an FC of 170.1365176. In addition, the taxo-
nomic distribution of dysregulated IncRNAs was sum-
marized. Among the deregulated IncRNAs, there were a
total of 1,799 intergenic IncRNAs, 980 antisense IncRNAs,
409 intronic IncRNAs and 255 bidirectional IncRNAs
(Supplementary Figure 1).

www.srpskiarhiv.rs ‘

archical clustering of mRNA profiles in patients with 3-TM with prediabetes compared with
healthy controls (= 2-fold, p < 0.05)
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Table 2. The 20 most differentially expressed IncRNAs in patients with 3-TM with prediabetes relative to matched controls

Liang H. and Luo J-M.

Figure 2. The expression of selected IncRNAs; the expression level detected
by qRT-PCR showed that the expression level of IncRNAs ENST00000449551,
ENST00000581274, ENST00000437035, and ENST00000556546 was sig-
nificantly lower and that of IncRNAs ENST00000607613, ENST00000431759,
ENST00000564152, and ENST00000611877 was significantly higher in patients
with 3-TM with prediabetes compared with the controls (*p < 0.05); the gRT-PCR
analysis was similar in most respects to the IncRNA microarray analysis

Changes in the mRNA profile in patients with
beta-thalassemia/prediabetes

In this study, we examined mRNA expression patterns in
patients with B-TM/prediabetes using microarray analysis.
Compared with healthy individuals, the results revealed
17,044 mRNAs (Figure 1B and D), and 1,880 differen-
tially expressed mRNAs were identified using the criteria
of p < 0.05 and |log2FC| > 2.0. In the patients with p-TM
and prediabetes, 1,128 mRNAs were upregulated and 752
were downregulated (Figure 1F and 2H). The 20 most
dramatically changing mRNAs are presented in Table 3.
The most substantially upregulated and downregulated
mRNAs were GDF15 (FC = 100.2322219) and GUCA2B
(FC = 143.9714162), respectively.

‘ DOI: https://doi.org/10.2298/SARH250423076L

IncRNA ID p discci?elif/ — Fold change | Regulation | Chromosome | Strand Relationship Database
ENST00000496629 | 0.003526083 | 0.032526596 | 82.1860551 up chr8 - bidirectional GENCODE
ENST00000431759 | 0.000454682 | 0.010781106 | 37.6048365 up chri + natural antisense GENCODE
ENST00000583516 | 0.000556435 | 0.012007394 | 29.3773871 up chr3 - intronic antisense GENCODE
ENST00000582591 | 0.000794281 | 0.014552508 | 20.1327846 up chr18 + natural antisense GENCODE
T144753 9.72507E-05 | 0.004628744 | 19.1867411 up chr17 - natural antisense | RNA-seq: lyer et al 2015
HBMT00001229624 | 0.001197038 | 0.018044649 | 19.0708748 up chr6 + intergenic FANTOMS5CAT
T092137 0.005372424 | 0.041556365 | 18.7283573 up chr13 + natural antisense | RNA-seq: lyer et al 2015
ENST00000495240 | 0.007330467 | 0.049419663 | 18.2757294 up chr21 - bidirectional GENCODE
ENCT00000417654 | 8.05354E-05 | 0.004137151 | 17.5584774 up chr7 - intergenic FANTOMS5CAT
ENST00000523831 | 0.002313282 | 0.025628209 | 16.9052281 up chr8 + intergenic GENCODE
ENST00000581274 | 0.000623989 | 0.012711699 | 170.1365176 down chr18 - intergenic GENCODE
T048514 9.98219E-05 | 0.004660449 | 76.2685338 down chr10 - intergenic RNA-seq: lyer et al 2015
ENST00000421375 | 1.35499E-05 | 0.001367337 | 75.6516897 down chr3 - intergenic GENCODE
ENST00000556546 | 1.72633E-05 | 0.001558422 | 68.9262261 down chr14 - intergenic GENCODE
ENST00000608466 | 0.000131548 | 0.005419482 | 63.0881264 down chr5 bidirectional GENCODE
ENCT00000192781 | 4.96226E-05 | 0.002997505 | 61.6649287 down chr18 + intergenic FANTOMS5CAT
ENST00000586947 | 1.57655E-05 | 0.001487151 | 58.2341391 down chr18 + intergenic GENCODE
ENST00000495493 | 3.16861E-06 | 0.000598221 | 54.343005 | down chr1 - 23:2;;;?:@; GENCODE
AK024231 0.000182406 | 0.00656838 | 52.8044804 down chr17 + intergenic NRED
ENST00000511474 | 0.000135322 | 0.005506699 | 52.6697045 down chr5 + intergenic GENCODE

S Validation of dysregulated long non-coding RNAs

by quantitative real-time reverse transcription

. polymerase chain reaction
g . To further confirm the accuracy of the microarray re-
3 . sults, we randomly selected eight dysregulated IncRNAs
— . for validation using qRT-PCR. The qRT-PCR results were
i ‘ consistent with the microarray result trends (Figure 2).
i : Among the validated transcripts, ENST00000496629 and
s I I ) ) ) , AC090912.2 (IncRNAs) and GDF15 (mRNA) exhibited the

° \3. q. 1. ‘. —\. _,. —5. _,». most pronounced expression changes. These molecules

s o 5 o e o E o . . )
& & T were therefore considered the most biologically relevant

candidates for subsequent functional interpretation.
GO and KEGG analyses

To further explore the function of IncRNAs with sub-
stantial changes, we performed GO and KEGG analyses.
The GO analysis results showed that upregulated mRNAs
were involved in 985 terms and 275 terms were enriched in
downregulated mRNAs. Compared with the healthy group,
significantly changed upregulated IncRNA functions were
mainly concentrated in unfolded protein binding, intra-
cellular anatomy and cellular macromolecular metabolic
processes, whereas downregulated IncRNA functions were
mainly concentrated in neuropeptide receptor binding, cell
periphery and multicellular organismal processes (Figure
3A and B).

The KEGG analysis showed that a total of 31 path-
ways were upregulated, with the herpes simplex virus 1
(HSV-1) infection pathway being the most significantly
enriched. Among the 17 downregulated pathways, the
vascular smooth muscle contraction pathway was the
most significantly enriched (Figure 3C and D). Beyond
listing enriched pathways, these findings warrant biological
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infection and vascular smooth muscle con-
traction pathways has not been previously
reported in f-TM or B-TM-associated
dysglycemia. Iron overload in B-TM can
induce immune dysregulation, and the
HSV-1 infection pathway involves immune-
modulatory signaling; our preliminary un-
published data indicate elevated circulating
IL-1B, IL-6, IL-8, IL-10 and TNF-a levels in
B-TM with prediabetes, suggesting possible
immune activation through this pathway.
Similarly, vascular smooth muscle contrac-
tion is relevant to endothelial dysfunction, a
hallmark of diabetes-related vascular injury.
Whether iron overload in f-TM drives vas-
cular damage through this pathway remains
unknown and warrants further mechanistic
investigations. These novel pathway associa-
tions provide exploratory targets for future
research into the biological mechanisms
linking B-TM to early glucose metabolism
impairment.
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,

\
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Figure 3. Gene ontology enrichment and genomes pathway analysis of differentially

expressed mRNAs

Intronic = Bidirectional

® |ntergenic ® Antisense

Supplementary Figure 1. Distribution of dysregulated IncRNAs

interpretation. Several KEGG pathways enriched in dif-
ferentially expressed genes are closely related to abnor-
mal glucose metabolism, including protein processing
in the endoplasmic reticulum (hsa04141), the cell cycle
(hsa04110), autophagy (hsa04140), the NOD-like recep-
tor signaling pathway (hsa04621), the interleukin (IL)-17
signaling pathway (hsa04657), cortisol synthesis and se-
cretion (hsa04927) and pancreatic secretion (hsa04972).
Likewise, GO terms such as positive regulation of insulin
secretion (GO:0032024), the glucose metabolic process
(G0O:0006006), negative regulation of gluconeogenesis
(GO:0045721) and positive regulation of the endothelial
cell apoptotic process (GO:2000353) have direct implica-
tions for glucose homeostasis and diabetes-related vas-
cular complications. Notably, enrichment in the HSV-1
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DISCUSSION

Beta-thalassemia is an autosomal recessive inherited disor-
der characterized by reduced or complete loss of -globin
chain production. At present, the molecular pathogenesis
between f-TM and prediabetes has not been clarified. To
explore the relationship between the two, it is important
to detect IncRNA and mRNA expression in patients with
B-TM to reveal the etiology and pathophysiology of 3-TM
complicated with prediabetes. Previously, Fakhr-Eldee et al.
[19] found that IncRNAs, MALAT1, MIAT and ANRIL may
be closely related to the pathogenesis of p-TM and are ex-
pected to be novel molecular biomarkers of B-TM. On this
basis, this study is the first to analyze IncRNA and mRNA
expression profiles in patients with f-TM complicated
with prediabetes using microarray technology. The analy-
sis results showed that differentially expressed IncRNAs
may play a key role in the pathogenesis of 3-TM, and this
conclusion is basically consistent with the results of previ-
ous studies. Notably, ENST00000496629 and AC090912.2
(IncRNAs) together with GDF15 (mRNA) were identified
as the most significantly dysregulated transcripts in our
study. Moreover, ENST00000496629, which has not been
previously reported in f-TM or glucose metabolism, may
represent a novel regulatory molecule linking iron over-
load to metabolic dysregulation. In addition, AC090912.2,
although poorly characterized, exhibited marked down-
regulation and may be involved in pathways affecting glu-
cose homeostasis, and GDF15, a stress-responsive cytokine
elevated in various metabolic and cardiovascular disorders,
is known to influence insulin sensitivity and B-cell function
[20, 21]. These findings suggest that these three molecules
could be promising candidates for further mechanistic stud-
ies and potential biomarkers for early detection of glucose
metabolism impairment in B-TM.

www.srpskiarhiv.rs ‘
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Table 3. The 20 most differentially expressed mRNAs in patients with -TM with prediabetes

relative to matched controls

Liang H. and Luo J-M.

[15]; moreover, MALAT1 expression was
significantly reduced in serum samples or

To our knowledge, this is the first study to comprehen-
sively profile IncRNA and mRNA expression specifically
in patients with B-TM and prediabetes, as distinct from
B-TM without abnormal glucose metabolism or from
diabetes alone. Previous transcriptomic or non-coding
RNA studies of -TM have primarily focused on eryth-
ropoiesis-related pathways, iron metabolism or diabetic
complications individually [22]. Our results identify sev-
eral IncRNAs (e.g. ENST00000496629, AC090912.2) and
mRNAs (e.g. GDF15, GUCA2B) that have not been previ-
ously associated with B-TM or prediabetes in the existing
literature. These molecules reveal potential mechanistic
links between iron overload characteristic of f-TM, oxi-
dative stress and early-stage glucose dysregulation. The
co-enrichment of HSV-1 infection pathways and vascular
smooth muscle contraction among differentially expressed
transcripts also extends current understanding by impli-
cating immune modulation and vascular responses much
earlier in glucose metabolism impairment in 3-TM than
previously recognized. This suggests that gene regulation
in B-TM-associated prediabetes may share overlapping
inflammatory and endothelial dysfunction components
with, but also diverging from, established type 2 diabetes
pathogenesis.

Diabetes and its associated complications are closely
associated with IncRNAs in the peripheral circulation.
Studies have shown that specific IncRNAs play a key role
in the occurrence, development and complications of dia-
betes. For example, MALAT1 showed expression changes
associated with insulin resistance in patients with type 2 di-
abetes, and its expression levels may be affected by resistin
and homeostasis model assessment (HOMA-IR) measures

‘ DOI: https://doi.org/10.2298/SARH250423076L

el , exosomes from patients with type 2 dia-
Gene symbol p dls::t\;ery Fold change | Regulation | Chromosome betes [23]. In addition, IncRNA CASC2 is
GDF15 2.26375E-05 | 0.002411457 | 100.2322219|  up chri19 significantly downregulated in blood and
HBG1 0.000236675 | 0.008984146 | 37.5558847 up chr kidney tissues of patients with diabetic
TMEM269 0.005760896 | 0.048273699 | 26.6075395 up chri chronic renal failure, suggesting that it
ST8SIAS 0.004899657 | 0.045003731 | 21.4706818 up chr18 may be associated with the pathological
PAQR9 0.001958959 | 0.028087005 | 19.8210477 up chr3 process of diabetic nephropathy [16]. In
TOMM5 0.002893375 | 0.034055763 | 18.4003285 up chr9 the present study, significant changes in
ACSM3 0.001112436 | 0.020491209 | 14.4928213 up chr16 IncRNA expression profiles in prediabe-
BBS12 0.002714217 | 0.032809297 | 14.4565088 up chr4 tes compared with peripheral circulation
SFRP2 0.010723854 | 0.067903233 | 12.6215505 up chr4 were further revealed. A large number of
IFI44L 0.000374268 | 0.011411502 | 12.1742708 up chr significantly up- and downregulated In-
GUCA2B 0.000243604 | 0.009222062 | 143.9714162 | down chr cRNAs were identified, with FGFRI and
B3GALNT2 2.82567E-05 | 0.002715737 | 86.152204 down chr AC090912.2 being the most significantly
TOX2 0.000854932 | 0.017757699 | 62.2958244 |  down chr20 up- and downregulated. In another study,
FBXL13 0.000314764 | 0.010403005 | 54.406973 down chrz FGFRI was demonstrated to be associ-
OR10G4 2.96323E-06 | 0.000742725 | 39.4923179 | down chr11 ated with diabetes and metabolic diseases,
NAA80 2.12895E-07 | 0.000229889 | 33.3880965 | down chr3 but the relationship between AC090912.2
CLUH 1.51667E-06 | 0.000470002 | 32.7656707 | down chr17 and diabetes remains to be further inves-
PCDHA9 5.28901E-05 | 0.00411625 | 29.1615088 | down chrs tigated [24].
BCAP31 6.76081E-07 | 0.000338915 | 28.6257891 | down chrX Located on human chromosome
CATG00000107414.1 | 0.01698672 | 0.088837575 | 25.8281041 | down chr9 14q32.3 within the imprinted DLK1-

MEG3 locus, MEG3 is a non-coding tran-

script with p-cell-specific expression in

the islets of individuals without diabetes;
however, its expression is reduced in the pancreatic islets
of patients with type 2 DM. The imprinted DLK1-MEG3
region on chromosome 14q32.2 has also been shown to
alter susceptibility to type 1 diabetes. In vivo and in vitro
studies in mice have demonstrated that MEG3 expression
is enriched in pancreatic islets compared with exocrine
tissue in Balb/c mice and is downregulated in the islets of
both type 1 and type 2 diabetic mouse models. In MIN6
cells and isolated mouse islets, MEG3 expression is primar-
ily regulated by glucose levels. Inhibition of MEG3 expres-
sion in vitro impairs insulin synthesis and secretion and
increases 3-cell apoptosis. Furthermore, in vivo knockout
of MEG3 leads to glucose intolerance, reduced insulin se-
cretion and decreased mRNA as well as the protein levels
of Pdx-1 and MafA [25].

A conserved IncRNA located at chr19:5795689-
5802671, MALATI shows aberrant expression in diabetic
retinopathy. Transcription factors play a critical role in
regulating cellular processes and signal transduction in re-
sponse to external stimuli. Analysis using TRANScription
FACtor database predicts transcription factor binding sites
within the MALATI sequence, indicating potential interac-
tion with NF-«B as a cis-acting element. Hyperglycemia
induces MALAT1 upregulation in retinal endothelial cells
and in the retinas of rats with diabetes. Silencing MALAT1
expression markedly attenuates diabetes-induced retinal
neovascularization, vascular leakage and retinal inflamma-
tion. In vitro genetic knockout of MALAT1 affects key en-
dothelial cell functions, including proliferation, migration
and tube formation. Collectively, these findings suggest
that MALAT1 may mitigate hyperglycemia-induced retinal
degeneration and improve retinal function, highlighting its
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broader role in the microvascular complications of diabe-
tes. These dysregulated IncRNAs may influence the patho-
physiology of diabetes and its complications by regulating
gene expression or participating in signaling pathways.
In addition, mRNA expression profiling has revealed sig-
nificant gene expression changes in patients with predia-
betes, with GDF15 and GUCA2B being the most signifi-
cantly upregulated and downregulated mRNAs [26, 27].
Moreover, GDF15 expression is increased in diabetes and
cardiovascular disease and is considered a potential thera-
peutic target and prognostic indicator, whereas GUCA2B
is involved in lipid metabolism and shows protective ef-
fects in obesity-associated nonalcoholic fatty liver disease,
with increases in its levels associated with improved liver
injury [28]. In summary, IncRNA and mRNA expression
changes in the peripheral circulation are closely related
to the pathophysiological mechanisms of diabetes and its
complications, and these molecules may serve as potential
biomarkers or therapeutic targets to provide new directions
for the early diagnosis and intervention of diabetes.

In patients with B-TM, diabetes and its complica-
tions substantially contribute to increased mortality.
Understanding the molecular mechanisms driven by hy-
perglycemia and its related complications is therefore
essential for improving clinical strategies and exploring
novel therapeutic targets. In recent years, the functional
roles of IncRNAs in diabetes and diabetic complications
have been increasingly recognized. Notably, a considerable
proportion of single nucleotide polymorphisms associated
with type 1 and type 2 diabetes are located within IncRNA
regions, suggesting their potential involvement in disease
pathogenesis. The pancreas senses blood glucose levels
and, through pancreatic {3 cells, secretes insulin to stimu-
late glucose uptake by peripheral tissues. In type 2 diabetes,
hyperglycemia results from {-cell dysfunction combined
with insulin resistance, whereas in type 1 diabetes, it arises
from the loss of P cells and insulin production. In this
study, microarray technology was used to identify differ-
entially expressed IncRNAs and mRNAs in patients with
B-TM and prediabetes. Functional enrichment analyses,
including pathway, disease and GO annotations, were con-
ducted to investigate their potential roles in disease onset
and progression. These findings provide a molecular basis
for subsequent functional studies of IncRNAs in $-TM-
associated prediabetes and offer novel research directions
for biological therapy. As well as potentially serving as early
diagnostic biomarkers for patients with -TM at risk of
developing diabetes, the identified IncRNAs may represent
promising therapeutic targets for drug development.

In patients with 3-TM, iron overload is a common path-
ological feature, mainly due to abnormal iron absorption
resulting from frequent blood transfusions and ineffec-
tive erythropoiesis. Accumulation of iron overload in the
pancreas may induce oxidative stress in pancreatic { cells,
which in turn affects insulin secretion and glucose metabo-
lism homeostasis and increases the risk of prediabetes and
diabetes [29]. Studies have shown that IncRNAs play a key
role in the regulation of islet function. For example, the
IncRNA MEG3 exhibited downregulation in pancreatic
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tissue in rat models of type 1 and type 2 diabetes, whereas
its silencing further impaired insulin secretion and glucose
homeostasis. By contrast, normal MEG3 expression pro-
motes insulin secretion and inhibits apoptosis of diabetic
pancreatic P cells, suggesting it has a protective role in
maintaining islet function [30]. In addition, the IncRNA
MALATI is closely associated with resistin and HOMA-IR
in type 2 diabetes. In cell models, knockdown of MALAT1
decreased pro-inflammatory cytokine production while
improving glucose absorption and intracellular signaling,
suggesting it has a potential regulatory role in diabetes
pathophysiology [15]. IncRNAs may be an important mo-
lecular mechanism of B-TM complicated by prediabetes,
providing a new research direction for the early identifica-
tion of the disease and prompt intervention.

In this study, through GO functional annotation and
KEGG pathway analysis, we investigated the potential role
of differentially expressed genes in f-TM complicated by
prediabetes in depth. GO analysis showed that deregulated
mRNAs were mainly involved in metabolic processes, cel-
lular communication and cellular responses to a variety
of stimuli, such as inflammatory responses and oxida-
tive stress, and KEGG pathway analysis further revealed
multiple significantly enriched pathways, which included
protein processing in the endoplasmic reticulum, a process
closely associated with glucose metabolism. In addition,
key pathways such as the cell cycle, calcium signaling path-
way and NOD-like receptor signaling pathway are involved
[31]. The results of these analyses suggest that differentially
expressed mRNAs are widely involved in inflammation-
mediated signaling and oxidative stress responses, reflect-
ing a complex genetic and metabolic regulatory network
in prediabetes in patients with f-TM. These dysregulated
genes may run through various biological stages of pre-
diabetes development, from metabolic disorders to cell
signaling, inflammation and oxidative stress responses,
which together drive the development and progression of
prediabetes in patients with 3-TM.

Summary of findings

In total, 3,443 differentially expressed IncRNAs and
1,880 differentially expressed mRNAs were identified,
with ENST00000496629 and AC090912.2 (IncRNAs)
and GDF15 (mRNA) emerging as the most significantly
dysregulated transcripts. Functional enrichment analyses
implicated these transcripts in glucose metabolism, vas-
cular smooth muscle contraction, immune regulation and
protein processing in the endoplasmic reticulum. These re-
sults suggest novel molecular links between iron overload,
oxidative stress and early glucose dysregulation in f-TM.

Interpretation

Previous transcriptomic studies of 3-TM have focused on
erythropoiesis or iron metabolism. Our findings extend this
by identifying transcripts not previously associated with
B-TM or prediabetes. In particular, ENST00000496629,
upregulated in our cohort, has not been reported in glucose
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metabolism, suggesting a novel regulatory role in iron-in-
duced metabolic disturbances. Moreover, AC090912.2, al-
though poorly characterized, showed marked downregula-
tion and may affect glucose homeostasis. Finally, GDF15, a
stress-response cytokine, is elevated in metabolic disorders,
insulin resistance and cardiovascular disease. Enrichment
of HSV-1 infection and vascular smooth muscle contraction
pathways — previously unreported in B-TM-related dysgly-
cemia — suggests immune activation and early endothelial
dysfunction may contribute to disease. This aligns with our
unpublished findings of elevated IL-1p, IL-6, IL-8, IL-10
and TNF-a in f-TM with prediabetes.

Limitations and future directions

This study has several limitations. First, the small sample
size (n = 5 per group) limits statistical power and generaliz-
ability; these results should be interpreted as exploratory.
Second, recruitment was constrained by the rarity of B-TM
with prediabetes due to premarital screening and improved
management, and the lack of a group of patients with f-TM
but without prediabetes prevents separation of thalassemia-
related from dysglycemia-specific transcriptomic changes.
Finally, age and sex were not strictly matched, potentially
influencing gene expression. Future studies should recruit
larger, matched cohorts including patients with f-TM but
without prediabetes and perform in-depth functional vali-
dation of candidate molecules in cellular and animal models
to clarify their roles in disease mechanisms.

Liang H. and Luo J-M.

CONCLUSION

In summary, the present study revealed a possible close
link between substantial changes in IncRNA and mRNA
expression profiles and p-TM complicated by prediabetes.
These differentially expressed molecules may influence
the pathophysiological mechanisms of diseases through
complex regulatory networks or participate in specific
biological processes. The findings of this study provide
an important theoretical basis and research direction for
future exploration of potential therapeutic targets, diagnos-
tic markers and prognostic evaluation indicators of B-TM
complicated by prediabetes.
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Supplementary Table 1. Reverse transcription-quantitative polymerase chain reaction primers for

randomly selected IncRNAs

Transcript ID Forward primer (5'-3') Reverse primer (5'-3)
ENST00000431759 CCACGCAAACTCCTTCTGTA GCCATTTTTTACCCTTTAGTTC
ENST00000611877 CTTCAGAGTGGGTGGTTTCC CCTTCGCTGTCCTTTGAGTT
ENST00000564152 GTGGTTGGGTTTCTGAGTTTG TGTCTGGCTTCCCTCTGTTC
ENST00000607613 TGCTGAGAGGGGTTTAGGAA GGAATCTGGAAAACTGCCCA
ENST00000581274 ATGACATGGGGAAATGGAAGG GCTGATCGCACTCAACTCTT
ENST00000449551 TTTCAGAGGAGTGGCTGGTA TGGAGTGGATCACAGGCTTA
ENST00000437035 ACAAATCTGCCACTCAAGCC TCTACTCCTGGATGTCTCTTCT
ENST00000556546 CTGCCTCCGATCCAAATTGT CCTTGGAGAAACGCCATTGA
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Notnuc ayrmux Hekogupajyhux PHK koa 6eta-Tanacemuje majop yapyKeHe ca

npeaujaberecom

XyHr JnjaHr'2, Hen-Munr Jlo’

"MpBa npuapyxeHa 6onH1La MeguumnHcKor yHuBep3uTteTa lyaHrcn, Ofierbetbe 3a neaujatpujy, HaHuHr, KnHa;
*Onwra 60nHuLa XajHaH (MpuapyxeHa 6onHuLa MeamumHcKor yHuBep3uTeTa XajHaH), Operbetbe 3a neaujatpujy, Xajkoy, npoBuHLmja

XajHaH, KnHa

CAXETAK

YBoa/Unm VicnnTtuBaHe cy GyHKLMOHaNHe Ayre HeKoaupajy-
he PHK (IncRNA) n matpuuHe PHK (mRNA) Kog 6onecHuvKa ca
6eTa-Tanacemmjom mMajop (B-TM) n npegujabetecom, aHan3om
EKCMpecroHnx Npoduna reHa gobujeHmx nomohy Mmkpoum-
MoBa, eKCcnepuMeHTaNHUM AokKa3uma 1 6roMHGOPMATUKOM.
Metopae YkynHa PHK je n3onoBaHa HakoH y3mmarba y3opaka
KpBUW of 6onecHuKa. Mukpounnosu cy 3atum KopuwheHm
3a reHeTUYKy aHanu3y 6onecHuka ca B-TM/npepanjabetecom
(n=5) y nopehetby ca 3apaBum ocobama (n = 5). MoTeHyujan-
He IncRNA n mRNA HacymMU4HO cy BeprprKOBaHe NPUMEHOM
aHanuse gRT-PCR. CurHanHu nyTeBm nose3aHu ca B-TM ngex-
TNUKOBAHM Cy Kao NOBE3aHU ca NpefujabeTecom Ha OCHOBY
aHanu3a Gene Ontology (GO) u Kyoto Encyclopedia of Genes and
Genomes (KEGG).

Pesyntatm Y nopehemy ca KoHTponHom rpynom, 1.511 IncRNA
6vno je nosehaHo, a 1.932 cmareHo, AOK je Ko nauujeHaTa

DOI: https://doi.org/10.2298/SARH250423076L

ca B-TM/npegujabetecom 1.128 mRNA 6uno nosehaHo, a 752
cMarbeHo. Ocam aeperynucaHux ekcripecuja IncRNA notepheHo
je aHanuzom gRT-PCR, wTo je 6vno y cknagy ca pesyntatuma
Mukpoumnosa. AHanmnsa GO n KEGG nokasana je aa cy yHy-
Taphenujcka aHaTOMCKa CTPYKTypa U npouec Buwwehenujckor
opraHn3ma 6vnm Haj3HauajHuje AeperynucaHn, BOK Cy Haj3Ha-
yajHuje noBehaHu 1 cMarbeHn NyTeBu bunu nHdeKLmnja BUPY-
com Herpes simplex 1, OBHOCHO KOHTpaKLWja maTkux myuwmha
KPBHYX Cyf0Ba.

3akspyyak OBa cTyamja je npenMnuHapHo YTBPAWIa Aa naTo-
dusmnonoruja HapylueHe rnykosHe xomeoctase y 3-TM moxe
61TV NoBe3aHa ca abHopmanHom ekcripecujom IncRNA n mRNA,
yuMme ce NpoaybIbyje pasymeBarbe MOMEKYTAaPHUX MexaH3ama
y B-TM KoMNIMKOBaHoj npeamnjabetecom.

KrbyuHe peun: aHanusa Mukpouunowm; fyre Hekogupajyhe PHK;
6eTa-Tanacemuja majop; mRNA; npegujabetec
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Unraveling infertility — most frequent causes
and essential predictors of assisted reproductive
technologies outcomes
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Milica Ivanovi¢?, Ivana Babovi¢'?, Boba Kotlica'?, Lidija Tuli¢'
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University of Belgrade, Faculty of Medicine, Belgrade, Serbia;
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SUMMARY

Introduction/Objective Infertility is a global health concern affecting millions of couples worldwide.
The aim of this study was to identify the most common causes of infertility among patients undergoing
assisted reproductive technologies procedures and to determine key predictors of a successful outcome.
Methods This retrospective observational study included 164 patients treated at a University Clinical
Center. Patients characteristics included age, body mass index, duration of infertility, baseline hormone
levels were recorded, along with stimulation protocol, insemination technique, number of retrieved
oocytes, fertilization rate, embryo quality, and treatment outcomes. Univariate and multivariate logistic
regression analyses were performed to assess predictors of a clinical pregnancy.

Results The mean age of participants was 34.66 + 3.69 years, and 89% underwent a short stimulation
protocol. Unexplained infertility was most frequent (30.5%), followed by male factor (28%). Among the
participants, 65.2% had 4-15 retrieved oocytes, while 19.5% had < 3 and 15.2% had > 15. Embryos of
quality A were observed in 56.7% of patients. The overall pregnancy rate was 53.7%. Univariate logistic
regression identified lower baseline progesterone, higher number of mature oocytes, and better embryo
quality as significant predictors of success. In the multivariate model, the number of mature oocytes
(p =0.014) and A-quality embryos (p = 0.004) remained independent predictors of a positive outcome.
Conclusion This study demonstrates that the number of mature oocytes and top-quality embryos are
essential for achieving favorable in vitro fertilization / intracytoplasmic sperm injection results. Recog-
nizing and addressing these predictive factors may enhance the success rate of assisted reproductive
treatments, stressing the need for personalized therapeutic strategies.

Keywords: infertility; assisted reproductive technologies procedures; embryo quality; progesterone;

IVF outcome

INTRODUCTION

Affecting millions of couples worldwide, in-
fertility becomes a significant global health
concern highlighting the need for effective di-
agnostic and therapeutic strategies [1]. Diverse
underlying factors, such as delayed childbear-
ing, baseline levels of reproductive hormones,
ovarian reserve, lifestyle habits (e.g., smoking,
obesity), and demographic characteristics of
the couples have contributed to development
of more sophisticated reproductive approaches
[2]. According to the report “Women’s Health
in Serbia - Past, Present and Future,” the lead-
ing reproductive problems among women in
Serbia are menstrual cycle disorders and in-
fertility, alongside a growing need for assisted
reproductive technologies (ART) procedures
due to the increased prevalence of these condi-
tions [3].

The current increasing evidences about val-
ues of body mass index (BMI), serum proges-
terone (P4) levels and quality of embryos em-
phasis its potential role on the in ART success

[4]. P4, as a key hormone in the luteal phase,
plays a crucial role in endometrial preparation
and the maintenance of early pregnancy. There
are conflicting results about influence of the
smoking habits, alcohol consumption, dura-
tion of infertility and causes of infertility on
in vitro fertilization (IVF) outcomes [2, 5], but
one is for sure that the success of each proce-
dure depends on the patient’s individual clinical
presentation, emphasizing the importance of a
comprehensive approach that carefully evalu-
ates all relevant predictors. Regarding stimula-
tion protocols, studies suggest that the choice
of protocol (e.g., long, short, or antagonist) can
influence both the quantity and quality of re-
trieved oocytes. Similarly, the selection of the
insemination technique - IVE, intracytoplas-
mic sperm injection (ICSI), or a combined ap-
proach — may be critical in cases of severe male
factor infertility or varying oocyte quality [6].

Accordingly, the aim of this study was to
analyze the characteristics of patients who un-
derwent IVF/ICSI treatment and identifying
key predictors of IVF/ICSI success.
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METHODS

A retrospective observational study was conducted at the
Clinic for Gynecology and Obstetrics, University Clinical
Center of Serbia. All data were analyzed in accordance with
ethical principles and research standards. The recruitment
of patients was performed in accordance with the Helsinki
declaration. All patients were entirely informed about the
research and all signed the informed consents for inclu-
sion in the study, as well as the ART itself. The research
was approved by the Ethics Committee of the Faculty of
Medicine, University of Belgrade.

The inclusion criteria encompassed women aged 18-40
years undergoing first, second, or third ART procedure as
independent patients, with a BMI < 30 kg/m?, a confirmed
infertility diagnosis. Exclusion criteria consisted of azo-
ospermic male partners and female patients who did not
meet the inclusion criteria, such as those over 40 years of age
or with a BMI exceeding 30 kg/m?. Infertility was diagnosed
and classified according to the guidelines of the European
Society of Human Reproduction and Embryology [7]. For
all patients ultimately included in the study, comprehen-
sive medical histories were obtained, covering the follow-
ing parameters: demographic characteristics [age, BMI, and
duration of infertility), baseline hormonal status (follicle-
stimulating hormone (FSH), luteinizing hormone (LH),
estradiol (E2), and P4], anti-Miillerian hormone (AMH)
levels, factor of infertility (male, ovarian, tubal, combined),
stimulation protocol (long antagonist or short antagonist
protocol), procedure outcomes (number of retrieved oo-
cytes, number of fertilized oocytes, fertilization rate, embryo
quality, and pregnancy rate), and pregnancy outcomes (bio-
chemical pregnancy, miscarriage, or live birth).

The stimulation protocols and patient monitoring have
been described in detail in a previous study [4]. Briefly, in
the long gonadotropin-releasing hormone (GnRH) agonist
protocol, Triptorelin (Diphereline, Ipsen Pharma Biotech,
Signes France) was administered in the mid-luteal phase of
the preceding cycle, followed by ovarian stimulation with
recombinant FSH (GONAL-f®, Merck KGaA, Darmstadt,
Germany) from cycle day two or three, based on patient
age, BMI, and ovarian reserve. In the short GnRH antago-
nist protocol, ovarian stimulation commenced with rFSH
and Cetrorelix (Cetrotide®, Merck KGaA) added when the
leading follicle reached 14 mm, continuing until human
chorionic gonadotropin (hCG) administration. Ovarian
response was monitored through serial transvaginal ul-
trasound and serum E2 measurements. When at least two
follicles reached > 18 mm, hCG (Pregnyl, Organon & Co.,
Jersey City, NJ, USA) was administered, with oocyte re-
trieval performed 34-36 hours later. Retrieved oocytes
were classified as mature (MII) or immature (MI) based
on their developmental stage.

Insemination methods included IVE ICSI or a com-
bined approach. Fertilization was assessed 16-20 hours
post-insemination based on the presence of two pronuclei.
Embryo quality was evaluated according to the Istanbul
Consensus of Clinical Embryologists [8]. All assessments
were conducted jointly by the embryology team. Embryo

‘ DOI: https://doi.org/10.2298/SARH250616070I
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transfer was performed on day two or three post-oocyte
retrieval, with a maximum of three embryos, depending
on the patient’s age, medical history, embryo quality, and
patient’s wish. Luteal phase support with intramuscular P4
initiated from the day of oocyte retrieval. Pregnancy was
confirmed by a positive serum p-hCG result 14 days post-
transfer. Clinical pregnancy was verified via transvaginal
ultrasound at six weeks of gestation.

Statistical analysis

Data were analyzed using appropriate statistical tests based
on the nature of the examined variables. Categorical vari-
ables were assessed using the x* test to examine the dis-
tribution of infertility causes and stimulation protocols.
Continuous variables were compared between groups us-
ing either the independent t-test or the Mann-Whitney U
test, depending on the normality of data distribution. To
evaluate the association between various predictors and
IVF/ICSI success, univariate logistic regression analysis
was performed. Variables with a significant association
in the univariate analysis were subsequently included in a
multivariate logistic regression model to identify indepen-
dent predictors of a positive outcome. Statistical signifi-
cance was set at p < 0.05. Results were reported as means
with standard deviations or medians with interquartile
ranges for continuous variables, and as frequencies with
percentages for categorical variables. Odds ratios (OR)
with 95% confidence intervals were presented for logistic
regression analyses. All statistical analyses were conducted
using SPSS Statistics for Windows software, version 22.0
(IBM Corp., Armonk, NY, USA).

Ethics: All patients were entirely informed about the
research and all signed the informed consents for inclu-
sion in the study in accordance with institutional ethi-
cal standards. The investigation approved by the Ethics
Committee of the Faculty of Medicine, University of
Belgrade, Belgrade, Serbia (Number 29/XI-1).

RESULTS

This study included 164 patients who underwent IVF/ICSI
treatment. The mean patient age was 34.66 + 3.69 years,
with a mean BMI of 22.23 + 2.65 kg/m®. The mean dura-
tion of infertility was 4.86 + 2.61 years (range: 1-17 years)
(Table 1). The mean FSH level was 7.24 + 2.47 mIU/mL,

Table 1. Distribution of demographic characteristics

Parameters Total %

Up to 29 19 11.6%

Age 30-35 73 44.5%

36+ 72 43.9%

. No 131 79.9%
Smoking

Yes 33 20.1%

Body mass Up to 25 140 85.4%

index Over 25 24 14.6%
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while the mean LH level was 5.15 + 2.66 mIU/mL.
The mean E2 concentration was 43.78 + 19.45 pg/
mL, and the mean P4 concentration was 2.64 + 1.75
ng/mL. The mean AMH level was 2.55 + 2.59 ng/mL.
The total gonadotropin dose administered was
2205.03 + 538.93 IU. The results are presented in
Table 2. The short stimulation protocol was sig-
nificantly more prevalent than the long protocol
(89% vs. 11%, p < 0.0001). The distribution of insem-
ination techniques showed no significant difference,
with IVF (42.1%), ICSI (29.3%), and a combined ap-
proach (28.7%) (p = 0.06) (Table 3). The most com-
mon cause of infertility was unexplained infertility
(30.5%), followed by male factor (28%), tubal fac-
tor (18.9%), ovarian factor (18.3%), and combined
infertility (4.3%). Most patients (65.2%) had 4-15
retrieved oocytes, while 19.5% had < 3 oocytes, and
15.2% had > 15 oocytes. Embryo grading showed
that 56.7% of embryos were A-quality, 61% were
B-quality, 17.1% were AB-quality, and 20.1% were
C-quality, shown in Table 4. Among 164 treatment
cycles, 88 cycles (53.7%) resulted in pregnancy, while
76 cycles (46.3%) did not lead to conception. Of the
pregnancies, 71 (43.3%) progressed to live birth, 12
(7.3%) were biochemical pregnancies, and five (3%)
resulted in miscarriage (Table 5).

Univariate logistic regression analysis identified
BMI < 25 kg/m? (OR = 2.5, p < 0.05), infertility du-
ration (OR = 1.9, p < 0.05), number of MII oocytes
(p = 0.043), and A-quality embryos (OR = 1.87,
p = 0.048) as significant predictors of a positive
outcome. The following factors that were identified
are presented in Table 6. Multivariate logistic re-
gression confirmed that the number of MII oocytes
(p = 0.014) and A-quality embryos (p = 0.004) were
independent predictors of a successful pregnancy
outcome. The results are presented in Table 7.

DISCUSSION

This study highlights the pivotal factors that in-
fluence the success of ART procedures, empha-
sizing the importance of oocyte quantity and
quality, embryo morphology, and hormonal bal-
ance in optimizing reproductive outcomes. Our
results signify that a higher number of MII oo-
cytes and A-quality embryos are independent
predictors of a positive pregnancy outcome.
Further, patients with a BMI lower than 25 kg/m?
and a longer duration of infertility (> 3.5 years) had
better treatment results, suggesting that healthy BMI
optimizing hormonal balance, egg quality, and over-
all treatment response, and reproductive history play
a significant role in ART success.

In multivariate analysis, BMI stayed as a border-
line significant factor that may have an impact, but
it was not an independent predictor of success when
the other factors were taken into account. The data
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Table 2. Average values of demographic characteristics, baseline hormonal status, and

gonadotropin (GT) dose

Parameters Number | Mean SD 5%l Min. | Max.
Lower Upper

Age Total 164 3466 | 3.69 34.10 35.23 21 41
BMI Total 164 22.23 2.65 21.82 22.64 18 29.40
5] Lf‘;ftti'l‘i’tr; of | fotal | 164 | 486 | 261 | 445 | 526 | 1 17
FSH Total 160 7.24 247 6.86 7.63 2.60 15
LH Total 156 5.15 2.66 4.73 5.57 0.40 | 25.20
E2 Total 157 43.78 | 19.45 40.71 46.85 10 100
AMH Total 150 2.55 2.59 2.13 297 0.10 | 14.30
GT dosage | Total 159 2205.03 | 538.93 | 2120.62 | 2289.45 | 900.0 | 4125.0
P4 Total 164 2.64 1.75 237 291 0.22 9.31

BMI - body mass index; FSH - follicle-stimulating hormone; LH - luteinizing hormone; E2 - estra-

diol; AMH - anti-Millerian hormone; P4 - progesterone

Tabel 3. Stimulation protocol and insemination technique

Procedure Total % X (df) p
. . GnRH agonists 18 11% 99.1 (1)
Stimulation protocol - < 0.0001
GnRH antagonists 146 89%

o IVF 69 | 421% | 565(2)
Insemination ICsl 48 | 293% 0.06
technique

Combined 47 28.7%
Total 164 100%

GnRH - gonadotropin-releasing hormone; IVF - in vitro fertilization; ICSI - intracytoplasmic

sperm injection

Table 4. Infertility cause disturbance, the number of retrieved oocytes and characteristics

of embryos
Factor Total %
Male 46 28%
- Female Tubal 31 18.9%
Infertility cause -
Ovarian 30 18.3%
Combined 7 4.3%
Unknown 50 30.5%
<3 32 19.5%
The number of retrieved oocytes 4-15 107 65.2%
>15 25 15.2%
. No 71 43.3%
A quality embryo
Yes 93 56.7%
R No 64 39%
B quality embryo
Quality of Yes 100 61%
embryos ) No 136 82.9%
AB quality embryo
Yes 28 17.1%
. No 131 79.9%
C quality embryo
Yes 33 20.1%
Table 5. Assisted reproductive technologies outcomes
Outcomes Total %
No pregnancy 76 46.3%
Pregnancy 88 53.7%
Delivery 71 43.3%
Outcome of pregnancy Biochemical pregnancy 12 7.3%
Miscarriage 5 3%
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Table 6. Univariate logistic regression analysis — predictive association with outcome

Ivanovi¢ K. et al.

. 95% Cl for EXP(B)

Parameters B SE Wald Df Sig. Exp(B)
Lower Upper

Age -0.05 0.04 1.17 1 0.280 0.95 0.88 1.04
BMI -0.09 0.06 2.09 1 0.148 0.92 0.82 1.03
BMI - up to 25, over 25 -0.77 0.45 2.86 1 0.091 0.46 0.19 1.13
Smoking 0.04 0.39 0.01 1 0.909 1.05 0.49 2.25
Baseline concentrations of reproductive hormones
FSH 0.00 0.06 0.00 1 0.995 1.00 0.88 1.13
LH 0.08 0.07 1.40 1 0.237 1.09 0.95 1.24
E2 0.01 0.01 0.90 1 0.344 1.01 0.99 1.02
AMH 0.03 0.06 0.28 1 0.596 1.03 0.91 1.17
GT dosage 0.00 0.00 0.16 1 0.686 1.00 1.00 1.00
P4 -0.28 0.10 8.10 1 0.004 0.75 0.62 0.92
Infertility
Duration of infertility 0.08 0.06 1.51 1 0.219 1.08 0.96 1.22
Infertility cause -0.04 0.10 0.17 1 0.681 0.96 0.78 1.17
Stimulation protocol 0.61 0.53 1.35 1 0.246 1.84 0.66 5.17
Technique -0.22 0.19 1.36 1 0.244 0.80 0.55 1.16
Number of oocytes, fertilization rate and quality of embryos
The number of oocytes 0.04 0.03 2.78 1 0.096 1.04 0.99 1.10
Up to 3,4-15, over 15 0.12 0.27 0.22 1 0.640 1.13 0.67 1.91
The number of mature oocytes 0.06 0.03 4.09 1 0.043 1.07 1.00 1.13
The number of fertilized oocytes 0.07 0.04 3.25 1 0.062 1.08 0.99 1.16
Fertilization rate 0.00 0.01 0.16 1 0.690 1.00 0.99 1.01
Quality of embryos -0.51 0.19 7.36 1 0.007 0.60 0.42 0.87
A quality embryo 0.51 0.32 2.58 1 0.048 1.87 0.89 3.1

BMI - body mass index; FSH - follicle-stimulating hormone; LH - luteinizing hormone; E2 - estradiol; AMH - anti-Mdillerian hormone; GT - gonadotropin;
P4 - progesterone; B — unstandardized regression coefficient; SE — standard error; Wald — Wald statistic; Df — degrees of freedom; Sig. - statistical significance;

Exp(B) - odds ratio

Table 7. Multivariate logistic regression analysis: predictive association with the outcome

i 95% Cl for Exp(B)
Parameters B SE Wald Df Sig. Exp(B)
Lower Upper
BMI -0.99 0.50 3.85 1 0.050 0.37 0.14 1.00
Duration of infertility 0.59 0.37 2.58 1 0.108 1.80 0.88 3.69
¥ | The number of oocytes -0.10 0.10 1.09 1 0.297 0.90 0.75 1.09
::)_ The number of mature oocytes 0.23 0.14 2.90 1 0.088 1.26 0.97 1.64
% | The number of fertilized oocytes -0.03 0.07 0.20 1 0.655 0.97 0.84 1.11
Quality of embryos -0.59 0.21 7.66 1 0.006 0.56 0.37 0.84
Constant 3.12 1.15 7.36 1 0.007 22.61
w | BMI -0.88 0.49 3.25 1 0.072 0.41 0.16 1.08
s The number of mature oocytes 0.10 0.04 6.02 1 0.014 1.11 1.02 1.20
;% Quality of embryos -0.60 0.21 843 1 0.004 0.55 0.37 0.82
“ | Constant 3.80 100 | 1457 1 0000 | 4466

BMI - body mass index; B — unstandardized regression coefficient; SE - standard error; Wald — Wald statistic; Df — degrees of freedom;

Sig. - statistical significance; Exp(B) - odds ratio

from available literature is controversial. Some systematic
reviews and meta-analyses have shown that women with
a BMI over 25 have lower clinical pregnancy and live birth
rates, as well as a higher risk of miscarriage compared to
women with a BMI below 25 [9, 10], while others reported
that BMI is not associated with the outcomes of fresh em-
bryo transfer in women undergoing their first IVF/ICSI
treatment [11].

Longer history of infertility is usually related to reduced
chance of IVF/ICSI success, possibly due to the progres-
sion of underlying reproductive disorders over time [12].

‘ DOI: https://doi.org/10.2298/SARH250616070I

Also, some studies have not found correlation between the
duration of infertility and IVF/ICSI outcomes, indicating
that other factors, such as maternal age and embryo qual-
ity, may have a greater impact on treatment success [13,
14]. Our study showed that a longer duration of infertility
(> 3.5 years) was positively associated with IVF/ICSI suc-
cess in univariate analysis, which is an uncommon finding,
and could be explained with couples with longer infertility
durations may have undergone more extensive diagnostic
workups and previous treatments, and by the time they
reached IVE, the underlying issues were better managed.

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):465-470



Outcomes of ART procedures

Also, patients with long-term infertility might be more mo-
tivated, and finally this was the group of patients that were
less than 40 years old and that might have influenced our
results. Still, in multivariate analysis, infertility duration
was not retained as an independent predictor of success.

Results did not show correlation between baseline levels
of FSH, LH, E2, AMH, dose of gonadotropin and preg-
nancy rates, what is in accordance with researches sug-
gesting that elevated levels of FSH (> 10 mIU/mL) may
weaken ovarian response but do not necessarily correlate
with lower clinical pregnancy rates. Elevated baseline E2
(> 60 pg/mL) correlates with weakened ovarian response
and lower pregnancy rates, as well and often masks the
real level of FSH presenting ovarian reserve better than it
actually is [15, 16, 17]. A systematic review and meta-anal-
ysis examining P4 levels at different phases of ART con-
cluded that elevated baseline P4 (> 1.5 ng/mL on day 2-3
of stimulation) does not significantly impact live birth or
clinical pregnancy rates in fresh IVF cycles [18]. In our
study, univariate logistic regression analysis showed that
respondents with lower levels of baseline P4 had higher
chance to achieve pregnancy.

AMH, as indicator of ovarian reserve, is also a predictor
of response to controlled ovarian stimulation. Our results
did not show significant association among AMH levels
and pregnancy rates, which is in accordance with other
studies that suggest that higher AMH is correlated with
a greater number of archived oocytes, but not necessarily
with higher live birth rates [19]. Further, findings empha-
sized that very low AMH levels (< 0.5 ng/mL) usually in-
dicate weak ovarian response with low pregnancy chances.
Its role as an independent predictor of IVF success has not
been fully established [20, 21].

The number of oocytes retrieved during an ART cycle
is labeled with a positive correlation with successful out-
comes. Studies reported that retrieving among six to 15
oocytes yields the greatest potential for favorable results,
then less, maintaining quality of embryos and decreasing
the risk of ovarian hyper stimulation syndrome [22], but
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UcnuTuBare HeNNoAHOCTH — Hajuewhu y3poLm U K/byuHU NPeaUKTOPM UcXoaa
NOCTynaKa acCUCTUPAHMX PEnPOAYKTUBHUX TEXHO/IOTH]a

KaTapuHa MBaHoBuh', BaH Tynuh', Jenena CrojHnh'?, JeneHa Muuuh'2, JoaH buna'? Credan ViBaHosuh?, Munuua MeaHosunh’,

WBaHa babosuh'? boba Kotnuua'? Nuguja Tynuh'2

'YHUBep3nTETCKN KNMHWUYKY LeHTap Cpbuje, KnuHuka 3a ruHekonormjy v akywepctso, beorpag, Cpbuja;

2YHueepauTet y beorpaay, MeanunHcku pakyntet, beorpag, Cpbuja;

*KnuHuka 3a ruHekonorujy v akywepctso,HapoaHu dppoHT’, beorpag, Cpbuja

CAMETAK

YBog/Lum HennogHocT npefcTaBba r1obanHy 3ApaBCTBEHN
npo6nem Koju noraha MUnMoHe naposa LWmpom caeta. Lium ose
cTyavje 6uo je pa nneHTMduKyje Hajuelhie y3poke HennogHo-
CTV KO MaLmjeHTKMba Kojyi ce MoABpPraBajy npoLiefypama acu-
CTUPaHUX PENPOAYKTUBHYX TEXHOSOTWja 11 1a ORPEAN KIbyuHe
NpeAnKTOpe YCreLwHOr NCX0Aa.

MeTtope OBa peTpocneKTBHa OMNcepBaLMoHa CTyavja obyxsa-
TNa je 164 naumjeHTKnbe neveHe y YHMBep3nTeTCKOM KNMHNY-
KOM LieHTpY. KapaKkTepucTrke nauujeHKu1ba yKibyunBane cy
CTapoCT, HAEKC TeNlecHe Mace, Tpajakbe HeNnoAHOCTY, 6a3anHu
XOPMOHCKM CTaTYC, Kao U MPOTOKON CTUMYyMaLje, TEXHWKY NH-
cemuHaumje, 6poj pobujeHux jajHux henuja, ctony deptunu-
3auuje, KBanMTeT eMOPUOHa U NCXOp Neyerba. CnpoBefeHe cy
YHVBapujaHTHa U MyNTUBapUWjaHTHa NIOTMCTUYKA perpecroHa
aHanv3a pagu npoLleHe NpeanKTopa KNMHUYKKUX TPYAHONa.
PesynTartu [poceyHa CTapocT ncnutaHnua buna je 34,66 + 3,69
rofuHa, a 89% je 610 NOABPrHYTO KPAaTKOM MPOTOKOSY CTUMY-
nauuje. Hajuewhn y3pok HennogHocT 610 je Hemo3HaT GpakTop

DOI: https://doi.org/10.2298/SARH250616070I

(30,5%), 3aTim myLLKKM dakTop (28%). Koa 65,2% mncnutaHnua
pobujeHo je namehy yetnpm un 15 jajuux henwja, pok je 19,5%
umano < 3,a 15,2% > 15. Em6puonun A-kBanuteta JobujeHu cy
Kop 56,7% nauujeHTKMHba. YKynHa ctona TpygHohe nsHocuna
je 53,7%. YHnBapujaHTHa NOrNCTAYKa perpecunja nokasana je
[a Cy HVK1 6a3anHu HUBO NporecTepoHa, Behn 6poj 3penmx
jajHux henwja n 60sbY KBaNUTET EMOPVIOHA 3HaYajHN NPeAnK-
TOpU ycnexa. Y MynTviBapujaHTHOM Mogeny, 6poj 3penvix jajHux
henuja (p = 0,014) n embpuroHn A-kBanuteTa (p = 0,004) octanu
Cy He3aBUCHY NPeANKTOPY NO3UTUBHOT NCXOAa.

3akmyuak OBa cTyguja nokasyje fa cy 6poj 3penux jajHux
henuja n fobap KBanuTeT eMOPMOHA Of K/IbyYHE BaXXHOCTY 3a
nocTr3arbe fobpux pesyntata BaHTeNnecHe onnofme. Mpemno-
3HaBake 1 afieKBaTHO ynpaB/bakbe OBUM MPeaUKTUBHUM paK-
TOPUMa MOXe MOBO/bLIATH YCMELWHOCT ACUCTUPAHUX PEMPOLYK-
TVBHVX TPETMaHa, Harnawasajyhu 3Hauaj nepcoHan3oBaHmX
Tepanujckmx cTpateruja.

KrbyuHe peun: HeNNOAHOCT; BaHTENIECHA OMJIOAHA; MOCTYNLM;
KBanuTeT eM6PMOHa; MPOrecTepoH; MCXOf NOCTYyrMKa
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Long-term effects of monocular myopic
anisometropia correction on uncorrected ocular
axial length in minors and its influencing factors

Tingting Wang', Lijuan Wang', Hong Guan', Yuxin Xu?

'Hefei Purui Ophthalmology Hospital, Department of Ophthalmology, Hefei City, Anhui, China;
The Second Affiliated Hospital of Anhui Medical University, Department of Ophthalmology, Hefei City,
Anhui, China

SUMMARY

Introduction/Objective The objective of the paper was to investigate the long-term effects of orthokera-
tology (ortho-k) correction for monocular myopia and the factors influencing axial length (AL) changes
in the untreated eye of minors.

Methods A total of 81 patients with monocular myopia receiving ortho-k lenses for the first time were
enrolled. Eyes corrected with ortho-k lenses were designated as the myopic group and contralateral non-
myopic eyes formed the non-myopic group. Changes in AL from baseline to follow-up examinations were
recorded. Univariate and multivariate linear regression analyses were performed sequentially to explore
the correlation between baseline parameters and AL changes in the non-myopic eyes.

Results After wearing ortho-k lenses for six and 12 months, the AL of the corrected myopic group was
24.48 + 0.35 and 24.56 + 0.31 mm), respectively, whereas that of the uncorrected non-myopic group was
23.55+ 0.24 and 23.7 £ 0.22 mm, respectively. After six and 12 months, the amount of change in the AL
was higher in the uncorrected non-myopic group than in the corrected myopic group (p < 0.001). More-
over, the difference in AL between the two eyes gradually decreased (t = 2.376, p = 0.018); the change
in AL difference (-0.10 £ 0.08 vs. -0.18 + 0.13, p < 0.001) was significant.

Conclusion Orthokeratology lens wear may accelerate myopia progression in contralateral, initially
non-myopic eyes. Younger children with monocular myopia and a higher baseline spherical equivalent
are likely to experience faster myopia progression in the other, unaffected eye following ortho-k lens

correction.

Keywords: orthokeratology; unilateral myopic anisometropia; axial length

INTRODUCTION

Myopia is increasingly prevalent worldwide
[1-4]. Epidemiological studies indicate a
progressive increase in the prevalence of the
condition, with the population prevalence as
high as 60% in Asia and 40% in Europe [5, 6].
Children who develop myopia in adolescence
are at greater risk of developing pathologic,
high myopia in adulthood, with a risk of blind-
ness. Therefore, the prevention and control of
myopia, particularly during adolescence, are of
great significance.

Anisometropia refers to a spherical equiva-
lent (SE) refractive power difference greater
than 1.00 diopters (D) [7, 8, 9]. Due to the
disparity in the size of the retinal images of
the two eyes of patients with anisometropia,
visual fatigue and abnormalities in binocular
vision may occur [10, 11]. Research indicates
that when the disparity in diopter of the two
eyes reaches 2.50 D, the differential in the size
of the retinal images is 5% [12]. Patients with
binocular visual impairment have a remarkable
reduction in their visually guided motor abil-
ity. This primarily manifests as a slower pace,
inferior accuracy and poor depth judgment [13,
14], which, in turn, impairs the precision of

visual-motor abilities [15] and affects learn-
ing, work and daily life. If minors exhibit an-
isometropia during the crucial period of visual
development, the inferior eye is prone to retinal
defocus, or the eye with the higher refractive
diopter may develop monocular inhibition
[16]. Moreover, relevant research suggests that
the progression rate of myopia in both eyes of
minors with anisometropia is faster than that
in those without the condition [17]. As the de-
gree of myopia and age increase, the degree of
anisometropia will further amplify [9].

To date, the mechanism underlying the for-
mation of myopia has not been fully elucidated.
In addition to genetic and environmental fac-
tors, visual stimulation of the peripheral retina
also plays a significant role in the formation of
myopia [18]. Currently, methods proven to ef-
fectively control the progression of myopia pri-
marily include the administration of atropine
eye drops, orthokeratology (ortho-k) lenses and
spectacle lenses, as well as contact lenses with
a peripheral myopia defocus design.

Orthokeratology is an optical approach
for controlling the progression of myopia in
minors. It reduces peripheral astigmatism by
reshaping the corneal curvature to better visu-
alise external objects on the retina, effectively
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reducing axial elongation by 43-63% [19, 20]. Several re-
cent studies have demonstrated that ortho-k effectively
inhibits the axial elongation and reduces the degree of re-
fractive interocular difference in adolescents with unilat-
eral myopic anisometropia [21, 22]. However, few previous
studies have investigated the changes in axial length of the
contralateral eye without a lens and the factors affecting
these changes.

METHODS
Study design

A total of 81 minors who were first fitted with ortho-k
lenses for monocular myopia between January 2022 and
June 2023 were selected using the convenience sampling
method. The myopic eyes fitted with ortho-k lenses were
then allocated to the corrected myopic eye group and the
contralateral non-myopic eyes were allocated to the un-
corrected non-myopic eye group. The inclusion criteria
were as follows: (1) age 8-16 years; (2) unilateral myopic
anisometropia with SE diopter of myopia of -6.00 to -0.75
D and corrected visual acuity > 1.0, and the contralateral
eye with SE diopter of -0.50 to- +1.50 D and visual acuity
of > 1.0; (3) astigmatism with-the-rule in both eyes < 2.00
D; (4) SE difference > 1.00 D in both eyes; (5) first-time
fitting of corneal contact lenses, with no contraindications
to contact lens fitting; and (6) intraocular pressure (IOP)
value = 10-21 mmHg. The exclusion criteria were as fol-
lows: patients (1) with presence of medications and history
of treatment with myopia prevention tools that may affect
refractive outcomes; (2) with presence of binocular vision
problems such as dominant strabismus and amblyopia; (3)
with past history of ocular trauma or surgery; (4) suffer-
ing from corneal diseases, glaucoma, uveitis, cataract or
fundus diseases, which may affect vision, diopter or cho-
roidal structure; (5) suffering from systemic diseases such
as diabetes, hypertension or autoimmune diseases that may
cause eye disease; and (6) unable to understand and co-
operate with the examination. The study was approved
by the hospital’s ethics committee. This was a prospective
study and all participants (or their guardians) signed an
informed consent form before the start of the study.

Relevant inspection and methods
Visual acuity examination

Distance visual acuity is assessed at 5 m using an interna-
tional standard chart under good illumination, with the 1.0
line at eye level. Each eye is tested separately: first uncor-
rected, then corrected, with the fellow eye fully occluded
without pressure. Patients identify the gap direction in
descending ‘E’ optotype order. If no optotype is discerned
at 5 m, the patient moves closer until identifying the 0.1
line. Failure to see line 0.1 at 1 m prompts finger counting
against light at the maximum discernible distance; inability
to count fingers necessitates light perception testing. Near

‘ DOI: https://doi.org/10.2298/SARH250323075X
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acuity is measured at 30 cm with a standard chart; if line
1.0 is unclear, the chart is moved progressively closer.

Axial length examination

In this study, axial length (AL) measurements were ob-
tained using an optical biometer (SW-9000, Suiwei, China).
During examination, the chin rest height was adjusted to
align the patient’s outer canthus with the marking line. The
operator then manoeuvred the instrument handle until the
pupil was centred within the white dot-shaped aperture
and the white dual light rays appeared clear; at this point,
the button was pressed. Following this, the examination
position was adjusted until a green aperture appeared. The
handle was then adjusted to centre the pupil within the
green aperture before pressing the button again, complet-
ing one measurement. Measurements were performed at
least three times per eye, and the average value was used.

Diopter examination

The diopter examination began with an objective refrac-
tion test using a fully automatic computerized refractom-
eter (Model: KR-800, Topcon Corporation, Japan). The
examinee’s chin rest and headrest were adjusted, and they
were instructed to focus on the hot air balloon or small
house inside the device. The tracking ball was adjusted
to position the pupil centre between the inner and outer
aligning rings, initiating automatic measurements. Three
separate measurements were taken for each eye, with the
average value, automatically calculated by the computer-
ized refractometer, then recorded. The standard deviation
of the three measurements had to be < 0.05 mm, otherwise
the measurement had to be repeated. Next, subjective re-
fraction was assessed using a fully automatic comprehen-
sive optometry instrument (VT-10, Topcon Corporation).
Briefly, the objective refractive values obtained from the
computerised refractometer were inputted into the com-
prehensive optometry instrument, followed by the maxi-
mum plus to maximum visual acuity (MPMVA) procedure.
During MPMVA, a fogging lens (typically +0.75 D) was
employed to induce controlled myopia, relaxing accom-
modation for more accurate visual acuity determination.
Under fogging conditions, the optometrist simultaneously
evaluated binocular vision, ensuring binocular harmony by
adjusting lenses. Binocular function was further assessed
using the red—green test, based on accommodative balance.
The fogging lens power was then gradually reduced until
the patient achieved clear vision of the chart letters; the
corresponding lens power was recorded as the endpoint.
Cycloplegic refraction was performed after inducing cy-
cloplegia. Participants aged 8-12 years received 1% cyclo-
pentolate hydrochloride eye drops for mydriasis, whereas
those aged >12 years received compound tropicamide eye
drops. Here, 1% cyclopentolate was administered twice,
with a five-minute interval between each administration,
and compound tropicamide was administered three times,
again with a 5-minute interval between each administra-
tion. Mydriatic refraction was conducted 30 minutes after
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the last instillation, upon disappearance of the pupillary
light reflex.

Intraocular pressure examination

Intraocular pressure was measured using a non-contact
tonometer (CT-800, Topcon Corporation, Tokyo, Japan).
The participant was instructed to place their chin on the
chin rest and press their forehead against the headrest,
aligning the eye with the examination nozzle at the ap-
propriate height. The instrument’s focal length was then
aligned with the examined eye. The patient was asked to
keep their eyes open and focus on the yellow-green fixation
target inside the instrument. When the bright focal point
within the pupil was clearly aligned with the instrument’s
focal point, the nozzle automatically emitted a puff of air.
This measurement was repeated three times per eye, and
the average value was recorded.

Corneal endothelial cell count examination

Corneal endothelial cell count is considered a reliable in-
dicator of corneal hypoxia. It also serves as a key safety
assessment parameter for ortho-k lenses during follow-
up examinations. Here, the examination was performed
using a non-contact specular microscope (SP-1P, Topcon
Corporation). The chin rest was adjusted to position the
patient’s examined eye within the imaging aperture. The
patient was instructed to keep their eyes open and focus
on the fixation light within the instrument. The examiner
adjusted the working distance to achieve a clear image and
then captured it to complete the measurement.

Fitting method and recheck

All patients were fitted with either spherical or aspheri-
cal ortho-k lenses designed by Beijing Eyebright (made of
fluorosilicone-acrylate material, oxygen permeability Dk
value of 125 x 10 — 11 [cm?*/s]*[mLO,/(mL x mmHg)]),
with a central optical thickness of 0.22 mm. All ortho-k
lens users wore them continuously at night for 8-10 h and
cleansed and soaked their lenses daily with a multifunc-
tional solution (Menicon Co., Ltd, Nagoya, Japan). The
lenses were worn continuously for 12 months, without the
use of glasses during the day. Regular examinations were
conducted at follow-ups after one, three, six, nine, and 12
months. All measurements, record keeping and patient
follow-ups were conducted by an ophthalmologist at the
time of the initial application of the ortho-k lenses and
throughout subsequent follow-up visits.

AL during baseline examination and follow-up (six and 12
months) were recorded.

Statistical analysis

All data were statistically analyzed using IBM SPSS
Statistics, Version 26.0 (IBM Corp., Armonk, NY, USA).
Measurement data were expressed as mean + standard
deviation (x * s), and a paired-sample t-test was used for
comparing the parameters of both eyes. Enumeration data
were expressed as the number of cases (n) and rate (%),
and the chi-squared (x?) test was used for the intergroup
comparison. A univariate analysis was performed on the
fellow eyes of all patients to evaluate the correlation be-
tween baseline variables and changes in AL in these eyes.
Factors showing a p < 0.05 in the univariate analysis were
then entered into a multivariate regression model, with
fellow eye AL change as the dependent variable. The cor-
relation strength was expressed by beta ((3) value, 95% con-
fidence interval, corrected R? value and p value. The level
of significance was set at a = 0.05. There were no changes
in personnel at baseline and subsequent follow-ups, and
there were no participants with refractions < -0.5 D (as
myopia is irreversible) and no adverse events.

Ethics: This study was conducted in accordance with the
Declaration of Helsinki and approved by the ethics com-
mittee. This was a prospective study and all participants (or
their guardians) signed an informed consent form before
the start of the study.

RESULTS
Baseline data

As shown in Table 1, 81 patients with unilateral myo-
pic anisometropia were recruited, with an average
age of 11.08 £ 2.57 years. The corrected myopic eye
group had SE, IOP, AL and endothelial CD values of
-2.35+0.87 D, 18.13 + 2.61 mmHg, 24.41 + 0.29 mm
and 3,361.21 + 35.15 um?, respectively, whereas the values
for those in the uncorrected non-myopic eye group were
-0.04 £ 0.38 D, 18.02 + 2.79 mmHg, 23.37 + 0.31 mm and
3,352.53 + 37.18 pm?, respectively. Statistically significant
differences in SE (-2.35 + 0.87 vs. -0.04 + 0.38, p < 0.001)
and AL (24.41 £ 0.29 vs. 23.37 £ 0.31, p < 0.001) between
the two groups.

Table 1. Comparison of baseline data of patients before wearing ortho-k lenses

473

Outcome measures Item CO"ECtg]d:"gf;Plc eye ;J;;;rcrz;teegnn:g;) W/t p
SE/D -2.35+0.87 -0.04+0.38 24.453 | <0.001
Baseline data were collected for analysis,  [iop/mmng 18.13+261 18.02+2.79 0289 | 0.773
including age at the initiation of ortho-k  [a//mm 24.41+029 2337+031 24622 | <0.001
lens wear, sex, SE refraction at baseline Endothelial CD/(cells/mm?) 3361.21 +35.15 3352.53 +37.18 1.705 | 0.090

(SE = spherical diopter + 1/2 astigmatism),
IOP and cell density (CD). The changes in
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SE - spherical equivalent; IOP — intraocular pressure; AL — axial length; CD - cell density
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Table 3. Changes of axial length difference between eyes of patients after wearing ortho-k lenses

Axial length changes

The change in AL is defined as the difference between the
AL at the follow-up time point and the baseline AL. As
shown in Table 2, the changes in AL at six and 12 months
for the corrected myopic eye group were 0.07 = 0.04 and
0.15 + 0.07 mm, respectively. In contrast, the changes in
AL for the uncorrected non-myopic eye group at six and
12 months were 0.18 + 0.07 and 0.33 + 0.11 mm, respec-
tively. The change in AL in the uncorrected non-myopic
eye group was significantly greater than that in the cor-
rected myopic eye group at both the six-month (0.07 + 0.04
vs. 0.18 £ 0.07, p < 0.001) and 12-month (0.15 £ 0.07 vs.
0.33 £ 0.11, p < 0.001) follow-ups, with statistically sig-
nificant differences.

Table 2. Changes of axial length after one year of wearing ortho-k
lenses (mm)

Wearing ortho-k | Wearing ortho-k

Group lenses for six lenses for 12

months months
Corrected myopic eye 0.07 +0.04 0.15+0.07
(n=81)
Uncorrected non-myopic 0.18+0.07 0334011
eye (n=81)
t 13.712 13.874
p < 0.001 <0.001

The interocular AL difference was defined as the dif-
ference in AL between a participant’s eyes. The change in
this difference over time was defined as a positive change
if the difference increased and a negative change if it de-
creased. Before wearing corrective lenses, the average
difference in AL between the eyes was 1.03 + 0.33 mm
(Table 3). After wearing lenses for six and 12 months, the
AL of the corrected myopic eye group was 24.48 + 0.35
and 24.56 + 0.31 mm, respectively, and that of the un-
corrected non-myopic eye group was 23.55 + 0.24 and
23.7 + 0.22 mm, respectively. The ocular AL differences
in both eyes were 0.94 + 0.28 and 0.86 + 0.19 mm, with a

WangT. et al.

change of -0.10 £ 0.08 and -0.18 + 0.13 mm, respectively.
After wearing lenses for six and 12 months, the AL dif-
ference between eyes gradually decreased (0.94 £ 0.28 vs.
0.86 £ 0.19, t =2.376, p = 0.018), and the change in AL
difference (-0.10 + 0.08 vs. -0.18 + 0.13, p < 0.001) was
statistically significant.

Univariate analysis results

Univariate analysis was conducted, with baseline non-
myopic eye SE, non-myopic eye IOP, and non-myopic eye
endothelial CD as independent variables, and non-myopic
eye AL growth as the dependent variable. As shown in
Table 4, a significant statistical correlation was found be-
tween baseline SE of non-myopic eyes (p < 0.001) and AL
increment in those eyes.

Multivariate analysis results

A multiple regression analysis was performed with baseline
age and fellow eye SE as independent variables and fellow
eye AL change as the dependent variable. As shown in
Table 5, baseline SE was positively correlated with non-
myopic eye AL growth (f = 0.073, p = 0.002).

Table 5. Multivariate linear regression analysis between different
variables and axial length growth of the uncorrected non-myopic eyes

Variable B p 95% Cl
SE 0.073 0.002 0.027,0.122
Final model R?=0.296 | Corrected R?=0.284

SE - spherical equivalent

DISCUSSION

Recent years have witnessed a high and rising preva-
lence of myopia among minors in China, and a portion
of the myopic population develops anisometropia [8].
As the age increases and the degree of myopia deepens,
both the prevalence and severity of
myopic anisometropia increase [17].
Anisometropia-induced unequal vi-

ltem Wearing ortho-k Wearing ortho-k ‘ sual input and blurred vision can
lenses for six months | lenses for 12 months P impair visual function, potentially
Axial length of the corrected 2448 +0.35 2456+ 0.31 leading to monocular suppression,
myopic eye group (mm) . . . .
Axial length of the uncorrected strabismus, impaired stereopsis and
non-myopic eye group (mm) 23.55+£024 23.70+0.22 amblyopia [23]. Therefore, early cor-
: . rection of anisometropia to control
Difference in axial length of both 0.94+028 0.86+0.19 2376 | 0018 | . o pra o ¢
eyes (mm) its progression is crucial. Unilateral
(Cnﬁran")ge in axial length difference -0.10+0.08 -0.18+0.13 5267 | <0001 | MYyopic anisometropia ~ defined
as anisometropia where one eye is

Note:’-"means that the difference has decreased.

Table 4. Univariate linear regression analysis between different variables and axial length growth of

the uncorrected non-myopic eyes

myopic and the fellow eye is almost
emmetropic — represents a specific
form of anisometropia. For manag-

Variable Mean value B R? | Corrected R? p 95% Cl ing anisometropia, particularly in
SE/D 232+0.84 0.074 | 0.18 0.16 <0.001 | 0.027,0.129 eyes with re]atively high myopia,
IOP/mmHg 18.74+2.66 | 0.013 | 0.097 0.082 0.577 | 0.003,0.023 ortho-k lenses have demonstrated
Endothelial CD/um? | 3375.24 +35.86 | -0.002 | 0.061 0.044 0.524 | -0.005, 0.000 superior efﬁcacy to low-concentra-

SE - spherical equivalent; IOP — intraocular pressure; AL - axial length; CD - cell density

DOI: https://doi.org/10.2298/SARH250323075X

tion atropine in controlling myopia
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progression [24]. Therefore, for minors with monocular
myopia, ortho-k lenses are usually chosen as a means to
correct and control myopia.

Orthokeratology lenses are rigid gas-permeable cor-
neal contact lenses with a reverse-geometry design. When
worn overnight, they induce changes in corneal morphol-
ogy. This induces myopic defocus in the peripheral retina,
thereby potentially slowing axial elongation and myopia
progression. Additionally, ortho-k lenses can improve ac-
commodative function and reduce accommodative lag
[25]. The improvement of accommodation lag in myopic
eyes following the use of the lenses also plays a role in
delaying the growth of AL.

This study showed that the AL of the eyes increased
after wearing lenses for six months and 12 months com-
pared with baseline, and that the AL of non-myopic eyes
increased more obviously than that of corrected myo-
pic eyes (six months: 0.07 0.04 vs. 0.18 0.07, t = 13.712,
p <0.001) and (12 months: 0.15 + 0.07 vs. 0.33 + 0.11,
t =13.874, p = < 0.001). However, the AL difference of
both eyes gradually decreased (0.94 £ 0.28 vs. 0.86 £ 0.19,
t =2.376, p = 0.018). While ortho-k lenses effectively
controlled myopia progression in the treated eyes, the re-
fractive error of the non-myopic eye progressed rapidly
towards myopia. This suggests that the reduction in in-
terocular refractive difference following ortho-k lens wear
may result not only from slowed myopia progression in
the treated eye but also from accelerated myopia devel-
opment in the fellow eye. A controlled study discovered
that the AL of minors with myopia wearing single-vision
frame glasses increased by 0.63 £ 0.26 mm on average in
two years, whereas that of minors with myopia wearing
ortho-k lenses increased by an average of 0.36 + 0.24 mm
in the same period, with a statistically significant difference
(p < 0.01) [26]. Compared with single-vision spectacles,
ortho-k lenses slowed AL progression by 43% [27]. Given
individual variations in genetics and visual behavior, re-
searchers employed a self-controlled design in patients
with unilateral myopia to evaluate the efficacy of ortho-k
lenses in controlling axial elongation. Related research [28]
found that the eyes treated with ortho-k experienced an av-
erage axial growth of 0.08 + 0.15 mm over a year, whereas
the contralateral eye showed a substantially faster average
axial growth of 0.39 + 0.32 mm (p < 0.001). It has been
demonstrated that with one year of ortho-k treatment, the
AL growth (0.05 + 0.19 mm) of the myopic eye in minors
with unilateral myopia was significantly less than that of
the non-myopic eye (0.34 + 0.12 mm) [28].

Univariate linear regression analyses were performed
to assess the association between the change in AL of the
fellow eye and the following independent variables: sex,

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):471-477

baseline age, baseline fellow eye SE, baseline fellow eye
IOP and baseline fellow eye corneal endothelial CD. It was
found that there was a significant statistical correlation
between baseline age (p = 0.033), baseline non-myopic eye
SE (p < 0.001) and non-myopic eye AL growth. Further
multivariate linear regression analysis showed that the
baseline age was negatively correlated with the growth of
non-myopic eye AL (f =-0.014, p = 0.031), and that base-
line non-myopic eye SE was positively correlated with the
growth of non-myopic eye AL ( = 0.073, p = 0.002). Age is
a predictive factor of axial elongation in minors with myo-
pia wearing ortho-k lenses [29]. In a related study observ-
ing 31 minors wearing these lenses, it was concluded from
single-variable and multivariable analyses that the greater
the age, the lower the increase in AL [30]. In the present
study, a larger baseline SE was significantly associated with
less AL elongation. This association may be explained by
the greater degree of peripheral retinal myopic defocus
induced by ortho-k lenses in patients with high myopia,
which more effectively impedes myopia progression [31].

This study has certain limitations. First, there was se-
lection bias in the collection of the participants, limiting
the applicability of the results. Second, a small sample was
included, and larger samples and multicentre studies are
still needed to provide a stronger basis. Finally, a limited
number of independent variables were included in the
process of exploring the factors influencing AL, and the
impact of indices such as corneal curvature, astigmatism
and central corneal thickness was not considered.

CONCLUSION

While ortho-k lenses function well in controlling the
growth of AL of the myopic eye in minors with unilateral
myopic anisometropia, they accelerate the progression of
myopia in the contralateral non-myopic eye. Minors with
monocular myopia who are of a younger age and have
greater SE diopter at baseline will develop myopia faster
in the contralateral eye following correction with ortho-k
lenses.
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JyropouHu edpeKTn KopeKLmje MOHOKYNapHe MUONUYHE aHU3OMETPONMje Ha
HEKOpPUroBaHy aKCMjasiHy AY}KUHY OKa KOA ManoseTHUKA U GaKTopu HeHor yTULaja

TuHrTUHr Banr!, JuhyaH Banr!, XoHr lyaH', Jywun Cjy?

'bonHuua 3a optanmonorujy,Mypyn” y Xedenjy, Onemerse 3a opranmonorujy, Xedej, Anxyej, KnHa;
*[ipyra npuppy*eHa 6onH1La MegnumHcKor yHnBep3uTeTa AHxyej, Opnerserbe 3a odranmonorujy, Xedej, AHxyej, KnHa

CAXETAK

Yeog/Lwb Linmb oBor paga 610 je aa ucnuta ayropoyHe edexre
KOpeKLVje MOHOKYTapHe MVOMuje OPTOKEPaTONOLKUM (0pTO-K)
couvBMMa 1 GpaKkTope Koju yTUy Ha MPOMEHe aKcmjanHe JyKu-
He (Al) y HeKOp1roBaHOM OKY KO ManoneTHUKa.

MeTtope Y cTyanjy je ykibyyeH 81 naymjeHT ca MOHOKYIApHOM
MVOMMjOM KOju je NPBY NYT KOPUCTNO OPTO-K coumBa. Oun Koje
Cy KOp/roBaHe OpTO-K COUMBMMA CBPCTaHe Cy Y MUOMUYHY rpy-
ny, BOK Cy KOHTpanaTepanHe HeKOprroBaHe oun CBpCTaHe y
HEMMONWYHY rpyny.

3abenexeHe cy npomeHe Al of, MOYETHOT MEpPeH-a 0 KOHTPOJI-
HWX Nperneaa, a YHBapujaHTHe U MyNTUBapUjaHTHe NHeapHe
perpecroHe aHanm3e BpLUeHe Cy ceKBeHLjanHo faa bu ce nc-
Tpaxuna Kopenaumja n3mehy noyeTHVX NnapameTapa U NPoOMeHa
Al y HeKopvroBaH1Um oyrma.
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Pesyntatu HakoH Holuerba opTo-K coumsa 6 1 12 meceun, ALl
Y KOPVroBaHoj rpynu ca M1onujom nsHocuna je 24,48 £ 0,35 n
24,56 £ 0,31 mm, fok je A[l Ko HeKOpVroBaHe HEMUOMHE rpyne
6vna 23,55 + 0,24 1 23,7 + 0,22 mm. HakoH 6 1 12 mecewy, Npo-
MeHa Al 6vna je Beha y HeKoprUroBaHoj HEMUOMMYHO]j FpynK
Hero y Kop1roBaHoj MmonmyHoj rpynu (p < 0,001), a pasnuka
y ALl n3mehy aBa oka ce nocteneHo cmamuBana (t = 2,376,
p =0,018). MpomeHa paznuke AL (-0,10 + 0,08 vs. -0,18 + 0,13,
p < 0,001) 6rna je CTaTUCTUYKM 3HaYajHa.

3akmbyuak OpToKepaTosoruja ybp3aBa nporpecujy mvuonuje
KOA KOHTpanaTtepasHyux HemuonuyHux ounjy. Mnaha peua ca
MOHOKY/IapHOM M1onujom 1 Behom chpepHOM eKBHBaNIEHTHOM
AnonTpujom 6pxe he pa3BuTy Monujy y KOHTpanaTepasHom
OKY HaKOH KOpeKLiMje OpTOo-K COUMBUMA.

KrmbyyHe peun: optokepaTtonoruja; jegHoCcTpaHa MMOMNUYHA
aHV30MeTPONKja; akcujanHa AyK1Ha ouHe jabyunue
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SUMMARY

Introduction/Objective Breast masses are uncommon in children and adolescents. Fortunately, most
of these breast lesions are benign, self-limiting changes, although malignant diseases have also been
described. The largest proportion of young patients are diagnosed with fibroadenoma. However, biopsy
and histopathological examination are necessary in all suspected cases to exclude malignancy.

This study aims to highlight the importance of the diagnosis and treatment of breast masses, as well as
the possibility of developing malignant breast disease at this age, by presenting our case.

Methods We analyzed data from 27 patients who presented to our clinic in the two-year period. Breast
ultrasound was performed on all patients presenting with pain and breast oedema. The breast masses
were classified using the Breast Imaging Reporting and Data System (BI-RADS).

Results The median age of the 27 female patients was 15.44 + 1.39 years, with breast masses mostly
located on the right side in 16 (59.26%) patients, and the prevalence of BI-RADS Ill in 18 (66.66%) patients.
Only two patients (7.4%) were reported as BI-RADS IV and seven (25.92%) as BI-RADS II. The most com-
mon mass lesions were fibroadenoma (20/27, 74.07%), benign phyllodes tumour (3/27, 11.11%), and
hematoma, abscess, and juvenile papillomatosis (1/27, 3.7%), respectively. Breast cancer was diagnosed
in one case (3.7%).

Conclusion Primary breast cancer is relatively uncommon in adolescents. However, clinicians should
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consider breast cancer in the differential diagnosis of a breast mass in adolescence.
Keywords: breast mass; carcinoma; puberty; adolescents

INTRODUCTION

With a prevalence of 3.2%, breast masses
are uncommon in children and adolescents.
Fortunately, most breast lesions that arise in
this age group are benign, self-limiting changes,
although malignant diseases have also been
described. Ninety-five per cent of surgically
removed breast masses in children are benign
tibroadenomas, and only 0.02% are malignan-
cies [1, 2, 3]. The differential diagnosis of breast
masses includes fibroadenoma, phyllodes tu-
mor, hemangioma, abscess, and primary breast
cancer. Early clinical evaluation and careful
follow-up are necessary to rule out malignancy.
A detailed history, clinical examination, and
meticulous breast palpation are crucial in the
follow-up for girls with breast masses.

The best screening tool for characterizing
the breast lesion and detecting the presence of
solid and cystic masses in adolescent girls and
teenagers without exposing them to radiation
is ultrasound (US). A fixed solid mass with nip-
ple discharge and nipple retraction raises sig-
nificant concern for cancer. Mammography is
rarely used in adolescents due to the dense na-
ture of breasts, which significantly reduces the

sensitivity of this examination. Fine-needle as-
piration (FNA) can provide a cytopathological
diagnosis. Magnetic resonance imaging (MRI)
is the most reliable method for suspected ma-
lignancy or disseminated disease cases [4].

There have been 39 published cases of pri-
mary breast cancer in pediatric patients [2, 5].
Primary breast cancer is sporadic in children
and adolescents, with a frequency of one in
1,000,000 [6]. Younger patients are more likely
to have a large mass at the time of breast cancer
diagnosis, characterized as a firm, fixed, poorly
defined lump. Breast retraction and axillary
metastases are uncommon.

In patients with breast malignancy, an in-
dividualized therapeutic plan is required. This
principle is based on considering hereditary fac-
tors, future fertility, tumor type, and the pres-
ence of axillary and distant metastases. Surgical
excision of a breast mass is recommended in
the case of fast-growing masses with altered
architecture of the breast parenchyma, as well
as in tumors larger than 5 cm, even if they have
fibroadenoma characteristics on US [6].
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Aim

The study aimed to highlight the importance of timely
diagnosis of breast masses in puberty and adolescence,
as well as to describe the frequency of malignant breast
disease at this age. Consequently, the goal was to define the
sequence of diagnostic procedures and therapeutic options.

RESULTS

The median age of 27 female patients was 15.44 + 1.39
years. The breast masses were mostly on the right side in
16 (59.26%), with statistical significance (p < 0.05), and
a prevalence of BI-RADS IIT in 18 (66.66%) (p < 0.05).
Additionally, only two patients (7.4%) were reported as
BI-RADS IV and seven (25.92%) as BI-RADS II (Table 1).

479

METHODS Table 1. Distribution of breast masses by age, side, and BI-RADS classification
Age Side BI-RADS classification
The 41 patients were identified by searching electron- Years | N % Left N (%) | Right N (%) N (%)
ic records in the local medical information system Il 1] v
using the terms “breast,” “mass,” and “female” within | 13 3. 1 137) 2(74) 2(74) 13.7) 0
a two-year interval (January 2021 - December 2023), 14 5 | 1851 2(7.4) 3(11.11) 2(7.4) 3(11.11) 0
according to the requested terms, and all of them had | 15 5 | 1851 2(7.4) 3(11.11) | 13.7) | 4(14.81) 0
at least 12 months of follow-up. Of these, 14 individu- 16 5 | 1851 | 3(11.11) 2(7.4) 2(7.4) 2(7.4) 1(3.7)
als were excluded from the study: 10 were diagnosed | 17 9 | 3333 | 3(11.11) | 6(2962) 0 8(2962) | 1(3.7)
through clinical examination and US, but there was | 227,100 11(40.74) | 16 (59.26)* | 7 (25.92) | 18 (66.66)* | 2 (7.4)
no increase in breast mass over the 12-month follow- | X£5D15.44+1.39 p-values < 0.05* p-values < 0.05*

up period; therefore, biopsy and histopathological ~ BI-RADS - Breast Imaging Reporting and Data System

(HP) examinations were not performed, and four
patients rejected the biopsy. Finally, 27 participants
were enrolled in the study and analyzed.

An expert ultrasonographer performed all US examina-
tions. Patients were in the supine position, using high-res-
olution linear probes (16 MHz) (ACUSON NX3, Siemens,
Healthineers, Mountain View, CA, USA). The radiologist
examined the breast in four quadrants, the nipple, and the
axilla. When suspicious changes were detected, several im-
ages were taken in different planes, and the exact location
and size of the lesions were defined. After the completion
of bilateral examinations, the images were archived on the
hard drive. The breast masses were classified using the
Breast Imaging Reporting and Data System (BI-RADS)
criteria established by the American College of Radiology
(BI-RADS 0: incomplete; BI-RADS 1: negative; BI-RADS
2: benign; BI-RADS 3: probably benign; BI-RADS 4: suspi-
cious for malignancy; BI-RADS 5: highly suggestive of ma-
lignancy; BI-RADS 6: known biopsy-proven malignancy).

Statistical analysis

A database was generated in MS Office Excel (Microsoft,
Redmond, WA, USA) and processed using IBM SPSS
Statistics software (IBM Corp., Armonk, NY, USA).
Continuous variables are shown as means + standard de-
viation (SD). Categorical variables were reported as simple
numbers and percentages (n, %), with p-values < 0.05 in-
dicating statistical significance.

Ethics: The study received approval from the Review Board
of the Kosovska Mitrovica Clinical-Hospital Centre Ethics
Committee, Kosovska Mitrovica, Serbia, on February 22,
2024 (No. 1361).
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A total of 27 patients underwent breast mass excision,
and excised tissue samples were sent for HP examination.
Table 2 summarizes the breast mass distribution based on
age, size, side, HP examination, and tumor type (benign
or malignant). Fibroadenomas (FA) were found in 20
(74.07%) patients, benign phyllodes tumor in 3 (11.11%),
and hematoma, abscess, and juvenile papillomatosis in one
patient (3.7%), respectively, which was statistically signifi-
cant (p < 0.05) (Table 3). Breast cancer was diagnosed in
only one case (3.7%), in a 16-year-old girl.

A 16-year-old girl was admitted to the Department
of Pediatric Surgery due to a palpable mass, swelling,
and redness in the enlarged right breast. A huge breast
mass was observed in the upper outer quadrant, with a
prominent venous pattern and lobulated surface, with-
out nipple discharge from the nipple (Figure 1). The girl
was diagnosed with schizoaffective disorder, according to
the International Classification of Diseases (ICD) ICD-10
F25.9, and had a very poor interaction with her guardians
in the foster family. Because of this, she did not report a
mass in her breast for months until it became visible to the
people around her.

The skin above the tumor and lymph nodes in the
anterior part of the right axilla were fixed. There was no
family history of breast or ovarian cancer, nor had there
been any previous radiation exposure. Secondary sexual
features were normally developed. The findings in the left
breast and axilla were normal. The ultrasound assessment
of the abdomen, chest, cranium, and spine revealed no
abnormalities.

Ultrasound examination revealed a hypoechogenic tu-
morous formation 81 x 98 mm, with irregular morphology
and shape, unclear margins, increased rim vascularization,
and no calcifications (BI-RADS IV). Ipsilateral axillary
lymph nodes were enlarged up to 25 mm (Figure 2).
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Table 2. The age, side, size, classification, HP diagnosis, and type of malignancy of all breast

lesions in 27 female patients

Elek Z. et al.

Oncology Council, and chemotherapy was
started. The patient was in good condition

L - left; R - right; BI-RADS - Breast Imaging-Reporting and Data System; Ph — pathophysiological

Table 3. Distribution of the surgical patients according to tumor type

Tumor type N %
Fibroadenoma 20 74.07*
Phyllodes tumor 3 11.11
Hematoma 1 3.7
Abscess 1 37
Juvenile papillomatosis 1 3.7
Breast cancer 1 37
z 27 100
*p <0.05

US examination of the contralateral breast, as well as the
entire abdomen, was normal. Due to the high suspicion of
malignancy on clinical and US examination, a core-needle
biopsy was performed. The specimen was sent for HP ex-
amination. The result of the pathohistological finding was
ductal adenocarcinoma.

Immunohistochemistry was used to evaluate the expres-
sion of estrogen (ER) and progesterone receptors (PR).
The tumor was ER- and PR-negative. Considering the type
of tumor, age, and negative family history, a segmental
mastectomy with axillary dissection was performed. The
resection margins were clean, without malignant cells.

Histopathological examination confirmed ductal car-
cinoma with metastases in all 22 excised lymph nodes
(Figure 3). On the seventh postoperative day, the patient
was discharged home and referred to the Breast Cancer

‘ DOI: https://doi.org/10.2298/SARH240507079E

No.| Age Sl_idlf | B'-.Ff{g‘\D$ Size ;"P ) Tumor three months after the operation, but she
years) | L/R | classification | (mm) | diagnosis type had only one follow-up with the Pediatric
1 16 L 1 27 % 36 | Fibroadenoma complex mammae | Benign . .
- — - Surgery Department, with no evidence of
2 17 R n 33 x 35 | Fibroadenoma juvenile mammae Benign .
3T i m 2 x 28 | Fibroad Beni recurrence. Fifteen months after the sur-
ibroadenoma mammae enign S
. 9 gery, by which time she had reached adult-
4 15 R I} 29 % 31 | Fibroadenoma complex mammae Benign K .
- hood, the patient was admitted to General
5 14 L 11 44 x 52 | Haemathoma mammae Benign S . diti ith
6| 17 R 11 59 x 48 | Tu phyllodes mammae benignum | Benign Urgery in a very poor condition ‘.Nl e
5 - currence of the breast tumor. She died after
7 17 R 1 53 x 32 | Tu phyllodes mammae benignum | Benign few d
8 17 R 1 44 x 41 | Fibroadenoma complex mammae | Benign a few days.
9 17 R 1l 35 x 39 | Fibroadenoma mammae Benign
10 13 R Il 29 x 40 | Fibroadenoma juvenile mammae Benign
1 16 R v 81 x 98 | Carcinoma ductale mammae Malignant DISCUSSION
12 15 R i 21 x 23 | Fibroadenoma juvenile mammae Benign
13| 14 R I 19 x 22 | Fibroadenoma juvenile mammae | Benign Breast changes are uncommon in young
14| 16 L I 18 x 23 | Fibroadenoma juvenile mammae | Benign children and pubertal girls, but up to 3%
15| 14 R I 21 x 22 | Fibroadenoma mammae Benign of adolescents may develop a breast lesion
16 13 R 1] 30 x 32 | Fibroadenoma mammae Benign before adulthood. When they occur, they
17 15 | L i 18 x 22 | Fibroadenoma mammae Benign are associated with tremendous stress for
18] 17 | L Il 34 x 24 | Fibroadenoma mammae Benign patients and family members.
19| 17 L \% 55 x 48 | Juvenile papillomatosis Benign FA is a benign lump formed by the
20| 16 L I 44 x 39 | Fibroadenoma complex mammae |  Benign proliferation of connective tissue stroma
21| 15 R Il 40 x 35 | Fibroadenoma juvenile mammae | Benign in the breast lobules. It accounts for 91%
22| 14 R n 19 x 23 | Fibroadenoma juvenile mammae | Benign of all solid breast masses in girls under 19
23| 13 L Il 22 % 36 | Abscessus mamme Benign [3, 4, 6], which completely correlates with
24| 15 L n 32 x 26 | Tu phyllodes mammae benignum | Benign the results of our study. Usually, these es-
25 17 D 11l 44 x 39 | Fibroadenoma mammae Benign trogen-sensitive tumors are not detected
26 16 D Il 43 x 40 | Fibroadenoma mammae Benign before puberty. FA can be Simple or com-
27 17 L 1] 34 x 32 | Fibroadenoma mammae Benign pleX‘ Complex FA include Cysts) Sclerosing

adenosis, and epithelial calcifications in the
papillary regions. They are more common
among older teenagers and adolescents with a slightly
higher chance of developing breast cancer [7]. Usually, FA
is clinically “silent” and manifested by accidental palpation
of the tumor mass that is most often first noticed by the
patient. If a clinical diagnosis of FA cannot be made, a US
examination is required for additional study. It is a precise,
non-invasive tool that does not require ionizing radiation
exposure. FA is a fast-developing tumor that distorts the
surrounding skin. The presence of the breast mass can
be extremely frustrating for children and parents, and the
most common reason to insist on its surgical removal.
Children’s breast lesions are treated differently depend-
ing on the type of lesion, its size, location, features, and
whether it is benign or malignant. If FA and other benign
breast lesions in children are small, asymptomatic, and not
expanding, ultrasound follow-up is sufficient [8]. When
benign breast lesions are growing, causing pain or dis-
comfort, or creating cosmetic issues, surgery is necessary,
favoring excisional biopsy as a minimally invasive surgi-
cal approach that can be used to remove the lesion while
protecting breast tissue [9]. According to recently released
American Pediatric Surgical Association guidelines, low-
risk breast lesions < 5 cm that show ultrasound evidence
of FA should be monitored only 6-12 months, since there
is no chance of recurrence. Postoperative surveillance does
not raise the risk of developing breast cancer again after
complete excision [8].
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Figure 1. Clinical presentation of the breast mass in the right breast
in a 16-year-old girl

node

Figure 3. Histopathological findings; A: clusters of tumor cells in the stroma showing retraction, surrounding edema, and moderate mixed
inflammatory infiltrate (H&E, 100 X); B: marked pleomorphism of cells, irregular distribution of chromatin with prominent nucleoli (H&E, 200
X); C: extensive zone of necrosis in the tumor parenchyma (H&E, 400 x); D: border between preserved breast tissue and tumor-altered tissue
(H&E, 400 x); E: lymph node parenchyma almost completely replaced by metastatic tumor tissue with spread into the node capsule, without

perinodal tissue invasion (H&E, 200 x); F: lymphovascular invasion (H&E, 200 x)

Primary breast cancer under the age of 18 is extremely
uncommon in girls, with only cases in boys also reported
in the literature [4].

Until the year 2000, Murphy et al. [11] described 38
cases of primary breast cancer in girls aged up to 19 years,
while in the period 2000-2015, a total of 18 patients were
recorded, of which the most common type was ductal
breast cancer. The literature has proven the existence of
several risk factors that influence the development of breast
cancer: a strong family predisposition (diagnosed breast
cancer in a close female relative, mother, daughter, or sis-
ter), genetic mutations (BRCA1/BRCA2), or earlier radia-
tion [12, 13]. Patients who receive radiation therapy for

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):478-483

pediatric chest cancers are more likely to get breast cancer
in the future. Breast tissue is most severely damaged by
radiation therapy between the ages of 10 and 16, when it is
developing to its fullest. After 20 years, about 40% of girls
who received radiation therapy for Hodgkins [ymphoma
and thyroid cancer may develop breast cancer. It has been
proven that all types of ionizing radiation, regardless of
origin (both as part of radiation treatment for primary
carcinoma and during wartime activities), can cause the
development of secondary tumors [1, 14-17].

The most prevalent primary breast cancer in children,
secretory adenocarcinoma, was found in 31 out of 39 cases
(84%) [18]. Secretory adenocarcinoma is presented as a
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well-defined cystic formation with a thickened capsule
during ultrasound examination. The clinical characteristics
of this tumor are significantly different in children com-
pared to the adult population. Namely, the tumor shows
benign clinical characteristics and prolonged growth,
which, combined with the ultrasound findings, can mis-
lead the clinician into believing it is benign [12].

Medullary and inflammatory carcinomas are far less
common malignancies in children, but they are much more
aggressive and have a higher mortality rate. Children with
breast cancer rarely develop axillary metastases, as was
the case with our patient. If axillary metastases are found,
they seldom involve more than three lymph nodes in the
axilla [19, 20].

Similar to adult breast pathologies, benign cysts, phyl-
lodes tumors, sarcoma, lymphangioma, hemangioma, in-
traductal papilloma, fibroadenoma, abscesses, metastatic
malignancy, or galactoceles in young boys are all included
in the differential diagnosis for pediatric breast alterations
[21, 22]. In our study, two patients had breast masses un-
related to breast epithelium and fibrous tissue. One girl
had a hematoma with a US presentation consistent with
BI-RADS III, while a 13-year-old girl with a breast mass
on the left side presented in the US as BI-RADS II.

The diagnosis of breast cancer in children is usually
delayed due to the non-specific clinical picture and the
low degree of suspicion of malignancy. Therefore, medi-
cal history and clinical evaluation are essential. As the
tirst diagnostic tool, the US provides the best image for
pediatric patients. According to the Expert Consensus
Recommendations of the APSA Cancer Committee, FNA
is essential for pathological diagnosis, for masses larger
than 3 cm in diameter, and in all suspected cases [8], al-
though most parents insist on removing tumor alterations
even if the HP diagnosis is benign [23], as was in our case
series. Mammography is not a sufficiently specific or reli-
able method in children, due to the different composition
of the breast parenchyma compared to the adult popula-
tion [24]. MRI avoids ionizing radiation in children, but
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TymopcKe mace ojKe KOA Aeue 1 afonecueHarta — cTpax oA peTke anam moryhe

AWjarHose

3nataH Enek'?, ViBoHa Hophesuh*, lojko VrpyTtuHosuh'2, laHujena Hepuh?®, AnekcaHgap boxxosuh'?,

Crpaxutba KoHcTaHTHOBMR?
'KnuHnuko-6onHmuKkM LeHTap, KocoBcka Mutposuua, Cpbuja;

2YHuBep3auTeT y MpuwtnHm — Kococka Mutposuua, MeguumHckn dakynter, Kocoscka Mutposuua, Cpbuja;
3YHUBEP3NTETCKM KAMHUYKY LieHTap Huw, KnuHuka 3a geujy xvpyprujy, aeyjy optoneaujy v tpaymatonorujy, Huw, Cp6uja;

*YHuBep3uTeT y Huwy, MeguumuHckn dakynter, Huw, Cpbuja

CAMETAK

YBop/Lum Tymopcke npomeHe y fiojkama Cy 13y3eTHO peTke
Kop fiele 1 afonecueHata. Cpehom, BefinHa oBux npomeHa
cy 6eHurHe 1 camonummnTipajyhe, nako cy y nutepatypu onu-
CaHU U CnyyYajeBy ManMrHUX NpomeHa. Y Hajsehem npoueHTy
AnjarHocTuKyje ce pnbpoapeHoM, anu je y CBUM CyMHUBUM
CrlyyajeBMMa HEOMXOAHa G1omncUja U XMCTOMNATONOLLIKa aHan13a
pajn NCKIbyumBatba ManurHmTeTa.

Linb cTtyawje je yka3aTu Ha 3Hayaj AMjarHOCTUKe 1 TpeTMaHa
TYMOPCKMX Maca y Aojkama, umajyhu y Bugy moryhHoCT pa3Boja
MaJIMrHATETa y OBOj Y3PaCTHOj rPymnu, Kao LUTO je MPUKa3aHo y
Halem cnyuajy.

MeTtoge AHanu3vpaHu cy nogaum 27 6onecHuua Koje cy Xo-
cnuTanu3oBaHe Ha KnuHnum v neyexe y neproay of ABe rogu-
He. Kop cBux 6onecHuua ca 6010m 1 OTOKOM y Npefeny Aojke
ypabeH je yntpa3ByuHu npernea. KnacupmkoBare npomeHa y
TKMBY [0jKe BPLUIEHO je KopulhermeM cucTeEMa paguosoLLKe
Knacndukaumje npomeHa Ha gojun — Breast Imaging Reporting
and Data Sistem (BI-RADS).

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):478-483

Pesyntatu Cpeptba CTapocHa fo6 27 6onecHuLa U3Hocuna je
15,44 + 1,39 roguHa. [lecHoCTpaHe NpomeHe AnjarHoCTUKOBaHe
cy Ko 16 (59,26%) 6onecHuLa, a npomeHe KnacudrikoBaHe Kao
BI-RADS Ill kop 18 (66,66%) 6onecHuua. Kog aBe 6onecHuue
(7,4%) npomeHe cy ogroBapane ctagujymy BI-RADS IV, a kog
cepam (25,92%) ctagujymy BI-RADS Il. [aTOXMCTONOLWKOM aHa-
nun3om yTBphHeHO je Aa je Hajeeha yyecTtanoct ¢pubpoageHo-
Ma (20/27, 74,07%), cnegn 6eHvrHu dunongHu Tymop (3/27,
11,11%), a noTOM XemaTom, ancLec 1 jyBeHnnHa nanuaomaTosa
Kog no jefiHe 6onecHuue (1/27, 3,7%). KapuyHom fjojke onicaH
je'y jenHom cnyuajy (3,7%).

3akspyyak [IprmapHu KapL1HOM A0jKe je BeoMa pefak Kog,
Jeue 1 agonecueHata. Minak, yBek ce Mmopa pasmuluibaTi O
HEroBOM MOCTOjatby Y OKBUPY AndepeHLumnjanHe anjarHose
TYMOPCKMX Maca y TKMBY [0jKe Kof 6onecHuLa oBor y3pacTa.

KrbyuHe peun: TYMOpCKe NpoMeHe; KapLHoMm; my6epTeT; ago-
NecLeHTn
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Rhodococcus equi infections in HIV late presenters —
a case series and therapeutic challenges
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"University Clinical Center of Serbia, Clinic for Infectious and Tropical Diseases, Belgrade, Serbia;
2University of Belgrade, Faculty of Medicine, Belgrade, Serbia;
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SUMMARY

Introduction Rhodococcus equi is a rare but clinically relevant opportunistic pathogen, primarily affecting
individuals with compromised cellular immunity. In people living with HIV/AIDS, it typically manifests as
severe pulmonary disease. The objective of this case series is to describe the clinical features, manage-
ment, and outcomes of Rhodococcus equi infection in three men with advanced HIV/AIDS.

Outlines of cases We retrospectively analyzed three cases of Rhodococcus equi infection treated between
2004 and 2011 at the Clinic for Infectious and Tropical Diseases, University Clinical Center of Serbia, in
Belgrade. All patients were men with CD4 counts below 50 cells/mL at the time of presentation. Clinical
symptoms included prolonged fever, productive cough, weight loss, and malaise. Pulmonary involvement
was universal, with radiological findings of necrotizing pneumonia or cavitary lung abscess. One patient
developed cerebritis as an extrapulmonary manifestation. Rhodococcus equi was isolated from sputum
in all three cases and from blood cultures in two cases. All patients required prolonged hospitalization
and combination antibiotic therapy, including macrolides, carbapenems, rifampicin, and trimethoprim-
sulfamethoxazole, with antiretroviral therapy introduction. Two patients achieved long-term clinical
stability, while one had persistently low CD4 count and detectable viral load due to adherence issues.
Conclusion Rhodococcus equi in patients with advanced HIV/AIDS may cause severe pulmonary or dis-
seminated disease. Early recognition, tailored antimicrobial regimens, and careful timing of antiretroviral
therapy initiation are critical to improve outcomes in this population.

Keywords: Rhodococcus equi; HIV; AIDS; opportunistic infections; pulmonary infection; antimicrobial
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INTRODUCTION

Rhodococcus equi is an aerobic, Gram-positive,
partially acid-fast, non-spore-forming, faculta-
tively intracellular, pleomorphic coccobacillus
which was previously classified within the ge-
nus Corynebacterium [1]. Originally described
as a veterinary pathogen in foals in the 1920s,
Rhodococcus equi has since been identified in
a variety of environmental reservoirs and has
been implicated in zoonotic transmission [2].
Human infections are rare but have been in-
creasingly reported among immunocompro-
mised individuals with the capacity of causing
life-threatening conditions [1]. This pathogen
was reported in human for the first time in
1967, but since then has gained wider recog-
nition during HIV/AIDS epidemics in 1980s,
primarily due to its pulmonary manifestations
in patients with advanced immunosuppres-
sion [3]. In people living with HIV/AIDS,
Rhodococcus equi typically presents as a sub-
acute or chronic pulmonary infection, often
mimicking tuberculosis (TB) or Nocardia spp,
with radiological findings that include cavitary
lesions, consolidations, and abscess formation
[3]. In immunocompromised hosts, pulmonary
involvement occurs in up to 95% of cases, while
extrapulmonary dissemination - including
central nervous system (CNS) and soft tissue

involvement - can occur via hematogenous
spread [4]. The organism’s ability to survive and
replicate within macrophages contributes to its
pathogenicity and complicates treatment, often
requiring prolonged multidrug regimens [2].
The diagnosis is frequently delayed due to the
slow growth of the organism in cultures and re-
semblance to diphteroids on Gram stain which
is sometimes dismissed as commensal flora and
leads to misidentification, contributing to un-
derdiagnosis [3]. Moreover, treatment guide-
lines were developed in the pre-ART era and
still pose challenges due to intrinsic resistance
to many antibiotics, lack of standard regimens,
and complex interactions with antiretroviral
therapy (ART) [3].

CASE REPORTS

In this case series, we describe three male in-
dividuals living with HIV and advanced im-
munodeficiency who developed Rhodococcus
equi infections between 2004 and 2011. We
highlight their clinical presentations, microbio-
logical findings, therapeutic management, and
complications - including immune reconstitu-
tion inflammatory syndrome (IRIS) and neu-
rologic involvement — as well as long-term out-
comes. These cases emphasize the importance



Rhodococcus equi in advanced HIV infection

reporting 12-week-long symptoms
of progressive weight loss, dyspha-
gia, productive cough, and malaise.
Physical examination revealed oro-
pharyngeal candidiasis, generalized
lymphadenopathy, bilateral basal
crackles, splenomegaly, seborrheic
dermatitis, and hairy leukoplakia.
Thoracic computed tomography
(CT) scan demonstrated necrotiz-
ing pneumonia in the posterior right

Figure 1. Case 1;
thoracic computed tomography scan: (A, B) — approximately 3 cm below the tracheal bifurca-
tion, posteriorly on the right, involving the posterior half of the right hemithorax — an irregular,
infiltrative mass with heterogeneous structure and central necrosis; in the posterior caudal
supradiaphragmatic region, the pleural space is filled with fluid

Table 1. Antibiotic susceptibility testing results

hemithorax (Figure 1). Rhodococcus
equi was isolated from sputum
(growth at 4-6 days) while blood
cultures remained sterile (Table 1).
The patient was hospitalized twice.
During the first hospitalization
(21 days), he received erythromy-

- case1 | €1 | caces | cases | Case3 | Case3 cin, ciprofloxacin, trimethoprim-
Antibiotic o (SBJ;)?”i) Sputum | Blood | Sputum | Blood sulfamethoxazole, and terbinafine,
Penicillin G . - . . 2 2 resulti.ng in partiaI. pneumonia
Ampicillin F - i - R R resolution. He was discharged afe-
Amoxicillin - - . - 5 R brile and clinically stable, but ART
Amox + B-lactamase was not initiated due to unresolved
inhibitor R . . - . . insurance status. Twenty days later,
Piperacillin R - - R R R ART was started. After 15 days, the
Piperacillin-tazobactam . i i i i R patient developed fever, respiratory
Cefotaxime . - . . 2 2 symptoms, a.nd.fati'gue, requiripg a
Ceftazidime - - R R R second hospitalization. He received
Cefepime - : - - : - dual macrolide-fluoroquinolone
Ceftriaxone = s 5 5 5 = therapy for 53 days, with gradual im-
Cefuroxime N N i R - - provement. Pulmonary TB was ex-
Cefaclor - - - i R R cluded, ART was temporarily inter-
Meropenem S N S S S S rupted and later resumed, and IRIS
Imipenem S - S S S S was suspected but not confirmed.
Erythromycin S - S S S S The patient was discharged in good
Azithromycin R _ _ _ _ _ clinical condition. At follow-up, he
Clindamycin B _ s R R R remained alive, with CD4 count of
Chloramphenicol S B _ B S 5 190 and suppressed viral load at the
Vancomycin S - S S S S most recent check-up in 2024. The
Ciprofloxacin S - S S S 5 patient resided in an urban area and
Gentamicin - - B - S S reported no known occupational or
Amikacin R - S R S s environmental exposure risks, nor
Trimethoprim- 5 i . . . 5 any contact with domestic or farm
Sulfamethoxazole animals.

Rifampicin R - S R S
S - susceptible; R - resistant; - — not tested or not reported; sample types: sputum - respiratory sample; Case 2

blood - blood culture result

of early recognition, tailored antimicrobial strategies, and
careful timing of ART initiation in the management of
Rhodococcus equi infections in people living with HIV.

Case 1

A 40-year-old male was diagnosed with HIV in 1994
but did not seek medical care or initiate ART until 2004,
when he presented with advanced immunosuppression:

CD4 cell count was cells/mm?, viral load unavailable),

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):484-489

A 43-year-old male was diagnosed
with HIV and Rhodococcus equi infection concurrently in
2004. At presentation, he was ART-naive with profound
immunosuppression (CD4: 4 cells/mm?, viral load not
available). He reported 12-week-long history of fever
higher than 38°C, hemoptysis, weight loss, and malaise.
Clinical examination revealed hepatomegaly and tachy-
cardia. Imaging revealed right-sided pulmonary infiltrates.
Rhodococcus equi was isolated both from blood cultures
and sputum (Table 1). During hospitalization, the pa-
tient developed sudden-onset right-sided hemiparesis.
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Figure 2. Case 2;

A - thoracic computed tomography: right-sided pulmonary infiltrates; B — brain magnetic reso-
nance imaging (MRI): coronal T2-weighted fluid-attenuated inversion recovery MRI showing a
hyperintense lesion in the left basal ganglia, consistent with cerebritis

Figure 3. Case 3;
thoracic computed tomography: (A, B) - the entire lower lobe of the right lung is occupied by
a large liquefied lesion containing air, measuring approximately 10 x 20 cm in cross-section - a
lung abscess; a small pleural effusion is visible in the right basal pleura

Brain magnetic resonance imaging (MRI) revealed a T2-
weighted imaging with a fluid-attenuated inversion recov-
ery hyperintense lesion in the left basal ganglia, without
mass effect, restricted diffusion, or contrast enhancement,
findings consistent with cerebritis, presumed to result from
septic embolic dissemination of Rhodococcus equi. Initial
antimicrobial therapy consisted of erythromycin, rifampi-
cin, and trimethoprim-sulfamethoxazole for 30 days, with
modifications according to clinical response and suscep-
tibility. ART was initiated during hospitalization. Lumbar
puncture revealed normal cerebrospinal fluid (CSF) find-
ings, and Rhodococcus equi was not isolated from CSF. A
follow-up brain MRI was not performed, as the patient
achieved complete neurological recovery without sequel-
ae. At follow-up, viral load remains undetectable, and the
latest CD4 count was 348 cells/mm?®. Considering socio-
epidemiological data, patient resided in an urban area and
reported no occupational or environmental exposure risks,
although had regular contact with domestic animals (poul-
try, swine, cats, dogs).

Case 3

A 32-year-old male was diagnosed with HIV in 2003 and
initiated ART which he discontinued in 2008. In 2011, he
was presented at our Clinic due to eight weeks of progres-
sive cough, dyspnea, diarrhea, weight loss, and fever up
to 39°C. At that moment, CD4 count was 5 cells/mm?,
and HIV viral load was 138,531 copies/mL. Examination

‘ DOI: https://doi.org/10.2298/SARH250629065G

revealed tachycardia, hepatospleno-
megaly, and crepitations in the right
thorax. Chest CT revealed complete
involvement of the lower lobe of the
right lung with a massive cavitat-
ing abscess (10 x 20 cm), consistent
with necrotizing infection, with
air-fluid levels and associated right
pleural effusion. Bilateral zones of
consolidation were noted in the
middle right lobe and left lingula.
Both sputum and blood cultures
yielded Rhodococcus equi (Table 1).
Time to culture positivity was three
days from sputum and six days from
blood. Initial empiric antibiotics were
escalated over time due to lack of re-
sponse and complications, ultimately
including meropenem, imipenem,
rifampicin, trimethoprim-sulfa-
methoxazole, amikacin, tigecycline,
and metronidazole, alongside intra-
venous immunoglobulins. ART was
reinitiated during hospitalization,
and the total duration of antibiotic
therapy was 85 days. The patient
required pleural drainage for two
months. A pleural pneumothorax
and subcutaneous emphysema de-
veloped following active drainage,
complicated by secondary infection with Pseudomonas ae-
ruginosa and Klebsiella spp. Despite multiple complications,
the patient fully recovered after three months of hospital-
ization. The latest follow-up in 2024 showed CD4 51 cells/
mm” and viral load was 15,500 copies/mL, emphasizing
adherence issues. Similar to Case 1, the patient denied any
contact with animals or known environmental exposure
associated with Rhodococcus equi infection.

Ethics: This study was performed in line with the prin-
ciples of the Declaration of Helsinki and good clinical
practice. Approval was granted by the patients who signed
an informed consent for participation in this case report
series. Signed form available upon request.

DISCUSSION

Here we present three cases of Rhodococcus equi infection
in people living with HIV/AIDS with severe immunosup-
pression, treated at the Clinic for Infectious and Tropical
Diseases, University Clinical Centre of Serbia in Belgrade,
between 2004 and 2011. All three are men; the youngest is
33 and the oldest is 43, all Caucasian from Serbia. Without
other significant comorbidities, they have in common that
they had terminal immunodeficiency caused by HIV at
the time of clinical presentation in our clinic. Other data
in the literature also show that Rhodococcus equi mani-
fests in the stage of advanced immunodeficiency in people
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living with HIV/AIDS and that it is most common in men
[5]. Several case series, including an extensive review by
Yamshchikov et al. [6], have shown a higher incidence of
Rhodococcus equi infections in males, especially in people
living with HIV and transplant recipients. To our knowl-
edge, no study has systematically examined the potential
behavioral, biological, or healthcare-related factors that
could impact this sex distribution. Epidemiological data
are significant because they relate to contact with animals
that serve as the natural reservoir for Rhodococcus equi 7,
8]. Except for one, the other two of our patients did not
have a clear epidemiological risk when it comes to contact
with domestic/wild animals, occupational risk, or living
in a rural environment. Regarding the clinical presenta-
tion, in addition to AIDS-indicative conditions such as
oral candidiasis, seborrheic dermatitis, and oral hairy leu-
coplakia, our patients exhibited severe pulmonary involve-
ment: one developed necrotizing pneumonia with pleural
effusion, another presented with a lung abscess, and one
patient experienced an extrapulmonary neurological mani-
festation of Rhodococcus equi infection. The most com-
mon manifestations of Rhodococcus equi in patients with
AIDS, as described in the literature, are pulmonary [5].
Radiographic findings in our three patients — necrotizing
pneumonia with pleural effusion, with/or cavitation and
abscess — are consistent with common radiological features
of Rhodococcus equi pulmonary infection in people living
with HIV, as reported in the literature [5]. Although rare,
extrapulmonary manifestations of Rhodococcus equi in hu-
mans can be very divergent, and various organ and tissue
involvement has been reported in the literature, such as
osteomyelitis, pericarditis, brain abscesses, spleen, kidney
and liver abscesses, mesenteric lymphadenitis and colitis,
among others [4, 5]. One of the patients presented in our
paper had cerebritis as an extrapulmonary manifestation of
Rhodococcus equi infection. As far as neurological manifes-
tations of Rhodococcus equi infection are concerned, they
are rare, with only a few cases described in the literature to
date, including purulent meningitis and brain abscess [4].
The differential diagnosis in such cases is broad, covering
cerebral toxoplasmosis, tuberculous or pyogenic abscess,
cryptococcal or cytomegalovirus encephalitis, progres-
sive multifocal leukoencephalopathy (PML), primary
CNS lymphoma, neurosyphilis, and bacterial cerebritis.
A prospective study by Sawardekar et al. [9] with 150 HIV-
positive patients demonstrating CNS space-occupying
lesions demonstrated that the most prevalent etiologies
were tuberculomas (29.3%), toxoplasmosis (22.7%), PML
(17.3%), primary CNS lymphoma (15.3%), and brain ab-
scess (10%). The findings correspond with broader clinical
experience and are supported by a review by Sheybani et
al. [10], emphasizing the necessity of timely imaging and
empirical therapy due to the overlapping presentations of
CNS infections among people living with HIV. In such
situations, empiric antimicrobial and antiparasitic therapy
with adequate CNS penetration is typically necessary until
a definitive diagnosis is confirmed.

IRIS can be unmasking and paradoxical and can de-
velop during the initial period of antiretroviral treatment
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more often in deeply immunosuppressed individuals.
Typical IRIS diagnoses include TB, cryptococcosis, and
PML but practically any opportunistic infection can mani-
fest in the context of IRIS. To the best of our knowledge,
there have been no reports of Rhodococcus infection in the
context of IRIS, as described in one of our patients.

Isolation of Rhodococcus equi in our three patients was
predominantly based on sputum samples and blood cul-
tures. Depending on the clinical manifestations, cultiva-
tion of samples from bronchoscopy, CSE, pleural punctate,
ascitic fluid, as well as abscess aspirates, is also considered
[11].

The antibiotic treatment for the patients presented in
this paper consisted of trimethoprim-sulfamethoxazole,
macrolides, rifampicin and carbapenems, following initial
use of antimicrobial agents from other antibiotic classes.
The reason for polypharmacy in these cases was mainly
the use of initial empiric antibiotic therapy for patients
with severe pulmonary manifestations of AIDS, which
was subsequently adjusted based on culture and suscep-
tibility results (antibiogram). Rhodococcus equi can show
resistance to various antibiotics and can develop resistance
during treatment with only one drug [2]. To date, multiple
case reports and case series of Rhodococcus equi infection
in people living with HIV/AIDS have been published, de-
scribing various antibiotic regimens used in the therapeutic
approach [11].

The optimal drug regimen and duration of treatment
for Rhodococcus equi pneumonia have not been clearly
defined. For now, recommendations are usually based
on two-drug regimens, according to susceptibility test-
ing. Recommended choices usually include vancomycin,
meropenem, imipenem, macrolides, rifampicin, and levo-
floxacin [11]. Ranganath et al. [3] reported over 95% sus-
ceptibility of Rhodococcus equi to imipenem, vancomycin,
linezolid, rifampin, and clarithromycin. The majority of
patients described in their paper received two- or three-
drug combination therapy for 2-6 months with favorable
clinical response, and they concluded that imipenem and
vancomycin remain appropriate empiric treatment op-
tions for Rhodococcus equi. [3]. Torres-Tortosa et al. [12]
reported susceptibility rates of Rhodococcus equi as high
as 100% for vancomycin and amikacin, followed by 97.9%
and 97.6% for rifampicin and imipenem, respectively. Less
than half of isolates of Rhodococcus equi in the same study
(44.7%) were susceptible to trimethoprim-sulfamethoxas-
ole (co-trimoxazole) [12]. Considering the small number
of cases globally and the different geographic and clinical
settings in which diagnosis and treatment are carried out,
it is not surprising that a standard therapy for Rhodococcus
equi has not yet been established. Judging by the data from
the literature, a clearly defined consensus has not yet been
reached regarding the recommended antibiotic therapy for
Rhodococcus equi infection, nor its duration. Prolonged use
of combination antibiotic therapy, particularly regimens
containing macrolides, fluoroquinolones, and rifampicin,
has been associated with hepatotoxicity, QT interval pro-
longation, and gastrointestinal complications [13]. Among
these, Clostridioides difficile infection (CDI) represents a
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significant concern, especially in immunocompromised
patients. A recent systematic review noted antibiotic expo-
sure as the primary risk factor for CDI in diverse popula-
tions [14]. This potential complication requires awareness
during extended treatment, particularly in immunocom-
promised individuals. In addition, rifampicin is a potent
inducer of cytochrome P450 enzymes and can reduce
plasma levels of several antiretroviral agents, including
non-nucleoside reverse transcriptase and integrase inhibi-
tors [15]. Adjustments to ART may therefore be necessary
during concomitant use.

Rhodococcus equi is an emerging human pathogen, es-
pecially in immunocompromised individuals. Our cases
complement existing literature data on Rhodococcus equi
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UHdeKunje nsassane Rhodococcus equi Kop KacHUX npe3eHTepa ca XUB
UHPEKLMjoM — NpuKasu 60NECHMKA U TepanujCKu U3a30BU

WBaHa Mvn3nh'?, CHexaHa JoaHosuh?, Tatba Townh?, Joan Panun'2 Mapko Mapkosuh'?2
YHuBep3uTeTCKM KNMHYK LieHTap Cpbuje, KnuHika 3a nHdeKkTuBHe 1 Tponcke 6onecTu, beorpap, Cpbuja;

*YHusep3uTet y beorpapy, MeguumHckn akynrer, beorpap, Cpbuja;

*YHUBEP3UTETCKM KNMHIIKM LieHTap Cpbuje, Ofiembetbe 3a MeauLMHCKy Mukpobuonorujy, beorpag, Cpbuja

CAMETAK

YBopa Rhodococcus equi je pefak anu KNHUYKM 3HayajaH ornop-
TYHUCTWYKY NaTOreH Koju ce NPBEHCTBEHO jaBrba Kog 0coba ca
KomnpomuTtoBaHum henunjckum umyHuteTom. Kog ocoba Koje
xuBe ca XMB-om/cugom, Rhodococcus equi 06uYHO M3a3mBa
Telwke nHdekumje nnyha. Liusb oBor paga je Aa nprikaxe Knu-
HMYKe KapaKTepUCTUKe, Tepanmnjcke NPUCTyre N UCXOAe UH-
dekuuje n3assaHe Rhodococcus equi Kop TpojuLie MyLLKapaLa
ca y3HanpegoBanom XMB nHdekuujom.

Mpukas 6onecHnKa PeTpocneKkT!BHO Cy aHanu3npaHa Tpw
cnyyaja uHdekumje Rhodococcus equi, nedeHa y neprogy of,
2004. no 2011. roguHe Ha KnnHULmM 338 HGEKTUBHE 1 TPOMCKe
60necTvi YHUBEP3UTETCKOT KNMHUYKOT LieHTpa Cpbuje y beorpa-
ay. CBM nauujeHT 6unum cy mywkapuu, ca 6pojem CD4 henwja
ncnog 50/ul y TpeHyTKy npujema. JOMMHaHTHE KNNHMYKe Ma-
HUdecTaLuje yKIbyumBane cy npogy»eHy GbebpunHocT, NpoayK-
TMBAH Kallasb, rybuTaK TelecHe Mace 1 U3pakeHy MasiakcanocT.
Kog cBux je nHdekuuja nmana Telwky nnyhHy npeseHtauujy, y3
paAnonoLLKe Hanase TUNMYHe 3a HeKpoTu3yjyhy nHeymMoHujy
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WNK KaBUTaLMOHe ancuece. Ko jeaHor nauujeHTa pernctpoBsa-
Ha je 1 eKCTpanynMoHasiHa MaHudecTauuja y Bugy Luepebpu-
Tnca. Rhodococcus equi je ©3010BaH U3 ClyTyMa KOA CBa TpU
nauujeHTa, a U3 XeMOKynType Kopa fiBa. Jleuetrbe je 3axTeBaso
NPOAYXeHY XOCNUTaNM3aLmjy 1 KOMOUHOBAHY aHTUMUKPOOHY
Tepanujy, ykibyuyjyhn makponuge, kapbaneneme, pudamnu-
LIVIH 1 TPUMETONPUM-CyndameTOKCa30/, y3 aHTUPETPOBUPYCHY
Tepanujy. [Ba naumjeHTa cy nocTurna yropoyHy KnmHUYKY u
VIMYHOJTOLLKY CTabUNHOCT, AOK je KOA jefHor 3abenexeH TpajaH
nag CD4 henuja n nep3nCTeHTHa BUpeMMja YCIeq JloLle aaxe-
peHLuuje Ha aHTMPETPOBMPYCHY Tepanujy.

3akmyuak /Hdekumja u3asBaHa Rhodococcus equi kop ocoba
ca y3HanpegoBanom X/B nHdeKLmjom Mmoxe AOBECTU A0 TELLKe
nnyhHe 1 fucemmHoBaHe 6onectu. PaHo npeno3HaBatbe, age-
KBaTHa aHTUMMKPOOHa Tepanuja 1 NpaBoBPEMEHO 3amnoUnba-
tbe aHTUPETPOBUPYCHE Tepanuje KibyYHU Cy 3a MOBOJbaH NCXOA,.

KmyuHe peun: Rhodococcus equi; XVB; cvpa; onopTyHUCTAYKe
nHdekuyje; nnyhHa nHdeKuyja; aHTUMMKPOOHa Tepanuja
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Successful replantation after avulsion amputation of
the thumb
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SUMMARY

Introduction Degloving injuries to the fingers, especially the thumb, present a significant challenge
for reconstructive surgeons. Several classifications have been proposed to assess the extent of injury.
Latest approach is now that microsurgical repair is the method of choice in all types of ischemic injuries,
including type Il ring avulsion.

Case outline We present a case of a successful microvascular replantation of the thumb amputated by
an avulsion mechanism caused by a drill in the 19-year-old male. The thumb was almost completely
degloved about 2 cm distal to the metacarpophalangeal joint. According to the Urbaniak classification,
it was a type Ill degree of injury (Kay type IV). Surgery was performed three hours after the injury. The
ulnar digital artery was anastomosed end-to-end. Two dorsal veins were drained and anastomosed.
After six months, the appearance of the replanted finger was aesthetically pleasing. The patient was
followed up again 30 months after surgery. Grip strength measured with Jamar’s dynamometer is 5%
less compared to the uninjured hand. According to the total arc of motion scale, almost full range of
motion was obtained in the metacarpophalangeal joint with full opposition and good grip. According
to the Medical Research Council scale, the sensitive recovery has reached S3. The disabilities of the arm,
shoulder and hand score is 0 point. This represents a complete and unlimited function even though the
thumb is contracted in the interphalangeal joint.

Conclusion The patient returned to his previous workplace and he remains satisfied with the function
of the replanted thumb for daily and work activities.

Keywords: avulsion amputation; replantation; hand
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INTRODUCTION

Degloving injuries to the fingers, especially
the thumb, present a significant challenge for
reconstructive surgeons, as it is extremely dif-
ficult to revascularize the amputated finger
and restore its function and appearance. Such
injuries can range from soft tissue injury to
complete amputation [1]. Several classifica-
tions have been proposed to assess the extent
of injury. Urbaniak’s [2] classification is widely
accepted. According to this classification, type

I represents a circumferential laceration of the
skin, without damage to the circulation. Type
II represents incomplete annular avulsion,
with impairment of arterial or venous blood
flow and requires repair of the artery or vein,
while type III represents complete avulsion.
Urbaniaks classification later had two modifi-
cations. Kay et al. [3] expanded the classifica-
tion into four categories and Sturzenegger et
al. [4] proposed a modification based on the
level of injury to the neurovascular elements
[5, 6] (Figure 1).

Urbaniak Classification

Class Description Treatment
Cass!  Circulation adequate R v N
Class || Circulation inadequate Vessel repair
Class Il Complete degloving or compiete amputation Amputation

Kay, Werntz and Wolff Classification

Class Description Treatment
Class | Circulation adequate mmmwwnm
Class || Arterial compromise only Vesse! repair
Class Il mm&wldmﬁthmmum Amputation
Class IV Complete degloving or complete amputation. Amputation

Figure 1. Urbaniak and Kay classification
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Figure 2. Finger injury

According to the referred classification, in type III avul-
sions, replantation is not indicated and some authors prefer
primary amputation or ray resection [2, 3, 4]. On the other
hand, type II is considered an absolute indication for mi-
crovascular repair, because almost complete function of
the finger can be expected [5]. Latest approach is now that
microsurgical repair is the method of choice in all types of
ischemic injuries, including type III ring avulsion [7, 8, 9].

We present a case of a successful microvascular replan-
tation of the thumb amputated by an avulsion mechanism
caused by a drill.

CASE REPORT

A 19-year-old male, a mechanic by trade, injured his
thumb while on the job when a drill caught his glove. The
thumb was almost completely torn off, degloved about 2
cm distal to the metacarpophalangeal joint. According to

Figure 5. Finger immediately after surgery
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Figure 3. Preoperative X-ray scans of the affected hand and finger

the Urbaniak classification, it was a type III degree of in-
jury (Kay type IV). The amputated part was in contact via
a 3 mm wide skin flap and contained part of the proximal
and the entire distal phalanx, skin, subcutaneous tissue,
and nail. The long flexor of the thumb was completely torn
from the forearm along with the muscular part. He had
signs of a major soft tissue contusion. The proximal pha-
lanx, tendons of the thumb and part of the thenar muscle
were exposed. Both severed neurovascular pedicles were
distended with significant elements of contusion (Figure
2). The proximal phalanx of the thumb had a comminuted
fracture with a bony defect (Figure 3).

The surgery was performed three hours after the injury.
The operation was done under regional
anesthesia. After copious irrigation, a
careful excision of the contused edges
of the wound was performed. Then the
preparation of neurovascular structures
was done under a microscope. It was
decided to attempt microvascular re-
construction when the ulnar digital
artery was observed to function well
enough for successful microvascular
anastomosis. The proximal phalanx
was repositioned and fixed with two
1.5 mm Kirschner pins (Figure 4). The
ulnar digital artery was anastomosed
end-to-end with a 9-0 nylon suture. After removing the
microvascular clip, the replanted thumb received circula-
tion. Two dorsal veins were drained and anastomosed with
10-0 nylon thread. The digital artery on the radial side had
severe elements of tearing, so its reconstruction was not
possible. Both digital nerves were sutured, but both were
severely damaged and distended (Figure 5). The surgery
took three hours, and the duration of ischemia was around
five hours. After the operation, the patient was given anti-
coagulant, antiplatelet, and triple antibiotic therapy, as well
as antitetanus protection. Diuresis was monitored, blood
counts were checked, and the circulation of the replanted
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Figure 6. Thumb without K-needles

Figure 7. Final results

finger was observed frequently. The wound healed without
infection. The sutures were removed after two weeks, and
the patient was discharged from the hospital three weeks
after surgery. The Kirschner pins were removed ten weeks
after surgery (Figure 6). After six months, the appearance
of the replanted finger was aesthetically pleasing.

The patient was followed up again 30 months after sur-
gery.

The nail was growing, but the sensation in the thumb
was poor. Grip strength measured with Jamar’s dynamom-
eter is 5% less compared to the uninjured hand.

The range of motion was measured according to the total
arc of motion (TAM) scale and almost full range of mo-
tion was obtained in the metacarpophalangeal joint with
tull opposition and good grip. The interphalangeal joint re-
mained contracted in the physiological position. The patient
returned to his previous workplace and he remains satisfied
with the function of the replanted thumb for daily and work
activities. (Figure 7). According to the Medical Research
Council scale, the sensitive recovery has reached S3. The
disabilities of the arm, shoulder and hand score is 0 point.
This represents a complete and unlimited function even
though the thumb is contracted in the interphalangeal joint.

Ethics: All procedures performed in the studies were in ac-
cordance with the ethical standards of the institutional and
national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethi-
cal standards. Written consent to publish all shown mate-
rial was obtained from the patient.

DISCUSSION

Avulsion amputations are most often caused by rotating
machinery, transmission belts for transport or traction or

‘ DOI: https://doi.org/10.2298/SARH240908066M
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a ring when a classic ring avulsion occurs. Digital nerves
and blood vessels are often severed beyond the level of the
skin wound [10, 11, 12]. The amputated part usually has
additional contusions, which can also damage the capil-
lary network [13]. The microsurgeon must carefully as-
sess the degree of soft tissue contusion and the degree of
blood vessel damage [14]. The presented case is classified
as a complete Urbaniak IIT or Kay IV amputation and as
such is an indication for amputation according to earlier
recommendations. According to the new standards, it is
recommended that an arterial anastomosis is to be per-
formed first, so that the surgeon can assess the ability of the
repaired artery to supply blood to the finger. If the blood
flow through the soft tissue is not satisfactory, it indicates
that the blood vessel and capillary network have suffered
severe injury. This order avoids long-term replantation at-
tempts in futile cases [15, 16]. A method for identifying the
dorsal veins is to look for a spot of bleeding or coagulum
at the dorsal edge of the amputated part, after the arte-
rial anastomoses have been completed. Venous bleeding
suggests that satisfactory venous flow can be maintained
after replantation. If no veins are found or the veins are too
damaged to have adequate venous flow, a vein graft can
be taken [17, 18]. Medical leeches can be used for venous
congestion in the postoperative period [19]. In their work,
Kurata et al. [20] showed that the artery is more important
than the vein in final survival. Microvascular replantation
of degloved fingers has functional and aesthetic advantages
over alternative reconstructive techniques and the authors
recommend that replantation efforts should be pursued.
However, the probability of achieving successful replanta-
tion is much lower than with straight amputation and ac-
cording to the authors, in 83% of cases patients with type
IIT avulsion require additional surgery [21]. When vessel
damage is such that an anastomosis is impossible, alterna-
tive reconstructive options are considered. One option is a
vascularized skin flap of the first dorsal metacarpal artery
arising from the radial artery just distal to the extensor
pollicis longus tendon [22, 23]. Preservation of the thumb
can also be achieved with a reverse radial skin flap from
the forearm, which is “wrapped” around the completely
degloved finger and thus a high-quality skin cover is ob-
tained [24]. Another alternative method is the pedicled
abdominal flap, but due to the patient’s discomfort, the
need for subsequent flap separation, the impossibility
of elevating the injured hand and the length of time this
method is more often used in complex injuries involving
the entire hand [25, 26, 27]. Patients should be informed
preoperatively about all options and that replantation may
not be technically possible and all alternative methods of
reconstruction should be considered during surgery.

Treatment results are good in type I and II injuries, but
in type III injuries, where there is severe damage to neu-
rovascular structures, successful replantation can be done
in very rare cases. Other adequate solutions are resorted to
in order to preserve the length of the finger.
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YcnewHa pennaHTau,Mja HAKOH aBy/aA31OHe amnyTau,Mje npcra

CysaHa MunyTtuHosuh'? Cnahana Matuh'?, Munow Byyetuh?

'YHUBep3UTETCKN KNHMYKY LeHTap Cpbuje, KnuHuka 3a opToneacky xupyprujy 1 Tpaymatonorujy, beorpag, Cpbuja;

*Yuueep3utet y beorpapy, MeanunHcku gakyntert, beorpag, Cpbuja;
3/HcTUTYT 3a opTONeAcKy xupyprujy barbuua’, beorpag, Cpbuja

CAMETAK

YBop Degloving noBpepe npcTujy, nocebHo nanua, npeacra-
BJbajy 3HauajaH 13a30B 3a PEKOHCTPYKTUBHOT xupypra. [pe-
LJIOXKEHO je HEeKONMKO Knacudmkalmja Kako 6u ce npoLeHro
o6vm nospege.

CaBpemeHM CTaBOBM YKa3yjy Aa je MUKPOXMpPYypLIKa penapa-
Luja MmeToaa n3bopa Kof CBMX TUMOBA NCXEMUjCKIX NOBpesa,
ykmbyuyjyhv v tun Il ring avulsion nospepa.

Mpukas 6onecHuKa MprKasyjemo ciyyaj ycrnewHe MAKpoBa-
CKynapHe pennaHTaLmje amnyTpaHor nanua ycnes aBynsmo-
He noBpefe 3a06vjeHe GylLNLOM. [leBEeTHAeCTOrOANLH
MyLLKapaL, MexaH1nyap no 3aHumamy, 3a4obvo je nospeay
nasua Ha pagHoOM MecTy Kafa je Oywunuua 3akaununa heropy
pykaBuLy. Manaw je 6110 CKOPO NOTMYHO OTKWHYT, AETTIOBMPAH,
OKO 2 CM ANCTaNIHO 0f MeTakaprnodanaHreanHor 3rnoba. Mpe-
ma YpbaHuak knacudukaymju paguno ce o nospeau tuna lll
(Kay Tun IV). MauwujeHT je onepucaH Tpw caTa HakoH NoBpeje.
YnHapHa AurnTanHa aptepumja aHactTomo3mpaxa je end-to-end
aHacToMo30M. HakoH yKknarbatba MUKpPOBACcKynapHe Kneme,

DOI: https://doi.org/10.2298/SARH240908066M

pennaHTpaHu nanay je sobuo umpkynauujy. ipeHvpane cy ra
ABe aHOCTOMO3MpaHe Aop3aHe BeHe. HaKoH LuecT meceLy 13-
r11ef pennaHTypaHor NpcTa 61o je ecTeTcKu 3af0BosbaBajyhu.
[MaumjeHT je gowao Ha KoHTposy 30 MmeceL HaKoH onepauuje.
CHara cTCKa MepeHa JamapoByM JUHaMOMETPOM U3HOCUAa
je 5% marbe y ogHocy Ha HenoBpeheHy pyKy. O6um nokpeTa
MepeH je npema ckanu Total arc of motion n [obwjeH je cko-
po nyH o6um nokpeTa y meTakaprnodanaHreasHom 3rnoby ca
noTMNyHOM ono3uuujom 1 fobpum xsatom. lNpema ckanu MRC
(Medical Research Council — CaBeT 3a MeMUMHCKa UCTPaXKnBa-
Hba) CEH3UTMBHW OMopaBak AOCTUrao je HiBo S3. Ckop Ha ynuT-
HVKY O MHBaNIMANTETY PyKe, pameHa 1 wake (DASH) nsHocwo je
0 noeHa. MocTturHyTa je ognmuHa dyHKUMja MaKo je nanaL, ocTao
Y KOHTPaKTypW y nHTepdanHreanHom 3rnoby.

3akrpyyak [aLujeHT ce BpaTMO Ha NPETXOAHO PaiHO MeCTo 1
3a[10BOJbaH je GYyHKLMjOM peniaHTUpaHOor nasua 3a CBakog-
HEeBHe 1 pajiHe aKTVBHOCTY.

KrbyuHe peun: aByn31oHa amnyTaumja; pennaHraumja; Wwaka

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):490-494



DOI: https://doi.org/10.2298/SARH240711072P

UDC: 616.12-008.331.4-053.31

CASE REPORT / MPUKA3 BOJNIECHUKA

Challenges in the treatment of hypotension in an
extremely preterm neonate

llija Pali¢, Biljana Jovanovi¢ KriSulovi¢, Marija Jovici¢, Miroslava Kosti¢ Todorovi¢
Institute of Neonatology, Belgrade, Serbia

SUMMARY

Introduction Hypotension is often seen in preterm neonates, as a result of various factors such as im-
mature myocardium, transitional circulation, perinatal hypoxia, positive-pressure ventilation, and relative
adrenal insufficiency. The leading causes of hypotension in preterm neonates are sepsis and septic shock,
patent ductus arteriosus (PDA), and necrotizing enterocolitis.

Case outline The female preterm neonate was delivered at 24"” weeks of gestation with a birth weight
of 710 g and an Apgar score of 3 in the first minute after birth. Hypotension was noted from the first
day of life, so dopamine was administered. The neonate was admitted to the Institute of Neonatology
on the fourth day of life and we continued dopamine and dobutamine. Despite increasing the dose, the
hypotension remained persistent, and we started epinephrine. Echocardiography showed PDA and signs
of heart failure. The neonate’s condition was complicated by acute renal injury. Therefore, ibuprofen was
not used to close the PDA, so we continued its conservative treatment. In order to correct the hypoten-
sion, hydrocortisone was added to the therapy. Despite conservative treatment of the PDA, hypotension
was persistent and severe, and its treatment lasted for four weeks of hospitalization. After achieving
hemodynamic and respiratory stability, surgical ligation of the PDA was performed.

Conclusion Hypotension is a complication in the early neonatal period in an extremely preterm neonate.
Knowing the cause, as well as the pathophysiology, allows for the selection of the appropriate drug and
proper treatment of hypotension in preterm neonates, which is very challenging for neonatologists.

Keywords: premature newborn; ductus arteriosus; hypotension; cardiovascular agents

INTRODUCTION

Hypotension is often encountered in preterm
neonates. Various factors are associated with
hypotension in preterm neonates such as im-
mature myocardium, transitional circulation,
perinatal hypoxia, positive-pressure ventila-
tion (PPV) after birth and transient or rela-
tive adrenal insufficiency. The leading causes
of hypotension in preterm neonates are sepsis
and septic shock, patent ductus arteriosus PDA
and necrotizing enterocolitis [1, 2, 3]. Patent
ductus arteriosus is a common cause of low
diastolic blood pressure (BP) as a result of the
diastolic outflow of blood into the pulmonary
circulation from the left-to-right (L-R) shunt,
which makes it difficult to treat [4]. Therefore,
pharmacotherapy should be adjusted according
to the pathophysiology of the condition that
caused hypotension [1, 5, 6]. We report a case
of an extremely preterm neonate with severe
and persistent hypotension caused by hemo-
dynamically significant PDA.

CASE REPORT

The preterm female neonate was delivered
vaginally at 24" weeks of gestation with a
birth weight of 710 g and an Apgar score of 3
in the first minute after birth. The pregnancy
was properly controlled, complicated by the

mother’s vaginal bleeding one month before
delivery. There was no infection during preg-
nancy. Immediately after birth, the neonate was
intubated. In the Neonatal Intensive Care Unit
(NICU) in the Maternity Hospital, the neonate
was placed on conventional mechanical ventila-
tion (MV) and surfactant was administered. The
neonate received dual antibiotic therapy (ampi-
cillin and gentamicin) and total parenteral nu-
trition. In order to stimulate breathing, a prep-
aration of methylxanthine, caffeine, was used.
Because of hypotension, the neonate received a
fluid bolus and during the first three days of life
(DOL), inotropic support with dopamine was
applied. Also, the neonate received a red blood
cell transfusion in order to correct anemia.
The neonate was admitted to the Institute of
Neonatology on the fourth DOL, in severe con-
dition, orotracheally intubated, with a weight
of 590 g, heart rate (HR) of 126 beats/min, BP
of 61/28/41 mmHg and respiratory rate of 52
breaths/min. Oxygen saturation (SpO,) was
94% on MV with a fraction of inspired oxy-
gen (FiO,) of 0.4. In our NICU, conventional
MYV was continued. Blood gas analysis showed
metabolic acidosis. Chest X-ray showed signs
of respiratory distress syndrome with moder-
ate cardiomegaly. In the following hours after
admission to the Institute, hypotension, pre-
dominantly diastolic hypotension, and oliguria
were noted in the neonate, so inotropic support
with dopamine and dobutamine in minimal
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doses was started. At the same time, cardiac auscultation
was normal, without heart murmurs. Despite increasing
the dose of dopamine and dobutamine, the hypotension
was persistent (minimal diastolic BP was 10 mmHg), so
on the second day of hospitalization, the administration of
epinephrine was started. Echocardiography showed PDA
measuring 2 mm with a L-R shunt of blood flow, as well
as signs of heart failure. There was massive regurgitation
of both AV valves. Also, patent foramen ovale was present,
with an L-R shunt of blood flow. Because of acute kidney
injury (stage 3 KDIGO classification) and green gastric
residuals, ibuprofen was not used to close PDA. Restriction
of total fluid intake (120 ml/kg per day) was applied. In
accordance with BP values and diuresis, the dose of epi-
nephrine was gradually increased to the maximum. After
a short phase of maintaining stable BP values and diuresis
at maximum doses of epinephrine, a gradual reduction in
the dose of epinephrine was started. Diastolic hypoten-
sion then occurred again, so at the end of the first week of
hospitalization, in addition to epinephrine, hydrocortisone
was introduced for the therapy of hypotension. In the fol-
lowing days, the doses of epinephrine and hydrocortisone
were gradually titrated. Control echocardiography was
performed four days after the first examination and the
findings showed no significant changes. Because of heart
failure, intermittent administration of loop diuretics such
as furosemide was started. In order to treat hypotension
and stimulate diuresis, the neonate still required very high
doses of inotropes and hydrocortisone. Control echocar-
diography findings were without significant changes. At
the end of the third week of hospitalization, we began grad-
ually reducing the doses of inotropes based on BP values
and diuresis. In order to maintain normal BP values, hy-
drocortisone was administered until the end of the fourth
week of hospitalization in minimal daily doses. BP values,
as well as the inotropic and/or vasopressor therapy applied
in our case, are shown in Table 1. When the neonate was
hemodynamically stabilized, a cardiosurgical evaluation
was performed. Surgical ligation of PDA was performed
on the 43rd DOL without complications.

The neonate was on conventional MV for 46 days,
then on non-invasive respiratory support (nasal continu-
ous positive airway pressure) for 10 days and further on
oxygen therapy until the age of two months (corrected
36 weeks of gestation). Sepsis screening was positive for
late-onset sepsis for Staphylococcus haemolyticus. The

Pali¢ et al.

head ultrasound on the seventh DOL showed cerebellar
hemorrhage. During a control head ultrasound, a gradual
reduction of cerebellar hemorrhage was observed. Because
of neonatal seizures, the neonate was treated with pheno-
barbital and midazolam. Electroencephalography (EEG)
showed irregularity and depression of basic activity with
epileptic discharges. On control EEG examinations, there
were no epileptic discharges, the neonate had no neonatal
seizures, so she was discharged home without antiseizure
medications. During hospitalization, the neonate received
five red blood cell transfusions and one platelet transfu-
sion. Minimal enteral nutrition was started at the end of
the second week of life. Full enteral nutrition was achieved
in the 6th week of hospitalization. At the age of two months
and 10 days, due to retinopathy of prematurity (ROP) in-
travitreal application of anti-VEGF was performed. The
neonate was discharged home in the fourth month of life
(corrected 40 weeks of gestation) with a weight of 2700 g
(less than the 10th percentile for the gestational age).

Ethics: The manuscript has been written in accordance
with the ethical standards of the Declaration of Helsinki.
The publication of the data in the manuscript was approved
by the Ethics Committee of the Institute of Neonatology
(No. 2398/3).

DISCUSSION

After birth, there are complex and sudden changes that
mostly affect the cardiovascular and respiratory system.
In healthy full-term neonates, rapid closure of the ductus
arteriosus occurs at birth, which is one of the key changes
during the transition from fetal to neonatal circulation.
However, in preterm neonates, constriction and permanent
closure of the ductus arteriosus at birth are delayed, which
may be associated with neonatal morbidity and mortality.
The risk for PDA is inversely proportional to the gesta-
tional age. It is estimated that about 87% of neonates born
at 24 weeks of gestation have a symptomatic PDA [3, 7, 8].

Hypotension is especially common in preterm neonates
during the first 72 hours of life, as a result of large tran-
sient adaptive changes in the respiratory, cardiovascular
and neuroendocrine systems. There is wide variation in
the definition of hypotension in preterm neonates. One of
the most common definitions of hypotension in preterm

Table 1. Blood pressure values and inotropic and/or vasopressor therapy in our patient

First week of BP 37/12 37/11 43/15 42/15 32/10 41/16 40/17
hospitalization | Th dop + dob dop + dob epi epi epi epi epi + hydr
BP 36/17 46/20 58/22 37/18 46/23 49/26 44/15
Second week of p dob
hospitalization Th epi + hydr epi + hydr epi + hydr epi + hydr epi + hydr epi + hydr OPP:;d:) *
X BP 42/19 50/25 63/32 56/21 44/22 51/29 43/16
Third week of
hospitalization Th dop+dob+ | dop+dob+ | dop+dob+ | dop+dob+ | dop+dob+ | dop+dob+ | dop+dob+
hydr hydr hydr hydr hydr hydr hydr
BP 56/20 52/30 56/24 51/20 59/27 64/35 64/34
Fourth week of dop+dob+ | dop+dob+ | dop+dob+ | dop+dob+
TesaElfi op +do op +do op +do op +do
ospitalization Th hydr hydr hydr hydr hydr hydr

BP - blood pressure; Th - therapy; dop — dopamine; dob - dobutamine; epi — epinephrine; hydr - hydrocortisone
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neonates used in clinical practice is given by the British
Association of Perinatal Medicine. According to this asso-
ciation, hypotension is defined as a value of mean BP that
is less than the weeks of gestation. According to another
definition, hypotension in preterm neonates is defined as
mean BP below the 5th or 10th percentile for the weeks of
gestation and postnatal age. Also, hypotension in preterm
neonates is defined as a mean BP value below 30 mmHg.
This definition is particularly useful for neonates after 72
hours of life [1, 6]. Hypotension associated with PDA can
be challenging and difficult to treat [4, 9].

Preterm neonates are usually treated for hypotension
in the first 24 hours of life. Batton et al. [10] in a prospec-
tive observational study showed that 55% of extremely
preterm neonates received therapy for hypotension and
28% received a vasoactive medication. Our patient was an
extremely preterm female neonate and had hypotension
within 24 hours of life, so she received a fluid bolus and
dopamine in the Maternity Hospital. The first-line therapy
for hypotension in preterm neonates in many NICUs is
the administration of a fluid bolus followed by inotropes
such as dopamine. However, in neonates with PDA and
heart failure a fluid bolus in hypotension therapy might
be harmful. Also, dopamine, although it increases BP, can
have a negative effect on cerebral perfusion and cerebral
autoregulation in very low birth weight neonates (birth
weight < 1500 g), which can increase the risk of intraven-
tricular hemorrhage [6, 9, 11].

In accordance with the guidelines and recommenda-
tions, if hypotension is caused by myocardial dysfunc-
tion, the first-line therapy is dobutamine, which achieves
its effect by stimulating -1 adrenergic receptors [12].
Dobutamine increases myocardial contractility, HR, right
and left ventricular output and mean BP. As a second-line
therapy, we should consider dopamine, whose effect on
BP and different organs is dose-dependent. In doses that
are most often used in NICUs, 3-10 pg/kg/min, by stimu-
lating adrenergic and dopaminergic receptors, dopamine
increases HR, myocardial contractility and BP [1, 6].

Epinephrine is the third-line therapy for severe and per-
sistent hypotension caused by myocardial dysfunction. Its
hemodynamic effects, achieved through alpha and beta
adrenergic receptors, are dose-dependent. In low doses
(0.01-0.1) pg/kg/min epinephrine stimulates the a-2, B-1,
and B-2 adrenergic receptors, which causes peripheral va-
sodilatation, increased myocardial contractility and HR,
and finally increases BP. At higher doses (> 0.1) ug/kg/min
epinephrine achieves effects through a-1 adrenergic recep-
tors whose activation causes peripheral vasoconstriction
and increased HR [1, 6, 12]. Also, corticosteroids, such as
hydrocortisone, are used as adjunctive or rescue therapy
for refractory hypotension in preterm neonates, i.e., neo-
nates who are hypotensive despite the administration of
two inotropes. Their short-term use seems safe; however,
a question is raised about their impact on neurodevelop-
mental outcome in preterm neonates [13, 14].

In addition to dopamine, dobutamine and epineph-
rine, norepinephrine is also used in the therapy of hypo-
tension in neonates. Norepinephrine is an endogenous
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sympathomimetic that is a potent alpha-1 agonist, with
moderate to weak effects on beta-1 and beta-2 adrenergic
receptors. Because the effect on -2 adrenergic receptors
is minimal, norepinephrine has combined inotropic and
peripheral vasoconstrictive effects. Norepinephrine is rec-
ommended as first-line treatment for septic shock in adults,
children, and full-term neonates [15]. It is used in less than
5% of preterm neonates with shock as second- or third-
line therapy [16, 17]. Preterm neonates have been shown
to have higher levels of catecholamines, which may account
for a weaker response to norepinephrine [18]. Although the
effect of norepinephrine on BP in preterm and full-term
neonates with septic shock, pulmonary hypertension or
isolated systemic hypotension has been confirmed in sev-
eral retrospective studies with significant improvement in
diuresis, arterial blood gas values and tissue perfusion, in
clinical practice it is traditionally used as second- or third-
line therapy or as an adjuvant anti-hypotensive drug [19].

Milrinone is a type III phosphodiesterase inhibitor that
acts on the myocardium by increasing intracellular con-
centrations of cyclic AMP and calcium by inhibiting the
breakdown of cAMP. It has positive inotropic and lusi-
tropic effects on the myocardium, while reducing systemic
and pulmonary vascular resistance [20]. Clinical studies on
the use of milrinone in neonates have mainly focused on
the treatment of persistent pulmonary hypertension of the
newborn, postoperative use after corrective cardiac sur-
gery, and prevention and treatment of low left ventricular
output syndrome after PDA ligation. However, the use of
this drug also carries a risk of severe hypotension [21, 22].

Vasopressin is also used in the treatment of hypoten-
sion. It is synthesized as a prohormone, primarily in hypo-
thalamic neurons. It plays a key role in the control of BP,
osmotic balance, kidney function and sodium homeostasis.
More recent clinical studies have confirmed the efficacy of
vasopressin as rescue therapy in neonates with persistent
pulmonary hypertension of the newborn and catechol-
amine-refractory hypotension [23].

Levosimendan, a pyridazinone-dinitrile derivative, is a
calcium sensitizer with positive inotropic and vasodilatory
properties. It achieves its inotropic effect by selectively bind-
ing to cardiac troponin, improving myocardial contractil-
ity by increasing the sensitivity of contractile myofilaments
to intracellular calcium. Data on the use of levosimendan
in neonates and children are limited. Relevant systematic
reviews have reported good effects on cardiac functions,
but there is no significant difference in hemodynamic ef-
fects compared to standard inotropic therapy (including
dopamine, dobutamine and milrinone). Some studies have
shown a potentially positive effect on cardiovascular func-
tion in preterm neonates with pulmonary hypertension and
its safety. Although in some studies it has shown promising
effects in improving hemodynamics in neonates, its specific
use for PDA-induced hypotension is not well established.
Additional research is needed to determine its effectiveness
and safety in the treatment of hypotension associated with
PDA. For now, levosimendan remains an innovative thera-
peutic option for the treatment of severe cardiac dysfunction
and pulmonary hypertension in preterm neonates [24, 25].
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Clinical and laboratory findings in our case showed he-
modynamically significant PDA, which was also confirmed
by echocardiographic examination. There were contraindi-
cations for the use of ibuprofen in order to close the PDA.
At that time, acetaminophen was not introduced in the
Institute as a therapy for closing the PDA, so conservative
treatment was applied. First of all, along with the previ-
ously started antihypotension therapy, fluid restriction was
implemented with optimal ventilation, i.e., increasing posi-
tive end-expiratory pressure. Hemodynamic assessment
of the patient was performed daily based on the clinical
picture, blood gas analysis, serum lactate concentration,
BP values and diuresis, with occasional echocardiographic
examinations. Despite early recognition and conservative
treatment of the PDA in our case, hypotension was persis-
tent and severe, and its treatment lasted for four weeks of
hospitalization. There was no effect on closing the PDA by
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conservative treatment, so after achieving hemodynamic
and respiratory stability, surgical ligation of the PDA was
performed.

With advances in technology and neonatal intensive
therapy and care, the survival of preterm neonates, espe-
cially extremely preterm neonates, has increased. Along
with their survival, as a consequence of immaturity, neo-
natologists are increasingly encountering complications of
premature birth in the early neonatal period, among which
is hypotension. Knowing the cause, as well as the patho-
physiology, allows the selection of the appropriate drug
and proper treatment of hypotension in preterm neonates.
In order to reduce the adverse effects of drugs, a gradual
titration of the dose is required along with monitoring of
the hemodynamic state of the neonate.
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Challenges in the treatment of hypotension in an extremely preterm neonate

W3a30BM y Neyerby XUNOTEH3Mje Ko eKCTPEMHO He3penor HoBopoheHyeTa

Wnwja Manwuh, bubana JosaHosuh Kpuwynosuh, Mapuja Josuunh, Mupocnasa Koctuh Togoposuh

WHcTnTyT 33 HeoHaTonorujy, beorpag, Cpbuja

CAMETAK

YBopa XunoTeH3uja je YecTa Kog NpPeTepMUHCKe HOBOpOheHyYa-
AV 1 nocneauLa je pasnnumntx GakTopa, Kao LITO Cy He3penu
MWOKapA, TPaH3UTOPHa LIMPKynaLmja, nepuHaTtaniHa X1nokcuja,
BEeHTUNaLMja MO3NTVIBHUM MPUTUCKOM 1 PenaTuBHa aipeHanHa
nHcyduumjeHurja. Bogehu y3poum xunoTeH3suje Koa npetep-
MVIHCKe HOBOpPOheHuYaau Cy cenca v CeNTUYHY LLIOK, OTBOPEH
apTepwjcKn KaHan n HeKpoTu3yjyhn eHTepOKOANTUC.

Mpukas 6onecHnKa KeHCKo NpeTepMUHCKO HoBOopoheHue
poheHo je y 247 Heperby rectauuje, ca TEIECHOM MacoM Ha
pohery of 710 g n Anrap ckopom 3 y MpBOM MUHYTY nocrie
pohetba. XnoteHsuja je peructpoBaHa of NPBOr AaHa »KMBOTa,
na je npymMerbuBaH gonammH. HoBopoheHue je npumbeHO y
VIHCTWTYT 32 HeOHaTONOrWjy y YeTBPTOM AaHy XKMBOTa 1 HacCTa-
BJbEHa je Tepanuja AonamMmmMHOM 1 AobyTaMHOM. YnpKoc nose-
hatby 103e, XxunoTeH3mja je 1 Jarbe 6una ynopHa, 36or yera je
npuMetrbeH agpeHanuH. Exokapamorpadcky npernes je nokasao
nocTojatbe OTBOPEHOT apTEPUjCKOr KaHasa 1 3HaKoBa CpyaHe

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):495-499

nHcyduuumjeHumje. Ctatbe HoBopoheHuyeTa 1o je kKomnau-
KOBaHO akyTHUM owTeherem bybpera. 36or Tora néynpodeH
Huje KopuwwheH y 3aTBapatby OTBOPEHOT apTePUjCKOT KaHana,
na je HaCTaB/beHO HEroBO KOH3ePBaTNBHO Neyetbe. Y Luby
KopeKuuje XxmnoTeH3sunje y Tepanujy je AoAaT XUAPOKOPTU3OH.
YNpKOC KOH3epPBaTMBHOM JieUehy OTBOPEHOT apTepujCKor Ka-
Harna, XMnoTeH3uja je 61na ynopHa 1 TellKa, a keHa Tepanuja je
Tpajana TOKOM YeTVpU Hefesbe XocnuTanu3auyje. HakoH noctu-
3atba XeMOAMHAMCKE 11 PecnupaTopHe CTabunHocTy, ypaheHa
je XvpypLuKa nurawlmja OTBOPEHOT apTepUjCKOr KaHana.
3aK/byyaK XMnoTteHsuja je Komnavkaumja y paHoM HeoHa-
TasIHOM nepuofy KoA eKCTPEMHO He3pesnie HoBopoheHuaaw.
o3HaBarbe y3poKa, Kao 1 natodusnonoruje, omoryhasa ofja-
6vp oprosapajyher neka 1 NpaBUIHO Neyete XMMNOTEH3Mje KOf,
npeTepMMHCKe HOBOPOHeHYaAW, LUTO je 3a HEOHATONIore BEOMa
113a30BHO.

KrbyuHe peun: npeTepmM1MHCKO HoBOpoheHYe; apTepujcku Ka-
HaJl; XMMOoTeH3Mja; KapANOBaCKYIapHU areHcn
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Analysis of treatment options for Merkel cell
carcinoma of the eyelid
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SUMMARY

Introduction Merkel cell carcinoma (MCC) is a clinically rare primary neuroendocrine carcinoma of the
skin, which is more prevalent in the head and neck but rare in the eyelid. In clinical practice, it is character-
ized by a high misdiagnosis rate, high degree of malignancy and extremely poor prognosis. At present,
there is no matured and effective treatment plan for MCC.

Case outline This case study retrospectively reports a patient experiencing MCC of the eyelid in Tangshan
Ophthalmology Hospital. One month after tumor resection, the patient experienced cervical lymph node
spread on the same side. Following chemotherapy, no abnormal lesions were found during a follow-up
of two years and three months.

Conclusion The case study demonstrates that MCC is diagnosed mainly based on pathological exami-
nation and treated with surgical resection as the preferred option. In addition, postoperative adjuvant
systemic chemotherapy and local radiotherapy have an inhibitory effect on the disease’s metastasis and
recurrence. Immunotherapy and molecular targeted drugs are the new development trends.
Keywords: Merkel cell carcinoma; malignant tumor; eyelid; surgery combined with chemoradiotherapy
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INTRODUCTION

Merkel cell carcinoma (MCC) is a rare prima-
ry neuroendocrine carcinoma of the skin [1].
Malignant neuroendocrine tumors of the skin
originating from epidermal stem cells are more
prevalent in areas exposed to sunlight, mainly
occurring in the head, neck, and limbs of the
elderly. In one study, head and neck cases ac-
counted for 50%, with unique ultrastructural
changes and immunohistochemical staining
characteristics [1]. Immunohistochemistry
often shows chromogranin A (CgA [+]) and
synapsin (Syn [+]). A primary lesion located
in the eyelid region is rare (5-10% of cases),
and may easily lead to misdiagnosis [2, 3]. To
enhance the understanding of MCC, this case
study reports a patient experiencing MCC of
the eyelid, including her clinical manifesta-
tions and treatment, as well as a review of the
relevant literature.

CASE REPORT
Case data

A 62-year-old female patient was admitted
to Tangshan Ophthalmology Hospital with
a protuberant mass on the left upper eyelid.
Ophthalmic examination showed a purplish-
red mass-like protrusion of 5 x 5 x 3 mm
(Figure 1A). Fundus examination revealed
transparent cornea, clear anterior chamber,
normal depth, turbid lens, and no obvious

congestion on the surface of the palpebral
conjunctiva or obvious abnormalities. One
month after local hot compress and applica-
tion of erythromycin eye ointment, the mass
exhibited progressive growth. In January 2021,
the patient was hospitalized for mass resection.
The resected mass was submitted to Tangshan
Union Medical College Hospital for pathologi-
cal examination.

Surgical method

First, chest and orbital computed tomogra-
phy (CT) scans and abdominal, and neck
color Doppler ultrasound were performed.
On January 28, 2021, the patient underwent
extended resection on the left upper eyelid
combined with blepharoplasty. The entire up-
per eyelid was intraoperatively resected and the
hard palate mucosa was taken as a substitute
for the tarsus (Figure 1B), as per the National
Comprehensive Cancer Network clinical prac-
tice guidelines (version 1.2020). Eyelid recon-
struction was achieved by transplanting the
excised hard palate mucosa’s inferior border to
the lower eyelid’s tarsal sulcus and transferring
the upper eyelid skin flap (Figure 1C).

Pathological and immunohistochemical
results

Postoperative pathological results suggested a
malignant small round-cell tumor with diffuse
tumor cells and abundant interstitial blood ves-
sels (Figure 2A). Immunohistochemical results
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Figure 1. Photographs of a left eyelid mass, surgical process and postoperative
outcome; A - a red mass-like protrusion was observed in the center of the left up-
per eyelid, with a size of T mm x 0.8 mm x 0.5 mm; B — the hard palate mucosa was
taken; C - the eyelid was reconstructed; D - three months after hard palate mucosa
transplantation, the palpebral fissure was incised; the size, opening and closing of

the left palpebral fissure were all normal

Postoperative treatment plan

On March 1, 2021, the patient was readmit-
ted for further postoperative treatment. Plain
and contrast-enhanced CT scan of the neck
displayed multiple lymph nodes. Ultrasound-
guided lymph node biopsy revealed metastatic
MCC (Figure 2C). Immunohistochemistry
showed vimentin (-), CK (-), CD56 (weakly
+) scattered cells, CK20 (+) and Ki-67 (30% +)
(Figure 2D).

The radiotherapy regimen included elec-
tron beam radiotherapy for the left eyelid us-
ing fractionated doses of 200 cGy for a total of
3000 cGy, and conformal radiotherapy for left
periclavicular lymph nodes using fractionated
doses of 200 cGy for a total of 5000 cGy five
times weekly. A total of six courses of chemo-
therapy treatment were conducted based on
etoposide combined with carboplatin regimen
(20 days per course). Three months after hard
palate mucosa transplantation, the palpebral fis-
sure was incised. The size, opening and clos-
ing of the left palpebral fissure were all normal

(Figure 1D). Following chemotherapy, whole-
body physical examination was performed once
quarterly, and then once every six months.
There were no significant complications ob-
served on the eyeball following electron beam
radiotherapy.

Ethics: This study was conducted in accor-
dance with the Declaration of Helsinki and ap-
proved by the Research Ethics Committee of
Tangshan Peoples Hospital (No. rmyy-IIks-151).
All methods were carried out in accordance with
relevant guidelines and regulations.

DISCUSSION

MCQC, also known as cylindrical cell carcinoma,
is aggressive and mainly affects the elderly, with
an average onset age of 68 years [4]. It has a local
recurrence rate of 25%, lymph node metastasis

Figure 2. Pathological and immunohistochemical results; A - left upper eyelid,
20 x 10 H&E; B - left upper eyelid, immunohistochemistry, cytokeratin 20 (CK20),
20 x 10; C - left supra-clavicular lymph nodes, 10 x 10 H&E; D - left supra-clavicular
lymph nodes, CK20, 10 x 10

(Figure 2B) showed cytokeratin (CK) (+), vimentin (-),
S-100 (-), cluster of differentiation (CD)56 (+), Syn (+),
neuron-specific enolase (-), CD34 (+) vessels, CD7 (+) T
cells, TDT (-), Pax-5 (+) B cells, CD20 (+) B cells, CD79a
(+) B cells, CD3 (+) T cells, CD45Ro (+) T cells, CD10
(=), CD21 (-), BCL6 (=), MUMI (=), CD5 (+) T cells,
cyclindl (-), Ki-67 (approximately 60% +) and BCL2 (+).
The patient was diagnosed with MCC of the left eyelid.

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):500-503

incidence of 52%, distant metastasis proportion
of 34% and mortality rate of 14-52%. Due to its
low incidence, a unified and matured treatment
plan is yet to be developed. Generally, tumors
< 2 cm have better prognosis than those > 2
cm [5].

Extended tumor resection and lymph node
dissection are the mainstay of treatment, and the optimal
efficacy can be achieved when combined with chemora-
diotherapy. However, there is no unified standard for the
specific range of surgical resection, as the tumor is prone
to recurrence and metastasis due to lymph node spread.
Currently, most scholars advocate for active surgical resec-
tion and adjuvant radiotherapy, as their combination is
significantly more effective than radiotherapy alone.
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In the case reported here, the postoperative pathological
report indicated total resection and no tumor cells at the
tumor edge. First, the patient was treated with complete
resection under a microscope and then intraoperatively.
The entire upper eyelid was resected at a distance of 1.2
cm from the outer margin of the mass, and the hard palate
mucosa was taken as a substitute for the tarsus.

The most typical clinical manifestation of MCC is a
rapidly enlarging red or purplish-red nodule in the short
term, which is also non-specific and may be accompanied
by pain or ulcers. Early diagnosis of MCC is challenging
and prone to misdiagnosis, based on histopathological
and immunohistochemical examinations. Under mi-
croscope examination, the majority of MCCs are found
within the dermis, revealing a round or oval nuclei, clear
nuclear membranes, thin and scattered chromatin, unclear
nucleoli, few endochylema and visible karyokinesis. On
immunohistochemistry, MCCs mostly display neuroendo-
crine features. CK20 is a sensitive and specific biomarker
of MCC, which is usually located near the nucleus in a
comma or cap-like shape. In addition, tumor cells are dif-
fusely positive for synaptophysin and CgA, and constantly
positive for CD56. Komatsu et al. [6] reported a case of
MCC of the lower eyelid in a 37-year-old non-immu-
nocompromised female patient. The patient presented
with normal vision at initial presentation with an eyelid
tumor measuring 12 x 10 mm with a violaceous surface
that was firm and immobile. Pathological results showed
that the tumor cells exhibited small round-cell infiltration.
Immunohistochemical examination indicated that the tu-
mor cells exhibited a positive reaction to synaptophysin,
CgA and CK20, whereas thyroid transcription factor-1
showed a negative reaction. The final diagnosis of MCC
was confirmed. This article highlights the importance of
considering MCC as a differential diagnosis of eyelid tu-
mors in younger patients, even in the absence of immune
compromise.

In recent years, advances in immunotherapies, partic-
ularly immunotherapies involving the programmed cell
death protein 1 and programmed cell death ligand 1 path-
ways have greatly prolonged the survival of patients with
metastatic diseases. Immunotherapy agents such as ave-
lumab and famotidine have shown great efficacy in treating
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metastatic MCC. Research has shown that patients with
surgically incurable locally advanced MCC can be treated
with intratumoral injection of talimogene laherparepvec
[7]. Several MCC treatment alternatives, such as MLN0128
and pazopanib, continue to be researched.

MCC is mainly treated with surgical resection as the
preferred option; however, postoperative adjuvant systemic
chemotherapy and local radiotherapy inhibit its metas-
tasis and recurrence. The application of immunotherapy
and molecular targeted drugs remains critical for effective
treatment of MCC.

MCC is a rare and highly aggressive neuroendocrine
carcinoma, often presenting with non-specific clinical
manifestations, such as a rapidly enlarging red or purplish-
red nodule. This non-specificity, combined with its rar-
ity, frequently leads to misdiagnosis in clinical practice.
Early diagnosis relies heavily on pathological examination
and immunohistochemical staining. Immunotherapy and
molecular targeted drugs represent emerging treatment
trends, offering hope for further improving the prognosis
of MCC. However, the high misdiagnosis rate of eyelid
MCC highlights the need for increased awareness among
clinicians and pathologists, as well as the development of
more specific diagnostic markers and standardized treat-
ment protocols.
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AHanu3a Tepanujckux npuctyna koa MepKenosor KapuMHOMa Kanka

Cjao-XKyej Lloy', Mun-Myn [ao', Mun-Xya JeH', YeHr-un [laj?

'HapopHa 6onHuua TaHrwaHa, Oferbetbe 3a optanmonorujy, TaHrwaH, KiHa;
’HapopgHa 6onHuLa TaHrwaHa, Ofesberbe 3a opasnHy 1 MakcunodauujanHy xupyprujy, TaHrwan, KuHa

CAMETAK

YBop KapunHom Mepkenosux henuja je KnMHWYKM pepak npu-
MapHY HeypOeHAOKPVHM KapLIMHOM KOxe, Koju ce yellhe jaB/ba
Ha FNaBu 1 BpaTy, anu ce PeTKo jaBsba Ha Kanky. Y KIMHNYKO]
npaKkcy of/MKyje ce BEOMa YeCTOM MOrPeLUHOM UHULMjaNTHOM
[jarHO30M, BUCOKMM CTENEHOM ManvrHUTETa 1 U3y3EeTHO J10-
LIOM NPOrHO30M. TpEHYTHO He NocToju AedUHUTMBAH 1 eduKa-
CaH MNnaH neyetba KapumHoma Mepkenosux henvja.

Mpukas 6onecHnka OBa peTpoCneKTVBHA CTyAMUja NpUKasyje
naumjeHTa Koju je y OdtanmonoLukoj 6onHuLm y TaHrwany ne-
yeH 360r KapLHoma Mepkenosux henvja ouHor Karka. Mecely
[laHa HaKOH peceKLinje TyMopa AOLUJIO je [0 W1peHa TyMopa
y numdHe YBOpOBe BpaTa Ha UCTOj cTpaHu. HakoH xemunoTe-
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panuje, Tokom npahera oA ABe roanHe 1 Tpy Mecela, HICY
npoHaheHe natonoLuke nesuje.

3aksbyyak Mprika3 6onecHnKa nokasyje fa ce KapumHom Mep-
Kenosux henuja AnjarHOCTUKyje yrnaBHOM Ha OCHOBY NaTOXM-
CTOJIOLLKE aHan3e 1 Neyn ce XMPYpLLUKOM PeCeKLjoM Kao
noXesbHOM onuujom. [loctonepatriBHa afjyBaHTHa CMCTEMCKa
XemvioTepanuja 1 flokasiHa pagmoTepanuja umajy MHXMOUTOpHN
YTWLAj HA HaCTaHaK MeTacTas3a 1 peumanse. imyHoTepanuja
MOMEeKYNapHO LnSbaHu IEKOBY CY HOBW TPEHAO0BU Y TPETMaHy
OBOT KapLHOMa.

KmbyuHe peun: kapunHom Mepkenoux henuja; ManurHm Ty-
MOp; OYHU Kanak; Xvpypruvja KOMOMHOBaHa ca XeMyioTepaniijom
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SUMMARY

Pneumonia is a leading cause of morbidity and mortality in children, caused by various pathogens such as
bacteria, viruses, mycoplasma, and fungi, each with distinct clinical manifestations. Fiberoptic bronchos-
copy (FOB) is an invaluable tool for visualizing the airway, collecting lower respiratory tract specimens,
and diagnosing and treating pediatric pneumonia. This review explores the role of FOB in managing
pneumonia caused by different etiologies, including mycoplasma, adenovirus, and aspiration pneumonia.
It also addresses the complications and precautions associated with FOB, emphasizing the importance
of careful patient selection and the need for timely referrals to specialized centers, particularly in pri-
mary healthcare settings where access to FOB may be limited. The paper concludes with a discussion on
the future development of FOB, focusing on advancements in technology, such as improved imaging,
multi-modal functions, and artificial intelligence integration, which will enhance diagnostic accuracy

and treatment efficacy for pneumonia.

Keywords: fiberoptic bronchoscopy; pneumonia; diagnosis; treatment; children

INTRODUCTION

Pneumonia is an inflammation of the pulmo-
nary alveoli and interstitium, commonly seen
in pediatric population - defined as individu-
als from birth to 18 years of age — and a lead-
ing cause of childhood mortality. The World
Health Organization estimates that nearly two
million children under the age of five die from
pneumonia annually [1]. The disease is caused
by various pathogens, including bacteria, vi-
ruses, mycoplasma, and fungi, with symptoms
such as fever, cough, dyspnea, and chest pain
[2, 3]. Epidemiological studies indicate that
viruses are the most common cause of pediat-
ric pneumonia, accounting for approximately
60-70% of cases in young children, with re-
spiratory syncytial virus and influenza viruses
being predominant [4]. Bacterial pathogens,
particularly Streptococcus pneumoniae, are
responsible for about 20-30% of cases, often
in conjunction with or secondary to viral infec-
tions [5]. Mycoplasma pneumoniae (MPP) is
increasingly recognized as a significant patho-
gen in school-aged children, contributing to
10-40% of community-acquired pneumonia
cases in this age group [5]. Diagnosing and
treating pneumonia requires a comprehensive
approach, including medical history, clinical
signs, laboratory tests, and imaging. However,
diagnosis can be challenging, and treatment
failures are frequent, particularly in primary

healthcare settings, where limited resources
hinder early detection and effective manage-
ment [6-9].

Fiberoptic bronchoscopy (FOB) is a crucial
tool for visualizing the airway and collecting
specimens from the lower respiratory tract,
playing a vital role in diagnosing and treat-
ing pediatric respiratory diseases [10, 11].
Developed by a Japanese thoracic surgeon
Shigeto Ikeda, FOB has become a cornerstone
of modern pulmonary medicine [12]. In pe-
diatric care, FOB is primarily used for airway
inspection, removal of secretions or foreign
bodies, sample collection, and placement of
devices or drugs [13]. In primary healthcare
settings, particularly in community hospitals
with limited access to FOB, clinicians must un-
derstand its indications and recognize when re-
ferral to specialized centers is necessary. Timely
referral can significantly improve the diagno-
sis and management of conditions like pneu-
monia. While several reviews have addressed
bronchoscopy in pediatric respiratory diseases,
this review is distinct in its focused evaluation
of FOB’s role across a broad pediatric age range,
its emphasis on specific pneumonia etiologies
such as mycoplasma, adenovirus, and aspira-
tion, and its integration of recent technological
advancements - including improved imaging,
multi-modal functions, and AI-driven diagnos-
tics - offering updated insights for both clini-
cal practice and future research. This review
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highlights the importance of FOB in pediatric care and em-
phasizes its value in primary care settings. Understanding
when to refer patients for FOB is essential for clinicians to
improve the care of pediatric respiratory patients.

DIAGNOSTIC VALUE OF FOB IN PEDIATRIC
PNEUMONIA

FOB allows direct observation of airway structure, iden-
tifying abnormalities such as stenosis, inflammation, and
tumors. It also facilitates lower respiratory tract sample
collection through bronchial irrigation, bronchoalveolar
lavage (BAL), and biopsy. These samples support micro-
biological testing for bacteria, viruses, mycoplasma, fungi,
and tuberculosis, enhancing diagnostic accuracy for pedi-
atric pneumonia. In primary care, FOB is often used for
repeated or unresolved pneumonia, unclear etiology, and
suspected foreign body aspiration, prompting referrals for
specialized care.

Evaluation of inflammatory response and immune
status of the lungs

FOB, through BAL fluid (BALF), is essential for evalu-
ating the inflammatory response and immune status of
the lungs. Indicators such as cellular components, cyto-
kines, and immunoglobulins in BALF reflect the degree
of inflammation and immune responses. For example,
an increased proportion of neutrophils suggests bacterial
pneumonia, while lymphocyte dominance points to viral
or tuberculous pneumonia. Elevated eosinophil counts
indicate allergic or fungal pneumonia, and reduced pul-
monary surfactant proteins are associated with alveolar
surfactant deficiency, contributing to atelectasis and re-
spiratory failure [14, 15, 16].

Assessment of lung structure and function

FOB also provides a detailed assessment of lung struc-
ture and function through bronchoscopic imaging. Key
parameters, such as airway diameter, length, branching,
angle, and wall thickness, are used to evaluate airway in-
tegrity and detect abnormalities like stenosis, deformity,
inflammation, bleeding, or tumors. These findings are
crucial for determining the location, extent, and sever-
ity of pneumonia, as well as airway damage. For instance,
a reduction in airway diameter and length may suggest
stenosis or collapse, while changes in branching or angle
could indicate deformities. An increase in wall thickness
may point to inflammation or tumors, and the presence of
secretions or foreign bodies suggests obstruction or infec-
tion [17, 18, 19].
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IDENTIFYING DIFFERENT TYPES OF PNEUMONIA
Unresolved or recurrent pneumonia

In pediatric pneumonia, cases that do not improve with
antibiotics or where the etiology remains unclear, FOB
is essential for identifying rare causes, such as atypical
pathogens or complications like pleural effusion or lung
abscesses. Early referral to a bronchoscopy-equipped facil-
ity ensures timely diagnosis and better outcomes.

Mycoplasma pneumonia, caused by MPP, accounts for
10-40% of pediatric pneumonia cases [20]. It typically
presents with low fever, cough, sore throat, and headache,
with patchy infiltrates on chest X-rays. Extrapulmonary
symptoms, including erythema multiforme and myocar-
ditis, are common [21]. Diagnosis relies on serology and
molecular tests, though serology may suffer from cross-
reactivity and molecular tests may yield false results [22].
FOB with BALF improves specificity, avoiding contamina-
tion. Cytological and pathological analysis of BALF en-
hances detection, and bronchoscopic imaging can iden-
tify mucous emboli, characteristic of severe mycoplasma
pneumonia [23, 24].

Adenovirus pneumonia, responsible for 10-20% of
pediatric pneumonia, particularly in children under five,
presents with high fever, cough, dyspnea, and chest pain,
with patchy infiltrates and pleural effusion on chest X-rays
[25, 26]. Diagnosis depends on virological and molecular
tests, but these can produce false results [27]. FOB en-
hances diagnostic accuracy by reducing upper respiratory
contamination through BALE, enabling better immune
response assessment. Bronchoscopic imaging can reveal
airway abnormalities such as inflammation and necrosis
(28, 29].

Aspiration pneumonia

Aspiration pneumonia, caused by inhaling gastric contents,
vomit, or foreign bodies, is common in children with neu-
rological impairments or swallowing difficulties, account-
ing for 5-15% of pediatric cases, particularly in newborns
and infants [30]. It presents with wheezing, shortness of
breath, and cyanosis, with chest X-rays showing patchy
infiltrates and pleural effusion [31]. Diagnosis typically
involves medical history, clinical signs, chest X-rays, and
bronchoscopy, although sample quality may affect accuracy
[32]. FOB is essential for diagnosis and management, as
BALF helps identify aspirated material, improving specific-
ity. Cytological and pathological analyses of BALF assess
inflammatory responses, and bronchoscopy can directly
visualize aspirated substances, characteristic of aspiration
pneumonia [27, 33].

Timing of FOB in pediatric pneumonia

The timing of FOB is crucial for maximizing diagnostic
yield and therapeutic benefit in pediatric pneumonia. For
MPP pneumonia, particularly severe or refractory cases,

FOB is recommended within 7-10 days of symptom onset,
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especially if there is no clinical improvement after 48-72
hours of appropriate antimicrobial therapy. Early bron-
choscopy during this window allows for effective removal
of mucus plugs and mucous casts, which are prone to form
during the peak inflammatory phase, thereby preventing
bronchiolar obstruction and atelectasis [23, 24]. In adeno-
virus pneumonia, which often progresses rapidly and may
lead to airway necrosis and post-infectious bronchiolitis
obliterans, FOB should be performed earlier - ideally
within the first 5-7 days of hospitalization - if there is
clinical deterioration, persistent hypoxia, or radiological
progression despite supportive care. This enables timely
pathogen confirmation via BALF and intervention to clear
necrotic debris [28, 29]. For aspiration pneumonia, FOB
is most beneficial when performed acutely, within 24-48
hours of the suspected aspiration event, to directly visual-
ize and remove aspirated material, reduce bacterial load,
and prevent secondary chemical pneumonitis or infec-
tion. In chronically aspirating children, such as those with
neurodevelopmental disorders, semi-elective FOB may be
scheduled to evaluate recurrent pulmonary infiltrates or
persistent symptoms, even in the absence of an acute event
[32, 33]. Overall, the decision to perform FOB should bal-
ance the urgency of intervention with procedural risks, and
close monitoring during the initial phase of illness is essen-
tial to identify the optimal time window for intervention.

THERAPEUTIC VALUE OF FOB IN PEDIATRIC
PNEUMONIA

The therapeutic application of FOB in pediatric pneumo-
nia should be guided by the stage of disease progression.
Interventions differ significantly between the acute and
recovery phases, with distinct priorities in each.

Acute phase interventions (first 1-2 weeks of illness)

During the acute phase, the primary goals of FOB are to re-
store airway patency, manage life-threatening obstructions,
and support gas exchange. This phase is characterized by
intense inflammation, mucus hypersecretion, and poten-
tial airway plugging — particularly in severe mycoplasma,
adenovirus, and aspiration pneumonias. FOB is indicated
for the immediate removal of viscous secretions, mucus
plugs, necrotic debris, or aspirated material via suction,
irrigation, or forceps extraction [34, 35]. In children with
respiratory distress, hypoxemia, or atelectasis unresponsive
to conventional therapy, such interventions can rapidly
improve ventilation and prevent progression to respiratory
failure [36]. Additionally, in cases of bronchial obstruc-
tion due to inflammatory casts or foreign bodies, timely
FOB-guided clearance is critical to prevent irreversible
lung damage. Direct instillation of saline lavage or muco-
lytic agents during this phase may further aid in breaking
down tenacious secretions [37].
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Recovery phase interventions (beyond two weeks
or in persistent / recurrent cases)

In the recovery phase, FOB shifts from emergency inter-
vention to diagnostic and rehabilitative roles. Persistent
radiological infiltrates, prolonged oxygen dependence, or
failure to thrive may indicate unresolved atelectasis, bron-
chial stenosis, or evolving airway complications such as
bronchiectasis or bronchiolitis obliterans — particularly
following severe adenovirus or mycoplasma infections [28,
29]. FOB during this phase allows for reassessment of air-
way integrity, clearance of residual secretions, and targeted
delivery of anti-inflammatory agents (e.g., corticosteroids)
or antibiotics directly to affected segments, enhancing lo-
cal efficacy while minimizing systemic exposure [36, 37].
Furthermore, FOB enables the placement of airway stents
or balloon dilation in cases of acquired bronchial stenosis,
thereby improving long-term pulmonary function and re-
ducing the risk of recurrent infections [38, 39]. Serial BAL
in the recovery phase may also be used to monitor inflam-
matory markers and microbiological clearance, guiding
the duration of therapy.

COMPLICATIONS AND PRECAUTIONS OF FOB

Despite the advantages of FOB in the diagnosis and treat-
ment of pneumonia in children, FOB is associated with
risks and complications. FOB-related complications are
described below.

Anesthesia and sedation-related complications

Anesthesia and sedation are required in FOB, which may
lead to anesthesia and sedation-related complications such
as respiratory depression, arrhythmia, hypotension, and
allergic reactions [36]. In order to reduce the incidence
of these complications, it is necessary to fully evaluate the
patients before the procedure, select appropriate anesthe-
sia and sedatives, monitor the vital signs of patients, and
promptly find out and handle abnormal conditions [40].

Airway-related complications

FOB is operated through the airway and may lead to
airway-related complications, such as laryngospasm,
bronchospasm, airway bleeding, airway injury, and pneu-
mothorax [36]. It is important to select an appropriate
bronchoscope model, avoid excessive operation, control
the pressure of the airway, keep the airway moist, and
promptly find out and handle abnormal conditions to re-
duce the incidence of these complications [35].

Infection-related complications
The bronchoscope may contact with the secretions or

tissues of the lower respiratory tract during the process
of FOB, and may consequently cause infection-related
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complications, such as the spread of bacteria, viruses,
mycoplasmas, and fungi, leading to cross-infection and
nosocomial infections [36]. In order to reduce the inci-
dence of these complications, it is essential that aseptic
operation is strictly followed, bronchoscope and neces-
sary instruments are thoroughly cleaned and disinfected,
children are pre-treated with appropriate antibiotics for
preventive purposes, and abnormal conditions are detected
and handled promptly [41].

CONSIDERATIONS FOR FOB IN PEDIATRIC
PNEUMONIA

Several issues need to be noted when FOB is used in the
diagnosis and treatment of pneumonia in children, as de-
scribed below.

Indications and contraindications of FOB

It is essential to understand the indications and contraindi-
cations of FOB when diagnosing and treating pneumonia
in children to minimize risks. Indications include pneumo-
nia with unclear etiology or treatment failure; severe pneu-
monia with complications like respiratory failure, difficult
weaning, or organ dysfunction; pneumonia with airway
blockages due to secretions or foreign bodies; pneumonia
with airway abnormalities such as stenosis, deformities,
inflammation, bleeding, or tumors; and cases requiring
drug instillation or device placement in the airway [42].
Contraindications include severe systemic conditions like
shock, coma, and massive bleeding; cardiovascular diseases
such as heart failure, arrhythmia, and pericardial tam-
ponade; coagulation dysfunction like thrombocytopenia;
severe airway or lung abnormalities, including laryngeal
edema, tracheal or esophageal fistulas, pleural effusion,
and pneumothorax; and serious anesthesia or sedation
risks, such as allergies and drug interactions [43].

Referral recommendations for FOB in primary
healthcare settings

Given the limited availability of FOB in primary health-
care facilities, clinicians must recognize when referral to a
specialized center is necessary. Referral indications include
the following [15, 20, 21, 44]: if a child’s pneumonia does
not improve despite appropriate antimicrobial therapy or
if the etiology remains unclear, FOB should be considered
to identify atypical pathogens, foreign body aspiration, or
underlying airway abnormalities not detected by routine
methods. For severe pneumonia requiring intensive care
or mechanical ventilation, FOB allows for a comprehensive
airway assessment and pathogen identification, facilitating
targeted treatment and better management of complica-
tions such as pleural effusion or bronchial obstruction.
In cases of suspected aspiration pneumonia, especially in
children with neurological conditions or feeding difficul-
ties, FOB helps identify and remove aspirated material,
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improving outcomes and preventing further complications.
Additionally, when structural airway abnormalities like
stenosis or tumors are suspected, FOB provides direct vi-
sualization to evaluate the extent of these issues and guide
appropriate treatment, including surgical interventions.
Finally, for cases requiring therapeutic interventions such
as secretion removal, lavage, or device insertion, FOB of-
fers the advantage of simultaneously providing diagnostic
and therapeutic procedures, thereby optimizing patient
management and outcomes.

Selection of appropriate FOB model and operation
mode

When FOB is used in the diagnosis and treatment of pneu-
monia in children, the selection of an appropriate model
and operation mode is required. Appropriate diameter,
length, and curvature of fiberoptic bronchoscope should
be selected based on factors such as the age, body weight,
airway size, and conditions of children to avoid airway
injury and operation difficulties caused by the inappro-
priate size of the bronchoscope [45]. At the same time,
appropriate operation modes, including spontaneous
breathing, mechanical ventilation, and high-frequency
oscillatory ventilation are selected according to the fac-
tors of the children, such as respiratory pattern, airway
pressure, and oxygenation level to avoid the incidence of
intraoperative complications such as dyspnea, hypoxemia
and high airway pressure [46].

Age-specific considerations in FOB application

The application of FOB varies significantly across pediatric
age groups due to differences in airway anatomy, size, and
physiological resilience. Neonates and infants have smaller
airway diameters, increased airway compliance, and higher
risks of hypoxia, requiring ultra-thin bronchoscopes (2-2.8
mm in diameter) and meticulous sedation management
[47]. In contrast, older children and adolescents can toler-
ate larger scopes (3-4 mm) and may undergo procedures
under moderate sedation with spontaneous breathing.
Premature infants and those with underlying lung disease
(e.g., bronchopulmonary dysplasia) are at increased risk
for complications such as bronchospasm and desatura-
tion. Furthermore, the indications for FOB may differ by
age: viral and aspiration pneumonias are more common
in infants and toddlers, while MPP predominantly affects
school-aged children and adolescents [47]. Therefore,
age-stratified approaches to patient selection, procedural
planning, and post-procedure monitoring are essential to
optimize safety and efficacy.

Combination with other examination and
treatment methods

The diagnostic and therapeutic efficacy of FOB is sig-

nificantly enhanced when integrated into a multimodal
clinical strategy. FOB should be used in conjunction with
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advanced imaging modalities such as chest computed to-
mography and point-of-care ultrasound, which provide
complementary structural and functional information
about the extent of pulmonary consolidation, pleural in-
volvement, and airway dynamics [48]. BALF obtained via
FOB can be analyzed using rapid molecular techniques
- including multiplex polymerase chain reaction and next-
generation sequencing - to identify pathogens with high
sensitivity and specificity, particularly in cases of culture-
negative or atypical pneumonia [49]. Furthermore, BALF
enables host immune response profiling (e.g., cytokine
and cellular analysis), which, when combined with serum
biomarkers such as procalcitonin and C-reactive protein,
supports differentiation between bacterial, viral, and in-
flammatory etiologies. Physiological assessments, includ-
ing pulmonary function tests (when feasible in older chil-
dren) and pulse oximetry monitoring during and after the
procedure, further refine clinical decision-making. This
integrative approach — combining FOB with imaging, mo-
lecular diagnostics, and systemic biomarkers - facilitates
precise etiological diagnosis, monitors treatment response,
and personalizes management strategies in children with
complex or refractory pneumonia [50].

FUTURE DEVELOPMENT OF FOB

Remarkable achievements have been made for FOB in
the diagnosis and treatment of pneumonia in children.
However, there are still limitations and deficiencies in this
technique, and further development and improvement are
needed. Future developments of FOB are proposed and
described below.

Pediatric applicability of advanced imaging
technologies

While optical coherence tomography (OCT), endoscopic
ultrasound (EUS), fluorescent bronchoscopy (FBS), and
magnetic resonance bronchoscopy (MRBS) offer enhanced
airway and parenchymal visualization, their application
in children remains limited and largely investigational.
OCT, which provides high-resolution cross-sectional im-
aging of airway walls, has shown potential in assessing
bronchial inflammation and remodeling in adult chronic
lung diseases, but its use in pediatric pneumonia is con-
strained by the small diameter of pediatric airways and
the lack of suitably miniaturized probes compatible with
ultra-thin bronchoscopes (2-2.8 mm) used in infants and
young children [51]. Similarly, EUS-guided bronchoscopy,
valuable for evaluating peribronchial lymphadenopathy or
parenchymal consolidation, is rarely performed in chil-
dren due to the size of current echo-bronchoscopes and the
complexity of the procedure, which often requires general
anesthesia and advanced expertise not widely available in
pediatric centers [52]. MRBS, though non-invasive and
radiation-free, is currently theoretical and faces significant
technical hurdles in real-time airway navigation. Future
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development must prioritize the design of pediatric-
specific probes, rigorous safety studies, and clinical trials
in pediatric populations to determine the diagnostic and
therapeutic value of these technologies in childhood pneu-
monia and other respiratory conditions.

Improving the performance and functions of FOB

The performance and functions of future FOB should be
enhanced by increasing the adjustability of related param-
eters such as the diameter, length, and curvature of the
bronchoscope for children of different ages, body weights,
and airway sizes, improving the quality of airway observa-
tion and diagnosis via increasing the clarity, resolution, and
color of the bronchoscope, and enhancing the efficiency
of airway operation and treatment via increasing the oper-
ability, flexibility, and stability of FOB [53].

Adding functions and accessories to FOB

More functions, such as optical, acoustic, electronic, and
magnetic functions, will be added to future FOB for multi-
modality imaging and examination, including OCT, EUS,
FBS, and MRBS, to improve the structural and functional
evaluation of the airways [51]. Meanwhile, accessories for
fiberoptic bronchoscopes, such as various pliers, brushes,
wires, catheters, stents, and balloons, will be added for
multiple airway operations and treatments, including air-
way dilation, resection, biopsy, perfusion, and placement,
to improve airway patency and stability [54].

Combining FOB with artificial intelligence and
robotics

Artificial intelligence and robotics will be combined with
FOB in the future. For instance, artificial intelligence and
machine learning are used to analyze and identify the im-
age and data obtained by FOB to improve the accuracy and
objectivity of airway diagnosis and evaluation, for example,
the identification of airway stenosis, deformity, inflam-
mation, bleeding, and tumors, and evaluation of airway
parameters, including diameter, length, branch, angle, and
wall thickness, which can predict the prognosis and thera-
peutic effect of airway diseases [55]. In addition, robotic
technology is used to optimize and automate the operation
and control of fiberoptic bronchoscopes to improve the
efficiency and safety of airway operation and treatment,
including the accurate positioning, navigation, tracking,
operation, and feedback for the airways [56].

In summary, while FOB has proven valuable in diagnos-
ing and managing pediatric pneumonia, its application in
primary healthcare settings remains limited due to equip-
ment and expertise constraints. Therefore, it is crucial for
clinicians to recognize when referral to specialized centers
is necessary. Key indications for referral include unresolved
pneumonia despite appropriate treatment, suspected as-
piration pneumonia, or when structural airway abnor-
malities are suspected. Timely referral enables accurate
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diagnosis, identification of atypical pathogens, and better
management of complications, ultimately improving pa-
tient outcomes. Further advancements in FOB technology
and training are essential to enhance its accessibility and
effectiveness in pediatric care.
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NpumeHa ¢pubeponTuuke 6POHXOCKONMjE Y AUjarHOCTULM U Nedetby MHEYMOHMje

Kopa Aeue

Xe LlaHr'23, lle-CuHr BaHr'?, Xaj-MuHr Jy'2

'BonHuua MeKnHLLKe peuje 6onHuue y baoauHry, Onembetbe 3a pecnmpatopHe 6onectu, baoauHr, Xebej, KnHa;
*KrbyyHa nabopatopuja y baoauHry 3a KNMHUUKa UCTPaXMBatba PECTIMPATOPHIAX 1 AUreCTUBHIX 60necTy Ko AeLie, baoauHr, Xebej, KnHa;
*KrbyuHa nabopatopuja 3a NaToreHesy 1 NPeLM3Hy A1jarHOCTUKY 1 leyetbe NHdEKTUBHIX 6onecTy Ko AeLie y NPOBUHLMjI Xebej, Xebe),

Knha

CAXETAK

lMHeymoHwja je Bogehu y3pok MopbuamnTeTa 1 MopTanmTeTa KOg
JieLle, a 13a3vBajy je pasHu NaToreHw, Kao LWTo cy 6aKTepuje,
BMPYCY, MMKOMIa3Me 1 IJbUBWLE, O KOjVX CBaKM UMa creLy-
druHe KnuHNYKe MaHudecTauuje. DubeponTyKka GPOHXOCKO-
nuja (OOB) npepcTaB/ba HeMpPOLIeHHVB anaT 3a BU3yanusauujy
OMCajHUX MyTeBa, MPUKYMN/batbe y30paKa 13 Aok YX SUCAJHUX
nyTeBa 1 ANjarHOCTNKOBatbE 1 leyerbe NeanjaTpujcke nHey-
MoHuje. OBaj nperne uctpaxyje ynory ®Ob-a y ynpasbatby
MHEYMOHIjOM Y3POKOBaHOM Pa3fNynTVIM ETUOSOTMjaMa, YKIby-
uyjyhu Mukonnasmy, afeHoBKPYC 1 acnpaLMoHy MHeYMOHWjy.
Takohe ce 6aBv KOMNMKaLjama 1 Mepama ornpesa noBe3aHuM

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):504-511

ca npumeHom OOB-a, Harnawasajyhu 3Hauaj naxbuBor n36o-
pa nauujeHata 1 noTpeby 3a NpaBoBpemMeHUM yrnyhrBatbem y
cnevwyjanv3oBaHe LieHTPe, NocebHO y MpYMapHOj 3APaBCTBEHO)
3awTtnTu, rge npuctyn ®OB-y moxe 6uTy orpaHnueH. Pag ce
3aBpLUaBa Auckycunjom o bynyhem passojy ®OB-a, ca pokycom
Ha HanpeTKy y TEXHONOTVj1, MONyT NOBOJbLUAHOT CINKatba, MyJi-
TUMOZanHKX GyHKLUMja U MHTerpaLinje BelTayke MHTENUreHLm-
je, wTo he nobosbLAaTY AUjarHOCTUYKY TaUYHOCT 1 edrKacHOCT
neyerba NHEYMOHMje.

KrbyuHe peun: pnbepontnyka 6poHX0CKoMNmja; MHeyMoHUja;
AWjarHoCTUKa; Nevetse; Aella
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SUMMARY

Bones are mineralized connective tissue that provides to body anti-gravity support, enables movement
with the help of muscles, and protects internal organs. Individual skeletal quality, as a result of genetic,
hormonal, and external factors, such as nutrition, physical activity and others, is achieved during the
period of growth and development. Peak bone mass is attained by the end of the second decade of
life and is maintained until age 40-50, then gradually decreases without the possibility of rebuilt. It is
therefore clear that the lack of adequate bone mass building during the development period, in addi-
tion to the immediate consequences, represents a high risk of osteoporosis and its complications in
later life, especially in old age. The purpose of this article is to review the importance of optimal calcium,
phosphorus, and vitamin D balance and adequate physical activity during growth and development in

achieving maximizing peak bone mass.
Keywords: bone health; children; adolescents

INTRODUCTION

Bones are specialized mineralized and mul-
tifunctional connective tissue composed of
minerals (60-70%), primarily hydroxyapatite
[Ca (PO,),(OH),], collagenous and non-col-
lagenous proteins (20-40%), cells (osteoblasts,
osteoclasts, and osteocytes) and a small portion
of water and lipids [1]. Osteoblasts induce the
formation of new bone by secreting collagen
tibers, which is then mineralized, while osteo-
clasts dissolve bone by secreting enzymes and
acids. Osteocytes arise from osteoblasts after
finished secreting matrix. They secrete soluble
factors that influence osteoclastic and osteo-
blastic activity and play a central role in bone
remodeling in response to mechanical stress.

According to their formation, structure,
and function, bones are divided into long, flat,
short, irregular, and sesamoid. Long bones in-
clude bones in the upper and lower limbs, while
flat bones form the skull, face, thoracic cage,
and the pelvis. Short bones are present in the
wrist and ankle, and the patella is a sesamoid
bone within the ligament of the quadriceps
femoris muscle.

Long bones, along with short bones and the
patella, support the body’s weight and enable
movement, while flat bones protect internal or-
gans of the head, face, thorax, and pelvis [2]. In
addition, within the flat bones is red bone mar-
row [2]. The vertebrae, the irregular bones of

the spinal column, support the head, neck, and
body, allowing them to move while protecting
the spinal cord at the same time [2]. In addi-
tion, bones are an endocrine organ, reservoir
of calcium and phosphorus, and a significant
participant in the regulation of acid-base ho-
meostasis of the body [2]. The hormonal role of
bone is reflected in the production of fibroblast
growth factor-23 (FGF-23), osteocalcin, and
sclerostin. FGF-23, which originates from os-
teocytes and osteoblasts, enhances renal phos-
phate excretion directly through inactivation
of sodium/phosphate cotransporter (NaPi)-2a
and NaPi-2c¢ in the proximal tubules and indi-
rectly by suppressing [1,25(OH),D,] synthesis
and promoting [1,25(OH),D,] conversion to
inactive [24,25(0OH),D,] [2, 3, 4]. Osteocalcin,
produced by osteoblasts, participates in the
regulation of energy metabolism, glucose toler-
ance, testosterone production, and bone resorp-
tion, while sclerostin, a product of osteocytes,
is a suppressor of osteoblast differentiation [2].

Skeletal quality, as a result of both genetic,
hormonal, and external factors, such as diet,
physical activity, and others, is attained by the
end of the second decade of life. Peak bone mass
achieved during that period is maintained un-
til age 40-50, then bone density gradually irre-
versibly decreases leading, if not at an adequate
level, to various consequences both during that
period and later [5-11]. Also, in numerous dis-
eases, both hereditary and acquired, various
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Table 1. Dietary reference intakes of calcium (mg/d) [15]

glucocorticoids, calcitonin, and FGF-23 have an

Estimated Estimated | Recommended unfavorable effect [15, 16, 21]. The main route of
Age (male ; Upper e . . .
- average average dietary el elimination of calcium from the body is the kidney.
requirement requirement allowance .. . X
The majority of calcium filtered by the glomerulus
0-6 months - - 200 (Al) 1.000 .
is reabsorbed along the nephron, mostly (> 60%)
7-12 months - - 260 (Al) 1.500 . . T
3 00 00 700 5500 from the proximal tubule, so daily calciuria in a
—>years . .
Y healthy child does not exceed 4 mg/kg [16, 20]. A
4-8 years 800 800 1.000 2.500 ise insight into th lcium balance in the bod
9-18 years 1.100 1.100 1300 3000 | Preciseinsightinto the calcium balance in the body

Al - adequate intake

Table 2. Dietary calcium content, percentage absorption, and net absorbed

is obtained by determining the ratio of calcium to
creatinine in the urine (CaUmg/CrUmg), which
normally is 0.1-0.2 [15]. Due to low creatinuria, the

amount [24] upper reference value of CaUmg/CrUmyg in a child
Type of food Ses'ﬂVZ‘Q Sg':;g:: aEgzi;‘a;‘%i Naegsc:r';?;‘ in the first year is higher (up to six months 0.8, and
“ (mg) ("/S : (ma) 6-12 months 0.6) [16, 22]. The main stimulators
Cow milk 250ml | 310 32 100 of tubular calcium reabsorption are [1,25(0OH),D]
White beans (cooked) | 125 ml 85 2 18 and PTH, and the inhibitors are hyperphosphaturia,
Red beans (cooked) 125 ml 26 24 6 metabolic acidosis, and polyuria [16, 23]. In a state
Whole wheat bread slice | 35 g 2 82 21 of negative calcium balance, due to insufficient in-
Broccoli (cooked) 125 ml 33 20 20 testinal reabsorption and/or tubular reabsorption,
Spinach (cooked) 125ml | 129 5 7 maintenance of its serum and intracellular concen-
Almonds (raw, roasted) | 60g 97 21 21 trations is provided by the skeleton [20]. The induc-
Soy “milk” (unfortified) | 125 ml 5 31 2 ers of this process are PTH and [1,25(OH),D] [2].

pathogenetic mechanisms lead to serious disruption of the
integrity of the skeletal bone system [3, 12, 13, 14].

The aim of this review is to highlight the importance
of meeting optimal calcium, phosphorus, and vitamin D
needs, as well as maintaining adequate physical activity
during growth and development to achieve maximized
peak bone mass as essential components of health both
during this period and in later life.

CALCIUM

Calcium is the fifth most abundant element in the human
body. It is predominantly (99%) found in the hydroxyapa-
tite of bones and teeth, and only 1% in other tissues [15,
16, 17]. It is present in serum at concentrations of 2.12-
2.62 mmol/L, both in ionized and non-ionized form, and
in intracellular fluid at 100-200 nmol/L [15, 18]. Calcium
homeostasis is carried out at the level of the gastrointes-
tinal tract, kidneys and skeleton under the influence of
[1,25(0OH),D] and parathyroid hormone (PTH) [15, 16,
19, 20]. A standard diet, with an optimal balance of vita-
min D, meets the body’s calcium needs [15, 16]. It is most
abundant in milk and dairy products, as well as in green
leafy vegetables [15, 16]. Calcium is absorbed in the small
intestine, mainly by active transport and partly by passive
diffusion [15, 16, 20]. The main stimulator of intestinal
absorption is [1,25(OH),D], which induces enterocyte
expression of calcium channels, calbindin, Ca**ATPase
(calcium pump), and 3Na*/Ca** ion exchangers [16].
The utilization of calcium from food is favorably affected
by low chyme pH, lactose, lactic, and citric acids, some
amino acids PTH, growth hormone, prolactin, estrogen,
and insulin-like growth factor, while luminal phosphates,
oxalate, phytate, tannin, iron, rapid intestinal transit,
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Table 1 shows the recommendation of the

Institute of Medicine of the United States of America
(IOM) Committee [15] for reference intakes of cal-

cium in the diet during the period of growth and develop-
ment, and Table 2 shows the calcium content in the diet, the
percentage of absorption and the net amount absorbed [24].
For children aged 0-12 months, the adequate intake is
equivalent to the average calcium intake of a healthy and
optimally nourished breastfed infant, whereas at age 7-12
months, the adequate intake assumes 120 mg calcium from
human milk plus 140 mg calcium from complementary
food, while the recommended dietary allowances for older
children and adolescents are based on intakes associated
with bone accumulation and positive calcium balance [15].
As can be seen in Table 2, the calcium content in food
and the degree of its absorption are highly variable. Milk,
yogurt, and cheese are the best sources of calcium [15,
24]. The degree of calcium absorption from breast milk
compared to cow’s milk, due to the better ratio of calcium
to phosphorus (1.7:1 vs. 1:1), as well as the higher lactose
content (7 g/dl vs. 4.7 g/dl), is 2.5 times higher [25, 26].
Phytates and oxalates, present in spinach, cucumber, po-
tatoes, and beans, inhibit calcium absorption by forming
insoluble calcium salts in the gastrointestinal tract [15].
On the other hand, the bioavailability of calcium from
broccoli, kale, and cabbage, which do not contain these
compounds, is relatively high [15]. However, due to the
low utilization in the former case and the low content in
the latter, these foods are much weaker sources of calcium
compared to milk and dairy products [15, 24]. Therefore,
people with lactose intolerance, milk protein allergy, and
those who avoid dairy products (including vegans) are at
high risk of inadequate calcium intake [27, 28]. The pre-
requisite for covering the need for calcium, regardless of its
origin, is an optimal status of vitamin D [6, 15]. In general,
the degree of absorption of calcium is relatively high if
its content in food is low, as well as during the period of
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growth and development, especially in the phases when it
is the most intense, i.e., in the first three years after birth
and puberty [15]. The recommended daily amount of plain
milk, yogurt or sour milk that, along with other standard
nutrition, provides an optimal calcium balance for a child
in their second year is 500 ml, 2-8 years 625 ml, and 9-18
years 750 ml [29].

PHODPHORUS

Phosphorus is the sixth most abundant element in the hu-
man body. It is mostly found in the hydroxyapatite of bones
and teeth, 15-20% in the intracellular space of soft tissues
and 1% extracellularly [30, 31]. The intracellular concen-
tration of organic phosphates varies from 5 to 70 mmol/L,
and inorganic from 0.7 to > 2 mmol/L [30]. Its concentra-
tions in the extracellular space are 0.8—-1.4 mmol/L, about
85% in free form, 10% bound to proteins and 5% in com-
plex with calcium or magnesium [30].

A normal diet for a healthy person meets their phos-
phorus needs [31, 32]. It is most abundant in protein-rich
foods, such as meat, eggs, milk and dairy products, and
legumes [31]. Phosphorus absorption is carried out in the
small intestine by the active pathway via the 2Na*/HPO42-
cotransporter (NaPi-2b), whose expression depends on
the current needs of the organism and the stimulation of
[1,25(0H),D] [4, 31]. It is also partly absorbed paracel-
lularly (passively) [4, 31]. The main regulator of phos-
phorus homeostasis is the kidney. About 80% of filtered
phosphorus at the glomerular level is actively reabsorbed
at the proximal tubule level via NaPi-2a and NaPi-2c co-
transporters, so its renal clearance is normally only 10.8
+ 2.7 ml/min [4, 30, 31]. The most important stimulator
of tubular phosphorus reabsorption is [1,25(OH),D], and
the inhibitors are FGF-23 and PTH [4, 31, 33].

Considering its high abundance in food, both plant and
animal, and the efficient intestinal absorption (50-90%),
phosphorus deficiency due to negative nutritional balance
as a primary cause of skeletal hypomineralization is rare
[32]. It is seen in hyperphosphaturia caused by excess FGF-
25, such as X-linked, autosomal dominant, and autosomal
recessive hypophosphatemic rickets and tumor-induced
osteomalacia or due to genetic defects of renal tubular
phosphate reabsorption, such as hypophosphatemic rick-
ets with hypercalciuria [3, 4, 30, 34]. On the other hand,
in calcipenic states, either due to insufficient intake and/or
vitamin D deficiency, negative phosphorus balance and ac-
companying skeletal hypomineralization as a consequence
of hyperphosphaturia caused by secondary hyperparathy-
roidism is a common associated phenomenon [35, 36].

VITAMIN D

Vitamin D, i.e., its active metabolite calcitriol [1,25(OH),D],
is an important factor in calcium and phosphorus homeo-
stasis and bone mineralization. In addition to calcium and

phosphorus intestinal absorption and renal reabsorption,
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calcitriol, by activating the nuclear vitamin D receptor, in-
duces the transition of mesenchymal stem cells into mature
osteoblasts and their production of type I collagen, osteo-
pontin, osteocalcin, and other extracellular bone matrix
proteins necessary for the formation and maintenance of
bone strength [6, 37]. In parallel, calcitriol, through the
nuclear vitamin D receptor, exerts a suppressive effect on
the differentiation and activation of osteoclasts — osteolytic
cells that play a crucial role in skeletal modeling and in the
removal of old or damaged bone tissue [16, 37]. Thus, the
endocrine function of vitamin D is primarily directed to
calcium and phosphorus intestinal absorption and renal
reabsorption and skeletal mineralization, except in condi-
tions of hypocalcemia when, together with PTH, it induces
osteoclasts in the mobilization of calcium from bones [6,
15, 37, 38].

Most of our vitamin D needs are met by cutaneous
photolysis of 7-dehydrocholesterol under the action of
sun ultraviolet-B rays of wavelengths 290-315 nm, while
foods, excluding fish oil, fatty fish, liver, egg yolks, edible
mushrooms treated with UV light, and fortified foods,
such as milk formulas, are poor sources of vitamin D [15,
38]. Serum 25(OH)D levels, whose half-life in circulation
is about 15 days, represent a reliable indicator of vitamin
D status in the body [1 = 15; 15]. According to criteria
of the IOM, optimal serum [25(OH)D] levels considered
adequate for bone and overall health in healthy individuals
range from 20 ng/ml (50 nmol/L) to 50 ng/ml (125 nmol/L)
[15]. A value lower than this causes numerous negative
consequences, including optimal bone integrity, while a
value over 125 nmol/L, apart from the risk of a toxic effect
of vitamin D, has no evidence to support additional health
benefits. Associations of the Nordic and DACH countries
(Germany, Austria, and Switzerland), Australia and New
Zealand, as well as the American Academy of Pediatrics
and the Endocrine Society agree with the IOM guidelines
regarding the lower limit of vitamin D adequacy based on
serum [25(OH)D] concentration [6, 39].

The required and upper levels of vitamin D intake in
the absence of optimal sun exposure according to the IOM
recommendations are given in Table 3 [15]. The European
Food Safety Authority and the Endocrine Society agree with
the IOM recommendations, as do the European Society of
Pediatric Gastroenterology, Hepatology and Nutrition and
the American Academy of Pediatrics [6, 40, 41].

PHYSICAL ACTIVITY

It is well known that physical activity with its stimulat-
ing effect during childhood and early adulthood plays a
vital role in the development and achieved pick bone mass
and thus the prevention of osteoporosis and its compli-
cations in later life [5, 7-11, 42]. Certainly, in order to
preserve the acquired quality of the skeletal system, this
practice, along with optimal intake of calcium, phosphorus,
protein and other nutritional factors, as well as ensuring
an adequate balance of vitamin D, should be continued in
other stages of life [43-46].
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Table 3. Dietary reference intakes of vitamin D for children and ado-
lescents [15]

Life stage Recommended dietary Upper-level intake
group (years) allowance (IU/day) (IU/day)

0-6 months 400* 1.000

6-12 months 400* 1.500

1-3 years 600 2.500

4-8 years 600 3.000

9-18 years 600 4.000

*adequate intake for infants 0-12 months of age is 400 IU/day

Table 4. World Health Organization guidelines on physical activity of
children and adolescents [47, 48]

« Children 1-2 years of age should spend at least 180 minutes in
a variety of types of physical activities at any intensity, including
moderate-to vigorous-intensity physical activity, spread
throughout the day; more is better.

« Children 3-4 years of age should spend at least 180 minutes in
a variety of types of physical activities at any intensity, of which
at least 60 minutes is moderate- to vigorous- intensity physical
activity, spread throughout the day; more is better.

« Children and adolescents (aged 5-17 years) should do at least an
average of 60 minutes per day of moderate- to vigorous-intensity,
mostly aerobic, physical activity, across the week. Vigorous-
intensity aerobic activities, as well as those that strengthen muscle
and bone, should be incorporated at least three days a week.
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The World Health Organization guidelines on physical
activity of children and adolescents are given in the Table
4 [47, 48]. Identical recommendations also come from the
U.S. Department of Health and Human Services, 2018 [46].

CONCLUSION

Bone mass attained during growth and development is one
of the most important determinants of lifelong skeletal
health. Peak bone mass, which is attained by the end of
the second decade of life, is maintained until the age of
40-50, and then gradually decreases without the possibility
of being rebuilt. Optimal coverage of calcium, phosphorus
and vitamin D needs and adequate physical activity during
the developmental period are crucial for good bone health
both at that age and in later life stages.
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3Hauaj onTMManHor 6anaHca Kanumjyma, pocdopa u BuTamuHa [l u ageKkBaTHe
¢13MuKe aKTMBHOCTM TOKOM NEPUOAA PacTa U Pa3Boja 3a KOLITAHO 34PaB/be

Bnagumup Pagnosuh'2, Cunuiwa [yunh'?, bojaH Byksa'?, lopaH hypuunh'?, Hegersko Pagnosuh?, 3opaH Jlekosuh'?

'YHuBep3utet y beorpapy, MeguumHcku dakynter, beorpag, Cpbuja;

YHnBep3uTeTCKa fievja KnHuKa, beorpag, Cpbuja;

*Cpnicko nekapcko ApyLTBO, AKagemuja MeanLMHCKIX Hayka, beorpag, Cpbuja

CAXKETAK

Koctn cy MmHepanv3oBaHO BE3NBHO TKMBO Koje Teny npy»ka
aHTUrpaBMUTaLMOHN OCNOHaL, omoryhaBa KpeTatbe y3 nomoh
muwmnha n WTUTU yHyTpawmwe opraHe. IHAnBmUAayanHmu
KBaNNTET CKesleTa, Kao pe3ynTaT FeHETCKMX, XOPMOHAJTHUX 1
crosballbux GakTopa, Kao LUTO Cy McXpaHa, pU3nyKa akTUBHOCT
1 ApYru, NOCTUXe ce y Mepmnoay pacta 1 passoja. BpxyHau
KoLUTaHe Mace JOCTUXe Ce KpajeM apyre feLieHuje XnsoTa 1
oppxa.a ce go 40. unu 50. roguHe, a 3aTMM NOCTENEHO onaga

‘ DOI: https://doi.org/10.2298/SARH250630068R

6e3 moryhHocTn obHaBsbatba. CTora je jacHo fja n3ocTaHak
afeKBaTHe M3rpajhe KolTaHe mace y nepuoay passoja,
nopej HenocpeAHUX NocneanLa, NpeacTaBba BUCOK PU3MK
0f} 0CTEOMNOPO3€e U HEHVX KOMIIMKALMja Y KaCHWjeM XXNBOTHOM
poby, nocebHo no3Hom. CBpxa OBOT UaHKa je Aa ce carnepa
3Hauaj onTumanHor 6anaHca Kanuujyma, docdopa v BUTaMmMHa
[l v apeKBaTHe $r3MYKe aKTVBHOCTN TOKOM pacTa 1 pa3Boja y
MOCTM3atby MaKCVMaHe BPLUHE KOLUTaHe Mace.

KrmbyuHe peuu: KolwTaHO 34paBibe; AeLia; afonecLUeHT
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SUMMARY

Constipation is a common problem in childhood and adolescence. It occurs as a functional (primary or
idiopathic) disorder or as part of various pathological conditions that compromise intestinal emptying.
In 90-95% of cases, constipation in childhood and adolescence is of a functional nature.

Given the seriousness of the problem, as well as potential complications — sometimes very severe — con-
stipation requires prompt diagnostic and therapeutic intervention.

The therapy of functional constipation is based on dietary modification to normalize the consistency of
the stool and facilitate defecation, as well as establishing a normal rhythm of intestinal emptying, and,
during the first two months — sometimes longer - the use of laxatives; therapy for secondary constipa-

tion targets the underlying cause.

Keywords: constipation; children and adolescents; clinical manifestations; therapy

INTRODUCTION

The term ‘constipation’ implies difficult, in-
complete, and irregular elimination of exces-
sively consistent fecal content [1, 2]. Defecation
is often painful and sometimes accompanied
by traces of light blood in the stool [2, 3].
According to the literature data, it is registered
in 3-14% of children and adolescents [2, 4-8].
From the etiological aspect, it is classified into
functional (primary or idiopathic) and second-
ary [1, 2]. Functional constipation, unlike the
secondary one, is characterized by the absence
of a pathological background accompanied by
difficult intestinal emptying [1]. Constipation
in childhood and adolescence is in 90-95% of
cases of a functional nature [1, 2].

This article provides a brief overview of
the etiopathology, clinical characteristics, and
treatment of constipation in childhood and
adolescence.

FUNCTIONAL CONSTIPATION

Functional constipation is, along with recurrent
functional abdominal pain and irritable bowel
syndrome, the most common functional gas-
trointestinal disorder in childhood and adoles-
cence [4, 9, 10, 11]. It occurs between the ages
of 2—4 years, less often earlier or later, until the
onset of puberty with equal frequency in both
sexes, and then somewhat more commonly in
girls 1, 3, 4, 12, 13, 14].

From an etiopathogenetic perspective, func-
tional constipation is a multifactorial disorder,
i.e. it occurs as a consequence of hereditary
predisposition, consumption of a diet low in

fiber content, including fruits and vegetables,
neglect of normal toilet rhythm, poor fluid
intake, insufficient physical activity, and psy-
chological problems (stress, anxiety, depres-
sion), or a combination of these factors [1, 2,
7, 15-19]. In order to prevent constipation,
the diet of children and adolescents must be
complete and optimally balanced. It is known
that adequate intake of fruits, vegetables, and
less-refined cereals favors regular bowel move-
ments, while excessive consumption of animal-
based foods, especially milk, cheese, and eggs,
as well as chocolate sweets, has the opposite
effect [1, 17, 18]. Optimal intake of fermented
dairy products in liquid form, such as yogurt
and sour milk, compared to regular milk, has
a less negative impact on intestinal motility
[19, 20]. An extremely important place in the
prevention of constipation is not to neglect the
gastrocolic reflex, i.e., the urge to go to the toi-
let, which occurs naturally 15-30 minutes after
a meal, especially in the morning [21, 22].

In addition to immediate discomfort, con-
stipation is often accompanied by additional
manifestations, such as poor appetite, nausea,
abdominal pain, anal fissures, rectal prolapse,
and fecal impaction [1, 3, 15, 17, 23]. Anal fis-
sures and prolapse of the rectal mucosa cause
very painful defecation and bleeding, while the
decomposition of intestinal contents above the
fecal plug, which is seen in more severe and
neglected cases of constipation, leads to pseu-
dodiarrhea and encopresis [1, 3, 15, 16, 17,
23]. In addition, it should be noted that “lazy
bowels” are often accompanied by “lazy blad-
ders,” so these children, especially girls, show
an increased tendency to urinary tract infec-
tions [2, 17, 19, 23]. Extremely rarely, mainly in
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adolescence, neglected chronic constipation can be com-
plicated by hemorrhoids, secondary megacolon, and even
stercoral perforation accompanied by peritonitis, sepsis,
and a potentially fatal outcome [24-27]. It has been proven
that long-term chronic functional constipation can also
have negative repercussions on the longitudinal growth
of a child [17, 28].

Considering the numerous complications and possible
consequences, often very serious, functional constipation
requires timely diagnosis and appropriate treatment [4,
29].

The diagnosis of functional constipation is based on
the exclusion of a pathological background of the disorder
and the presence of two or more of the following criteria
occurring at least once a week for at least one month: <2
defecations per week in a child > 4 years of age, > 1 epi-
sode of fecal incontinence per week, evidence of retentive
posturing or excessive volitional stool retention, evidence
of hard or painful bowel movements, presence of large
fecal mass in rectum and large diameter stools that ob-
struct the toilet [4]. Digital rectal examination should not
be performed routinely in functional constipation, i.e., it is
indicated only in conditions suspected of fecal impaction,
Hirschsprung disease, and anorectal anomaly [1, 29]. Also,
in the absence of anamnestic and/or clinical indicators that
would indicate constipation as a secondary manifestation,
radiographic or ultrasound examinations of the abdomen,
as well as contrast enemas and various laboratory and oth-
er tests, are not necessary [1, 18, 29]. Anorectal manometry
offers a more detailed assessment of anorectal function
and sensation in patients with functional constipation ac-
companied by fecal incontinence, as well as in those who
do not respond to standard therapy or those suspected of
having dyssynergic defecation [7, 18, 30].

The therapy of functional constipation is based on
dietary modification to normalize the consistency of the
stool and facilitate defecation, as well as establishing a nor-
mal rhythm of intestinal emptying (toilet training) and
during the first two months — sometimes longer — the use
of laxatives [1, 7, 17, 29, 31, 32]. Physical activity and op-
timal fluid and fiber intake stimulate intestinal peristalsis,
while excessive fiber intake has a counterproductive effect
and is not recommended [1, 2, 17, 18, 19, 29, 32]. The use
of glycerin suppositories and enemas is only justified in
cases of fecal impaction [1, 16, 29]. Due to possible colon
perforation, digital disimpaction should be avoided [1].
According to the results of a large number of studies, there
is no evidence that the use of probiotics, symbiotics and
prebiotics significantly contributes to resolving functional
constipation [29, 33]. Table 1 provides the doses of the
most commonly used laxatives intended for the treatment
of constipation in children and adolescents [1, 16, 17, 29,
32, 34, 35].

Polyethylene glycol (PEG) is the first-choice laxative in
the treatment of functional constipation. It is characterized
by good solubility in water, negligible intestinal absorption
(0.1-0.2%) and, accordingly, high effectiveness in treating
constipation in all ages [1, 16, 29]. In addition, it is success-
tully used in the treatment of fecal impaction [1, 18, 29].

‘ DOI: https://doi.org/10.2298/SARH250630067R
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Table 1. Dosages of most-frequently used laxatives

Laxatives Age (years) | Dosages

Maintenance: 0.2-0.8 g/kg/day;
Pcl)li/slthylene Allages | Fecal disimpaction: 1-1.5 g/kg/day
gy (max. six consecutive days)
Lactulose .
(70% solution) Allages | 1-2 mL/kg/day in one or two doses
Sorbitol 1-11 1 mL/kg/day in one or two doses

(70% solution) >12 15-30 mL/kg/day in one or two doses
1-6 0.5-1 g/kg/day in two or three doses

Lactitol 6-12 10-30 g/day in two or three doses
12-18 | 20-60 g/day in two or three doses

Glycerin <1 0.5 pediatric suppositories once daily

suppository >1 1 pediatric suppository once daily

Table 2. Causes of secondary constipation in childhood and adoles-
cence

Hirschsprung disease Anorexia nervosa
Anorectal malformations
Spina bifida
Hypothyroidism
Diabetes mellitus

Psychological stress
Depression

Autism

Cerebral palsy

Meningomyelocele

Chronic intestinal pseudo-obstruction
Visceral/autonomic neuropathy

Celiac disease

Cow's milk protein allergy
Cystic fibrosis

Diabetes insipidus
Vitamin D intoxication

Diuretics

Anticholinergics

Hypokalemia Anticonvulsants
Uremia Calcium channel blockers
Porphyria Antidepressants

Down syndrome
Ehlers-Danlos syndrome
Scleroderma

Chemotherapy
Methylphenidate
Heavy metal poisoning (Pb, Hg, Cd, As)

Like other oral laxatives, it is contraindicated in diseases
accompanied by intestinal obstruction [18].

Lactulose (4-0-p-D-galactopyranosyl-D-fructofuranose)
is a synthetic disaccharide composed of galactose and fruc-
tose molecules linked by a f1>4 glycosidic bond. Like
PEG, it is used in the treatment of functional constipation
at all ages [1, 16, 29]. It achieves its laxative effect by not
breaking down in the small intestine and, together with
the accompanying water fraction, reaches the colon mak-
ing fecal contents less consistent and easier to eliminate
[18, 35]. The osmotic laxative effect is further enhanced
by lactic and acetic acids, which are produced by the fer-
mentation of a portion of lactulose by colonic bacteria. The
use of lactulose in the treatment of functional constipation,
thanks to its high efficiency and safety, has lasted for more
than 50 years. Due to the presence of free galactose, it is
contraindicated in patients with galactosemia.

Sorbitol and lactitol are polyhydroxy alcohols (polyols)
with a sweet taste. The osmotic laxative effect is a result of
the low degree of intestinal absorption.

There are other medications for the same purpose, such
as magnesium hydroxide, magnesium citrate, bisacodyl,
sodium phosphate, sodium picosulfate, senna, and mineral
oils, but their use in the treatment of functional constipa-
tion in children and adolescents is less common [17, 29,
32, 35].
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SECONDARY CONSTIPATION

Secondary constipation is a consequence of pathological
conditions that compromise intestinal emptying. It occurs
as part of various anatomical, neuromuscular, inflamma-
tory, endocrine, metabolic and neoplastic diseases, the use
of some drugs and heavy metal poisoning (Table 2) [1, 2,
4,5, 36-48].

With the exception of Hirschsprung disease and ano-
rectal malformations, where constipation may be the only
sign of the disease, in the other pathological conditions
listed it is only one of the manifestations of the underlying
disorder [44]. Therefore, a detailed history and complete
physical examination play an important role in identify-
ing the underlying disorder and planning its confirmation.
Accordingly, it should be noted that the failure to pass me-
conium within 48 hours after birth suggests Hirschsprung
disease, the presence of persistent constipation with onset
in the neonatal period suggests Hirschsprung disease, cystic
tibrosis, hypothyroidism, congenital anomalies of the ano-
rectal or spinal region, the absence of anal and/or cremas-
teric reflex suggests a spinal cord anomaly, verification of
spasm, and lack of rectal contents on digital examination,
and explosive elimination of liquid stool and gases upon
finger withdrawal suggests Hirschsprung disease, hypertri-
chosis, fovea, lipoma or hemangioma in the lumbar region
suggests spinal dysraphism, and the like [1, 17, 23].
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Treatment of secondary constipation is primarily causal

in nature.

CONCLUSION

Constipation is a common disorder in childhood and
adolescence. Functional constipation, which accounts
for 90-95% of this disorder, occurs in the absence of a
pathological background, while secondary constipation is
a consequence of various pathological conditions accom-
panied by the inability to have normal intestinal emptying.
Considering the importance of the problem, as well as the
potential complications, sometimes very serious, chronic
constipation requires a prompt diagnostic and therapeutic
approach. The therapy of functional constipation is based
on dietary modification, normalizing the rhythm of in-
testinal emptying, and adjuvant use of laxatives, while the
treatment of secondary constipation is causal in nature.
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OncTvnauumja y aedjem u agonecueHTHom aoby

Bnagumup Pagnosuh'?, Cunuwa [yuunh'2 Metap Pocuh', bojaH BykBa'? lopaH Hypuunh'?, Hegerbko Pagnosuh?, 3opaH JlekoBuh'2

'YHuBep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;

2YHnBep3uTeTCKa fievja KNHKKa, beorpag, Cpbuja;

*Cpnicko neKapcko ApyLITBO, AKadeMuja MeanLIMHCKMX HayKa, beorpag, Cpbuja

CAXETAK

OncTunauuja je YecT Npobnemy Aeyjem 1 afonecLeHTHOM J00yY.
JaBrba ce Kao GyHKLMOHANHN (MPUMapHU UK VAMOMATCKK)
nopemehaj Unn y oKBypy pasinymTX NaToNoLWKKX CTakba Koja
KOMMNPOMUTYjy MHTECTUHANHO Npaxtberbe. Y 90-95% cnyyajesa
oncTunauuja y iedjem 1 afonecLeHTHOM o0y je dyHKLMOHanHe
npupoge. Mimajyhu y By 036ubHoCT npobnema, kao 1 moryhe
KOMMAvKaLwje, Hekag 1 Beoma 0361ibHe, oncTunaLmja 3axTeBa
HeoANnoXaH AnjarHoCTUYKO-Tepanujckn npuctyn. Tepanuja

DOI: https://doi.org/10.2298/SARH250630067R

byHKLMOHaNHe oncTmnaymje 3acHrBa ce Ha moavdukaumjm
MCXpaHe paau HopManu3auuje KOH3MUCTeHUmje cTonnue
1 ONaKLWatba akTa gedekauuje, Kao 1 Ha yCrnocTaB/batby
HOPManHOr PUTMa UHTECTUHANHOT NpaXtetba. TOKOM npBa
[Ba MeceLia, a MOHeKaz 1 Jyxe, NPUMekbYjy ce naKkcaTrBy, AOK
je Tepanuja cekyHaapHe oncTunaLmje Kay3anaHor KapakTepa.

KrbyuHe peuun: onctvnauuja; eua v afgonecueHT; KmHuyKe
MaHudecTaluje; Tepanuja
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SUMMARY

Introduction Effective perioperative pain management remains a cornerstone of modern anesthesiology,
directly influencing patient outcomes, recovery times, and overall satisfaction. This paper aims to explore
advancements in perioperative analgesia, focusing on updated guidelines, innovative strategies for pain
management, and the role of multimodal anesthesia in optimizing outcomes. The paper highlights the
anesthesiologist’s pivotal role in implementing these strategies while addressing challenges such as
opioid overuse and inadequate pain control.

Methods A comprehensive study was conducted, analyzing recent studies, clinical trials, and guideline
updates published over the past decade. The paper examines the evolution of multimodal anesthesia,
which integrates non-opioid analgesics, regional techniques, and non-pharmacologic interventions to
reduce opioid reliance and enhance recovery. Special attention is given to the management of pain in
vulnerable populations, including pediatric and geriatric patients, and those with chronic conditions.
Results Findings reveal that adherence to evidence-based guidelines, combined with a multimodal ap-
proach, significantly improves pain management and patient outcomes. Recent innovations, including
the use of enhanced recovery after surgery protocols, perioperative nerve blocks, and adjunct therapies
such as ketamine and gabapentinoids, are reshaping clinical practice. The paper also emphasizes the
importance of personalized pain management plans and continuous education for anesthesiologists.
Conclusion This paper concludes that the integration of updated guidelines, multimodal strategies,
and patient-centric care models is essential for achieving optimal analgesic outcomes. Future research
should focus on refining multimodal protocols, exploring novel analgesics, and addressing barriers to
implementation in diverse clinical settings.

Keywords: perioperative analgesia; multimodal anesthesia; enhanced recovery after surgery

INTRODUCTION

Effective perioperative pain management is a
critical aspect of modern anesthesia. Poorly
controlled pain during and after surgery
not only delays recovery but can also lead to
short- and long-term complications, including
chronic post-surgical pain (CPSP) and opioid
dependency [1]. Current clinical practice often
relies heavily on opioids as the cornerstone of
analgesia, despite the well-documented risks
of opioid-related side effects, including respi-
ratory depression, nausea, and the potential
for long-term dependency. Pain management
remains inconsistent across different health-
care settings, with significant variability in the
adoption of multimodal analgesic strategies and
adherence to evidence-based guidelines [2].
New guidelines and research emphasize
the need for multimodal anesthesia (MMA) —
an approach that combines various analgesic
techniques and pharmacologic agents that act
synergistically to target different pain pathways
and reduce the reliance on any single drug, par-
ticularly opioids. Techniques such as regional

anesthesia and the use of adjunctive medica-
tions (e.g., ketamine, dexmedetomidine, and
gabapentinoids) are gaining interest in the last
decade. The integration of these strategies into
routine clinical practice is still slow, due to lack
of training, resource constraints, and variability
in institutional protocols [1].

The aim of this review is to address updates
to guidelines, novel perioperative pain manage-
ment strategies, and the role of MMA in opti-
mizing surgery outcomes, as well as improving
and enhancing patient-centered care.

METHODS

Literature search was conducted using PubMed,
MEDLINE, and Google Scholar database for
published articles in the past 30 years (1995-
2025). Terms used in the search were “peri-
operative analgesia,” “multimodal analgesia,”
“MMA,” “enhanced recovery after surgery,”
“ERAS,” “perioperative pain,” “multimodal
anesthesia,” “anesthesia.” Further articles were

found through cross-referencing. Only articles
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that included human studies and were published in English
were included in the review. Primary studies (e.g., retro-
spective studies, prospective studies, observational studies,
randomized controlled trials, etc.), basic science research,
metanalyses, and systematic reviews were included, while
case reports were excluded from the review.

Current challenges in pain management

Reliance on opioids as the primary analgesic has contrib-
uted to the opioid crisis, indicating a need for safer, mul-
timodal approaches. Perioperative pain management is
particularly challenging in special populations, such as
elderly patients, pediatric patients, and individuals with
significant comorbidities. A change in clinical practice is
required, which focuses on individualized, evidence-based
strategies that decrease opioid use, but still offer efficient
analgesia.

Inadequate perioperative pain control

Perioperative pain control remains inadequate, despite
advances in anesthetic techniques and pain management
protocols. Many surgical patients continue to experience
moderate to severe postoperative pain. Poorly managed
pain can lead to immediate postoperative complications,
prolonged hospital stays, and even long-term health con-
sequences such as CPSP [3].

CPSP is defined as pain persisting beyond three months
after surgery and affects approximately 10-50% of patients,
depending on the surgical procedure [4]. Surgeries with
the highest CPSP incidence include thoracotomy, mas-
tectomy, total knee arthroplasty, hernia repair, and am-
putation. Risk factors for CPSP include poorly controlled
acute pain, repeated surgical trauma, nerve damage, psy-
chological stress, and pre-existing chronic pain conditions.
Effective perioperative pain management, particularly
through regional anesthesia and multimodal analgesia,
can significantly reduce the risk of CPSP [4].

Severe postoperative pain can lead delayed recovery
and increased morbidity, including the risk of deep vein
thrombosis (DVT), pulmonary embolism, pneumonia,
and muscle deconditioning. Inadequate analgesia prolongs
hospital stays and increases the likelihood of unplanned
readmissions, raising healthcare costs. Poorly controlled
pain can impair gastrointestinal function, leading to post-
operative ileus, nausea, and vomiting, further delaying re-
covery [5]. It can also have significant psychological and
emotional impact, contributing to postoperative anxiety,
depression, and sleep disturbances [6].

Opioid use and associated risks

Opioids have traditionally been the cornerstone of peri-
operative pain management due to their potent analgesic
effects. Overreliance on opioids and their widespread use
has led to a host of complications, including dependency,
addiction, and a growing healthcare burden. Studies in-
dicate that 5-10% of opioid-naive patients who receive
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opioids postoperatively develop long-term dependence
[7]. A significant proportion of opioid-related deaths stem
from prescriptions initially provided for postoperative
pain management [8]. Adverse effects of opioids include
acute opioid tolerance, iatrogenic withdrawal syndrome,
persistent opioid use, chronic pain, and opioid-induced
hyperalgesia [9].

MMA PROTOCOL IN PAIN MANAGEMENT

Pharmacological combinations of analgesics and non-
pharmacological therapies and minimize opioid use are
the fundamental components of MMA protocol. Adjuvant
therapies should be administrated before surgery to opti-
mize intraoperative and postoperative analgesia, to reduce
opioid-related adverse effects in the recovery period [10].

Multimodal approach is more focused on non-opioid
analgesics (nonsteroidal anti-inflammatories, acetamino-
phen, gabapentinoids, N-methyl D-aspartate (NMDA)
antagonists, alpha-2-agonists), regional anesthesia tech-
niques, and non-pharmacological strategies to decrease
the use of opioids and associated side effects [10]. It may
be more effective as a pain control strategy, decreasing the
complications associated with suboptimal pain control,
such as pneumonia, DVT, and postoperative cognitive
dysfunction. Nevertheless, opioids still have a critical role
in acute postoperative pain management especially for
procedures where a primary regional, neuraxial, or local
infiltration is not possible [11].

Acetaminophen remains the recommended first-line
treatment for mild-to-moderate acute pain in general
population, especially in vulnerable populations. It can be
used in combination with non-steroidal anti-inflammatory
drugs (NSAIDs) with synergistic effect, which is desir-
able in multimodal protocols for optimal pain control [12].
There is evidence that acetaminophen achieves analgesic
effect through multiple pathways. One mechanism of ac-
tion is through cyclooxygenase (COX)-dependent inhibi-
tory effect and by the formation of the bioactive AM404
metabolite as a potent activator of transient receptor poten-
tial vanilloid 1, a major contributor to neuronal response
to pain in the brain and dorsal horn. Acetaminophen also
decreases central oxidative stress and prostaglandin release,
which effects descending pain inhibitory pathways. The
side effects are generally mild and include nausea, head-
ache, stomach pain, and a rash, while the most serious side
effect is liver toxicity which does not occur unless taken
in large quantities [13].

NSAIDs reduce pain by reducing the activity of cyclo-
oxygenase (or COX) enzymes and inhibiting peripheral
prostaglandin synthesis. Non-selective NSAIDs such as
ibuprofen, diclofenac, and naproxen inhibit both COX-1
and COX-2 enzymes. Selective NSAIDs (COX-2 inhibi-
tors, coxibs) such as celecoxib and etoricoxib selectively
inhibit COX-2, which plays a greater role in prostaglandin
mediated pain and inflammation [14]. NSAIDs are rou-
tinely used in perioperative and postoperative analgesia, as
opioid-sparing analgesics, for treatment moderate to severe

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):521-527



Advancements in perioperative analgesia

Table 1. Non-opioid analgesics used in multimodal approach of pain control

Analgesics

Analgesic Mechanism
of action

Application

Dosage

Adverse effects

Acetaminophen

« Inhibiting COX-1
and COX-2 enyzmes

« Activating the
TRPV1 and CB-1

Oral, rectal, and
intravenous route

«In children > 12 years and
adults 500-1000mg every 4-6
hours (maximum 4000 mg
daily)

«In children one month to 12
years 15 mg/kg per dose every
six hours

- Potentiate warfarin anticoagulation

« Chronic alcohol misuse increases the
risk of toxicity

- Contraindicated in cases of active liver
disease or severe hepatic impairment.

« Other: skin rash, hypersensitivity
reactions, nephrotoxicity

NSAIDs

« Non selective
inhibition of both
COX-1 and COX-2 or
selective inhibition
of COX-2

Oral, intramuscular,
and intravenous
route

Diclofenac: 50-75mg mg 2-3
times/daily or (max 150 mg)
PO or IM.

Ibuprofen: Initial dose 400 mg IV,
then 100-200 mg 4-6 hours IV
1200-3200m/daily in 3-4 doses
PO

Ketrolac: 15-30 mg every 4-6
hours IM or IV or 10 mg 4-6
hours PO

Meloxicam: 7.5-15 mg daily PO
Celecoxib: 50-200 mg (daily in
one or two doses PO

+ Prolonged use can lead to gastric, renal
and cardiovascular adverse effects

+ Hepatic adverse effects are less common

+ Possible hematologic adverse effects
in hemophilia, thrombocytopenia, von
Willebrand, etc.)

+ Other: anaphylactoid reactions
that involve urticaria and aspirin-
exacerbated respiratory disease.

Gabapentinoids

« Inhibition of
calcium-mediated
neurotransmitter
release through
effects on a28-1
subunits

Oral route

Gabapentine: 900-3600 mg/day
in three doses PO
Pregabaline:150-600 mg/day in
two to three doses PO

« CNS adverse effects (dizziness,
senescence, gait disturbances)

- Gastrointestinal adverse effects
(abdominal distension, abnormal
appetite, constipation, dry mouth and
nausea)

+ Weight gain

- Respiratory depression when used in
combination with opioids

NMDA
antagonist
(ketamine)

« NMDA and
glutamate receptor
antagonist

Intranasal,
intravenous
intramuscular
route

+0.3-0.5 kg/kg IV bolus
+0.1-0.2 mg / kg / h IV infusion
+ 1 mg/kg intranasally

« Cardiovascular, gastrointestinal,
respiratory, neurologic and psychiatric
side effects

- Coadministration with opioid analgesics,
benzodiazepines, CNS depressants, and
alcohol, may induce profound sedation,
respiratory depression, coma, and
potentially fatal outcomes.

» Coadministration with
sympathomimetic medications may
increase sympathomimetic effects

- Coadministration with theophylline or
aminophylline could potentially reduce
the seizure threshold.

« Contraindicated in patients with aortic
dissection, uncontrolled hypertension,
myocardial infarction, or aneurysms

Magnesium

NMDA receptor
antagonist

Oral, and
intravenous route

Post-surgery: 30 mg/kg bolus
followed by an infusion of 10
mg/kg/h

Oral intake

Children 2.5-5 mg/kg daily
Adults 310-420 mg/daily

Contraindicated in renal dysfunction,
pregnancy, and neuromuscular disease.
Hypermagnesemia (levels greater

than 2.6 mg/dL and above) can lead

to cardiovascular complications,
neurological disorder, cardiorespiratory
arrest (serum values exceeding 15 mg/dL)

Alpha-2 agonists

Agonist of
presynaptic and
postsynaptic a,-
adrenergic receptors
nociceptive

Oral, IV,
transdermal,
epidural, perineural

Clonidine

Oral premed: 2-4 pg/kg; IV
bolus: 1-2 pg/kg;

Epidural: 150-300 pg
Dexmedetomidine

IV bolus: 0.5-1 pg/kg over 10
min

Infusion: 0.2-0.7 pug/kg/h

Hypotension, bradycardia, sedation, dry
mouth

Contraindicated in severe
bradyarrhythmia, hemodynamic
instability, severe ventricular dysfunction,
uncontrolled cerebrovascular disease

Intravenous
lidocaine

Inhibition of VGSCs
inhibition of G
protein-coupled
receptors
Inhibition of NMDA
receptors

Intravenous route

1.5 mg/kg IV bolus
1-2mg/ kg / h IV infusion

Cardiovascular (bradycardia,
hypotension) and neurological side
effects (dizziness, seizures)

COX - cyclooxygenase; TRPV - transient receptor potential vanilloid; CB — cannabinoid; IM — intramuscular; IV — intravenously; PO - per os;
NMDA - N-methyl-D-aspartate; CNS - central nervous system; VGSC - voltage-gated sodium channel
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pain in children and adults. Regarding adverse effects and
safety of NSAIDs, most patients are not at any increased
risk of developing adverse central, gastrointestinal, renal
and respiratory adverse events. The recent introduction
of celecoxib, a selective COX-2 inhibitor, has significantly
decreased the risk of postoperative gastrointestinal bleeding
and anastomotic leak that are traditionally associated with
non-selective NSAIDs. Despite their overall favorable safety
profile, NSAIDs should be used with caution in patients
with non-erosive reflux disease, patients with prior myo-
cardial infarction on antithrombotic therapy, patients with
asthma, and patients with a history of renal disease [15].

Gabapentinoids (gabapentin and pregabalin) are
antiepileptic agents which can be used as perioperative
analgesics. Mechanism of actions involves inhibition of
presynaptic calcium-mediated neurotransmitter release
through effects on a26-1 subunits in the dorsal root gan-
glia and spinal cord which are upregulated in the event of
surgical trauma, resulting in non-distribution excitatory
neurotransmitters [16]. Gabapentinoids are effective in
gynecologic, breast, orthopedic, and spine surgery, when
administered two hours before surgery in smaller doses
due to concern for respiratory depression [17].

NMDA antagonist. Ketamine has been shown to ef-
fectively alleviate pain as antagonists of central NMDA
receptors. Its effects are dose dependent: at anesthetic
doses it produces dissociative anesthesia, whereas at sub-
anesthetic doses (typically 0.25-0.5 mg/kg bolus followed
by 0.1-0.3 mg/kg/h infusion) it exerts strong analgesic
and anti-hyperalgesic effect without loss of consciousness
[18]. The most common adverse events associated with
ketamine/s-ketamine are dissociation, anxiety, nausea, in-
creased blood pressure, and headache. Most side effects are
mild, transient, dose dependent, and attenuate with sub-
sequent treatments. When compared to ketamine, use of
subanesthetic S-ketamine in MMA protocols is associated
with fewer psychomimetic adverse effects, less emergence
delirium, and overall better tolerability [19].

Magnesium is a NMDA receptor antagonist, causing
central nervous system (CNS) depression through calcium
channels. Magnesium has analgesic effect, reduces postop-
erative pain and opioid consumption in surgical patients
and can be successfully used as a part of multimodal peri-
operative analgesia [20].

Alpha-2 agonists (clonidine, dexmedetomidine) are
often used perioperatively to enhance analgesia, stabi-
lize hemodynamics, and reduce opioid consumption [2].
They act as antagonists of presynaptic and postsynaptic
ap-adrenergic receptors in the CNS, leading to inhibition
of norepinephrine release, decreased sympathetic outflow,
and modulation of spinal and supraspinal nociceptive
transmission. This results in sedative, anxiolytic, and an-
algesic effects, along with an opioid-sparing action valuable
in perioperative pain management [11]. Adverse effects
are generally dose dependent and include bradycardia, hy-
potension, sedation, and, less frequently, dry mouth and
delayed recovery if overdosed.

Intravenous local anesthetics (lidocaine). These medi-
cations are currently not routinely used for perioperative
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pain control, because of limited evidence available in the
literature [13]. There are data that indicate that lidocaine
infusions reduce postoperative pain scores, nausea, and
vomiting, and accelerate bowel function and reduce opi-
oid consumption after abdominal surgery [21]. Lidocaine
inhibits of sodium channels, G protein-coupled receptors,
and NDMA receptors, leading to suppression of local and
systemic inflammation, nociceptive transmission, and cen-
tral sensitization. Side effects from perioperative intrave-
nous lidocaine infusion include drowsiness and blunted
response to tracheal extubation, as well as symptoms com-
monly associated with local anesthetic systemic toxicity
such as tinnitus, perioral numbness, lightheadedness, diz-
ziness, visual changes, and more seriously arrhythmias and
seizures [22].

REGIONAL AND LOCAL ANESTHESIA TECHNIQUES

Regional anesthesia includes both neuraxial (spinal and
epidural) anesthesia and peripheral nerve blocks. These
techniques have resulted in better control of perioperative
pain, decreased opioid use and time spent in the post-
anesthesia care unit after various surgical procedures
[23]. There is evidence that show that application of re-
gional anesthesia can prevent persistent postoperative pain
and chronic postsurgical pain in postoperative settings.
Regional anesthesia techniques carry a certain risk of com-
plications like nerve injury, bleeding, infection, rebound
pain, and potential local anesthetic toxicity. In the last de-
cade, use of ultrasound guidance has mostly contributed
to wider use and the safety of regional anesthesia, resulting
in reducing these complications in clinical settings [24].

Traditionally, bupivacaine was mostly used in regional
anesthesia. Levobupivacaine and ropivacaine were de-
veloped as isomers with nearly identical effects in onset,
quality, and duration of sensory block, but better safety
profile comparing to bupivacaine [24]. For better pain
management, both proved to be effective in combination
with fentanyl [23].

Epidural anesthesia and spinal anesthesia are one of the
oldest forms of regional anesthesia. They are often used in
thoracic surgery, orthopedic surgery, and obstetrical pro-
cedures. The paravertebral block involves the delivery of
local anesthetics to the paravertebral space near the spinal
nerves emerging from the intervertebral foramen which
is a reliable technique for reducing pain in the immedi-
ate postoperative period after breast surgery. Upper limb
nerve blocks are employed due to the high incidence of
postoperative pain in upper limb surgeries. The transverse
abdominis plane block involves application of local anes-
thetics to the fascial plane between the internal oblique and
transverse abdominus muscles and it is used for colorectal
surgeries and obstetrical procedures. Quadratus lumborum
block involves application of local anesthetic around the
quadratus lumborum muscle and covers which is effec-
tive for abdominal, obstetric, pelvic, and renal surgeries.
Erector spinae block is a fascial plane technique used to
treat both acute and chronic pain, with many applications
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ranging from head and neck, thoracic, abdominal, and
lower extremity surgical procedures. These techniques are
considered safe, result in excellent perioperative analgesia
and decrease use of opioids postoperatively [25].

One major drawback of regional anesthesia is its lim-
ited duration of effective analgesia. This depends on the
type, volume, centration of applied local anesthetic, and
patients’ comorbidities, but could result in intense post-
operative pain and rebound pain. These effects can be
more easily managed for patients in hospital settings,
than for those who had one-day surgery which usually
require for post-discharge medical attention. As a result
of efforts to increase the length of analgesia in pre-existing
local anesthetics led to development of new formulations
of local anesthetics like EXPAREL® (Pacira BioSciences,
Inc., Brisbane, CA, USA) liposomal bupivacaine and
SABER®-Bupivacaine (DURECT Corp., Cupertino, CA,
USA). These medications have significantly reduced post-
operative pain levels up to 72 hours, opioid consumption
and hospital stay, while increasing the time to first rescue
opioid medication use [23].

ROLE OF MMA PROTOCOL IN ENHANCED
RECOVERY AFTER SURGERY (ERAS)

ERAS protocols are multimodal perioperative care pathways
designed to achieve fast recovery in patients after surgical
procedures by defining and maintaining preoperative organ
function and minimizing the stress response following sur-
gery. Unlike traditional perioperative management, which
often focuses on isolated interventions, ERAS integrates
multimodal protocols across various perioperative stages to
create multidisciplinary, evidence-based approach designed
to improve surgical outcomes, minimize reliance on opioids
while enhancing pain control and reduce postoperative com-
plications by optimizing perioperative care [11].

A multi-society consensus statement [26] establishes
seven guiding principles for acute perioperative pain
management to help institutions enhance surgical patient
care. These principles emphasize the need for preopera-
tive evaluation of medical and psychological conditions,
screening for potential substance use disorders, a focus on
multimodal analgesia incorporating nonpharmacologic in-
terventions, and the use of validated pain assessment tools
to guide and adjust treatment. The consensus highlights
that clinicians should conduct a thorough preoperative
evaluation, assessing medical and psychological conditions,
medication history, chronic pain, substance use disorder,
and prior postoperative pain treatment responses to de-
velop a personalized pain management plan [11].

Preoperative phase in ERAS protocol involves compre-
hensive preoperative preparation, where MMA plays a vi-
tal role in effective perioperative analgesia. Psychological
preparation of patients, including cognitive behavioral
strategies and anxiety reduction techniques, minimizes the
stress response to surgery. Preoperative counseling also ad-
dresses expectations regarding postoperative pain control
and early mobilization [24]. Preemptive administration of

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):521-527

non-opioid analgesics, such as acetaminophen or NSAIDs,
is an essential part of ERAS. Preoperative carbohydrate
loading reduces insulin resistance and enhances metabolic
recovery, indirectly contributing to improved analgesia and
reduced catabolism [24]. Patients at risk of chronic pain or
opioid use disorder may receive gabapentinoids or NMDA
receptor antagonists as part of a preemptive multimodal
approach [16].

The intraoperative phase of ERAS focuses on maintain-
ing hemodynamic stability, minimizing surgical stress, and
ensuring effective analgesia while avoiding excessive seda-
tion or opioid burden. MMA within ERAS emphasizes
a balance between analgesia and hemodynamic stability.
Planned application of fluid therapy prevents fluid over-
load, which reduces tissue edema, optimizes oxygen de-
livery, and enhances postoperative recovery. Maintaining
normothermia through warming devices reduces surgical
stress and supports hemodynamic stability [26]. A bal-
anced anesthesia approach prioritizes opioid-sparing ap-
proach prioritize integration of regional techniques and
patient-specific sedation. Total intravenous anesthesia
with added dexmedetomidine or lidocaine may improve
postoperative pain control while avoiding opioid-related
side effects such as nausea and ileus [11]. The use of short-
acting anesthetic agents facilitates early emergence and
immediate postoperative recovery. Suppressing the surgi-
cal stress response using multimodal strategies reduces
postoperative catabolism, immune dysfunction, and pain
hypersensitivity. Techniques such as regional blocks or
neuraxial anesthesia mitigate the neuroendocrine stress
response to surgery. Anti-inflammatory agents, such as
corticosteroids, further enhance recovery by modulating
the surgical inflammatory response [14].

The postoperative phase of ERAS focuses on opti-
mizing analgesia to supports rapid emergence and allow
patients to regain consciousness and protective airway
reflexes faster. Avoiding long-acting opioids and benzo-
diazepines facilitates early extubation, reducing the risk
of respiratory complications and postoperative delirium
[26]. Multimodal analgesia also minimizes postoperative
shivering, nausea, and excessive sedation, improving time
spent in post-anesthesia care unit. It facilitates early return
of bowel function and early oral intake [10]. Early mobility
accelerates muscle recovery, shortens hospital length of
stay, and decreases the incidence of postoperative com-
plications such as pneumonia and DVT [11].

FUTURE DIRECTIONS AND IMPLEMENTATION OF
MULTIMODAL APPROACHES IN SERBIA

The adoption of multimodal analgesia in perioperative
protocols in Serbia faces several clinical challenges, al-
though studies were already published on the subject [27].
One of the primary concerns is the existing training gap
among anesthesiologists and surgical teams. Despite the
evident benefits of multimodal analgesia, many healthcare
professionals lack adequate exposure and hands-on ex-
perience in administering regional anesthesia techniques
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effectively. Additionally, resistance to change among medi-
cal practitioners remains a significant obstacle. Many anes-
thesiologists and surgeons continue to rely on conventional
management strategies due to familiarity and institution-
al inertia. Another critical challenge is the variability in
hospital protocols across different healthcare institutions.
While some hospitals have adopted comprehensive multi-
modal analgesia protocols, others continue to follow out-
dated pain management strategies, leading to inconsistent
patient outcomes [28].

Limited access to resources slows down implementa-
tion of multimodal analgesia in Serbia. The availability of
regional anesthesia techniques and multimodal drug com-
binations is inconsistent across hospitals, particularly in
smaller healthcare facilities. To overcome these challenges,
primary goal should be establishing structured educational
programs that focus on multimodal analgesia. These pro-
grams should be integrated into anesthesiology training
curricula and include hands-on workshops to ensure com-
petency in regional anesthesia techniques. Efforts should be
made to promote adherence to national and international
guidelines and standardize perioperative pain management
protocols across healthcare institutions. Interdisciplinary
collaboration between anesthesiologists, surgeons, and pain
specialists is essential for the successful adoption of mul-
timodal analgesia. Establishing acute pain service units in
hospitals can also facilitate coordinated pain management
efforts and ensure optimal patient care [29].
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CONCLUSION

Advancements in perioperative analgesia like importance
of MMA, adherence to evolving guidelines, and a personal-
ized approach have significantly transformed pain manage-
ment and improve patient recovery and satisfaction. By
integrating opioid-sparing techniques and regional anes-
thesia, anesthesiologists can optimize pain control while
minimizing adverse effects. Recognizing the variability
in patient responses emphasize the need for a personal-
ized approach, where treatment is adapted to factors such
as surgical type, comorbidities, and patient preferences.
Anesthesiologists and healthcare providers must remain
committed to continuous learning and guideline adher-
ence to ensure optimal patient outcomes. Institutional
policies should support the widespread implementation
of evidence-based analgesic protocols, promoting interdis-
ciplinary collaboration in perioperative care. By prioritiz-
ing these efforts, the medical community can continue to
advance perioperative analgesia and improving patient
safety and quality of life.
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MepcneKTBa aHeCTe3M010ra 0 HOBUHAMa Ha NOJbY NepMonepaTMBHe aHaAresuje

[paraHa MunusojeBuh', AnekcaHgpa Obpewkn', Tjawa MBowesuh', KatapuHa Casuh ByjoBuh?, AHa Jotnh®*
'YHUBep3nTETCKN KNMHUYKY LeHTap Cpbuje, KnuHuKa 3a oToprHonapuHronorujy 1 makcunodaumjanty xupyprujy, LieHTap 3a aHectesujy u

peaHumauujy, beorpap, Cpbuja;

2YHusep3uTeT y Beorpagy, MegnuuHcki dakyntet, UHCTUTYT 3a dapmaKonorujy, TokCKoorujy 1 KnnHuuky dapmakonorujy, beorpag, Cpouja;

YHusep3uTet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;

*YH1Bep3UTETCKM KNMHWYKM LieHTap Cpbuje, KnnHnka 3a oTopuHonapuHronorujy n MakcunodauujanHy xmpyprujy, beorpag, Cpbuja

CAXETAK

YBop EdrkacHa nepronepatriBHa Tepanuja 60sa ocTaje ocHo-
Ba MOJEPHe aHeCTe3nosoruje, jep ANMPEKTHO YTUYE Ha UCXOAe
orepaTMBHOT Nleyera NaLujeHaTta, BpemMe onopasKa U YKynHO
3a10BO/bCTBO NaumjeHaTa. OBaj paj Mma 3a b Aa NCTPaxu
HOBVHe y MepuonepaTBHOj aHanresuju, okycmpajyhu ce Ha
HOBe CMepHULE 1 cTpaTeruje 3a Tepanujy 6ona, Kao 1 ynory
MyNTUMOAANHE aHecTe3uje y ONTMMU3aLmju ncxopa neyerba.
BuTHO je uctahu ynory aHectesmosnora y MMniaeMeHTaLuj1 0OBrX
CTpaTervja, anv 1 13a3oBe y KIIMHWYKOj MPaKCy, Kao LITOo Cy npe-
KomepHa yrnotpeba onvonga 1 HeafekBaTHa KOHTpona 6ona.
Metope CnpoBefaeHo je cBeoOyxBaTHO UCTPaXKMBatbe Koje
aHanM3npa HajHoBMje CTyAnje, KNMHNYKA NCNUTKBaMba U axy-
pvipaHe cMepHMULie 06jaBIbeHe TOKOM NPeTXofHe AeLeHuje. Pag
UCNNTYje eBonyLMjy MyNTMOAANHe aHecTesuje, Koja 0bjeauby-
je ynotpeby HeONMOUAHVX aHANTETHKa, PETMOHANTHUX TEXHUKA
1 HedbapMaKONOLLKMX UHTEPBEHLMja Kako 61 ce cMarbino ocsia-
tbakbe Ha onvovae 1 nobosbluao onopasak. MocebHa naxba
ce nocsehyje ynpasrbatby 60I0M Y yrpoxXeHUM nomnynaumjama,
yKrbyuyjyhu negujatpujcke n repujatpujcke nalujeHTe n oHe
Ca XPOHVUYHUM CTatbMMa.

Srp Arh Celok Lek. 2025 Sep-Oct;153(9-10):521-527

Pesyntatm Hanasn nctpaxusatba OTKpuUBajy fa npahete
CMePHMLa 3aCHOBaHMX Ha AoKa3nMa, y KOMOUHaLuju ca myn-
TUMOZANHVM MPUCTYNOM, 3Ha4yajHO nobosbLuaBa Tepanujy 6ona
1 NCXofe OnepaTrBHOT Neyetba NauujeHata. CaBpemeHe MHO-
BaLuje, ykibyuyjyhu cnpoBohere npoTokona no6osbliaHor
onopaBska nocJe onepauuje, ynotpeby nepuonepaTnBHUX
HepBHUX 610KOBa 1 MOMONHUX MEAMKaMeHaTa Kao LUTO Cy Ke-
TaMUH 1 rabaneHTVHOMAW, 3HaYajHO MeHbajy KIMHUYKY NPaKCy.
OBaj pap HarnalaBa v BaXKHOCT MepCoHann30BaHKX NiaHoBa
3a Tepanujy 6ona v cpoBohera KOHTUHYMpPaHe efyKaLyje 3a
aHecTesvorore.

3aksbyyak Tpeba HarnacuTm Aa je HTerpaLmja HoBUX CMepHI-
L, MynTMOJANTHVX CTpaTerja 1 MofeNna Here yCMepeHuX Ha
navLmjeHTa o CyLITUHCKOT 3Hayaja 3a MoCTH3atbe ONTUMATTHUX
ncxopa aHanresuje. byayha nctpaxmsarba Tpeba fja ce pokycu-
pajy Ha ycaBpluaBakbe MyTTUMOJAHUX NPOTOKONA, UCTPaXN-
Barbe HOBYIX aHa/reTVKa 1 peLlaBatbe npenpexa 3a uMniemeH-
TaLujy OBUX METOAA Y Pa3INYUTM KIIMHUYKAM OKPY>KerUMa.

KrbyuHe peuun: nepronepaTtuBHa aHanresuja; MyntumoganHa
aHecTe3wja; No6osbLUaH onopaBak HakoH onepatiuje
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YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

ITpe nopxomema pykomica YpeqHUIITBY 4acommca ,,CprcKn
apxuB 3a HenoKyHo neKkapcTBo (CA) cBu ayTopu Tpeda ga
npounTtajy Yuyrcrso 3a ayrope (Instructions for Authors),
rie he nponahu cBe morpedne nudpopmanuje o nucamwy
U IpUIIPpeMM Pajia y CKIafy ca CTaHZapAMMa Yacomuca.
Beoma je BayKHO a ayTOpy IpUIIpeMe paj IpeMa JaTiuM
NPONO3NINjaMa, jep YKOINKO pyKomuc He dyae yckinahen
C OBMIM 3aXTeBMMa, YpegHIIITBO he opmoxxuty mmu ogdu-
TH HberoBo nmydnukopame. Pamosu odjaBmenn y CA ce He
xXoHopapuy. 3a wiaHke Koju he ce odjaButn y CA, camom
noHYRoM pajia CPIICKOM apXIBY CBY ayTOPH Pajia IpeHoce
CBOja ayTOpCKa MpaBa Ha u3gaBaya yacomnuca — Cprcko
JIeKapCKO APYLITBO.

OIIIITA YIIYTCTBA. CA odjaBibyje pajjoBe Koji 10 caja
HIICY HUT/IE 00jaB/beH, y LIe/IOCTI WIN [Ie/IOM, HUTH IIPUXBa-
henn 3a odjapuBame. CA 0djaBbyje pajjoBe Ha €HITIECKOM I
CpIICKOM je3uKy. 350r dorbe HocTymHOCTH 1 Behe UTupaHoCTH
IIperopydyje ce ayTopuMa Ja pajoBe CBUX Od/IMKa Ipefajy
Ha eHI7IecKoM jesuxy. Y CA ce odjaBibyjy creniehe kareropuje
pajioBa: yBOJHWIIN, OPUTMHATHA PaiOBY, IIPETXOHA 11 KpaTKa
CAOIIIITe b, IPMKA3U OOIECHNKA U C/Ty4ajeBa, BIIeO-WIAHIM,
C/IMKe 13 KIIMHIYKe MeMIVHE, IIPETIeNHI PAJiOBH, aKTye/THe
TeMe, PafioBM 3a IIPAKCY, PafloBI M3 MICTOPMje MEVILIVIHE 1 je3-
Ka MeIIMHe, MEeAMLINHCKe eTVKe, Pery/IaTOPHUX CTaHapaa y
MeIULIVIHYL, U3BEILTaj) Ca KOHIPeca 11 HayYHMX CKYIIOBa, IMYHY
CTaBOBM, KOMEHTApPH 110 TI03MBH, IIMCMa YPEIHNUKY, IIPUKa3K
KIBUT3, CTPYYHe BecTH, In memoriam v ppyru npunosu. Opu-
TMHAJTHY PAJIOBY, IIPETXOfHA M KPATKa CAOIIITeha, IPUKa3N
dorecHMKa 1 CTy4ajeBa, BUe0-WIAHIIMN, C/IMKe U3 KIIMHIYKe
MeJMIVIHE, TIPEr/IeffHN PaloBU U aKTye/IHe TeMe, IyOIuKyjy
Ce MICK/bYUMBO Ha €HITIECKOM je31KY, a OCTajie BpCTe pajjoBa
Ce MOTy ITyO/IMKOBATH 11 Ha CPIICKOM je3VKY CaMo 110 OfTyLN
Ypepuumraa. PajoBu ce yBeK 0CTaB/bajy ca CaXKeTKOM Ha
€HITIECKOM U CPIICKOM je3UKy (y CKJIOIy caMOT PYKOTIICa).
TekcT paga KyuaTu y nporpamy 3a odpany texcra Word,
¢douTtom Times New Roman v BemdmHOM CIoBa 12 Tadaka
(12 pt). CBe ueTnpu MapriHe IOLECUTY Ha 25 mm, BeTUIN-
Hy cTpaHniie Ha popmar A4, a TEKCT KYLaTU C BOCTPYKUM
IPOpeJIOM, IeBUM [IOPaBHAbEM U YB/IauetbeM CBAKOT I1acyca
3a 10 mm, de3 ebera peun (xudenanuje). He kopucturu
tady/aTope U y3acTOIIHe IIpasHe KapakTepe (crejcoBe) paju
HOpaBHama TeKCTa, Beh amarke 3a KOHTPOJTY IIOpaBHAba Ha
newupy u Toolbars. 3a mperazak Ha HOBY CTpaHy JOKyMeHTa He
KOPYCTUTH HU3 ,eHTepa", Beh nckpyunso onuyjy Page Break.
ITocre cBaKor 3HaKa MHTEPIYHKIIMje CTABUTY CAMO jefiaH
Ipa3aH KapakTep. AKO ce y TeKCTY KOPMCTe CIIeLMja/THI 3HALV
(cumdonm), kopucturu ot Symbol. Ilogauu o kopuutheHoj
JINTEPATyPHU Y TEKCTY O3HAYABAjy Ce apaliCKyM dpojeBuMa y
YIIIaCTHM 3arpajiama — Hip. [1, 2], 1 To peocieioM Kojum ce
10jaB/bYjy y TeKCTy. CTpaHmIle HyMEPUCATH PELOM Y HOHbeM
IeCHOM YTIIy, TI0Y€B Off HACTIOBHE CTpaHe.

IIpu mucarby TEKCTa Ha €HITIECKOM je3UKY Tpeda ce mpupp-
JKaBaTH je3NdKor ctangapna American English u xopuctutu
KpaTKe I jacHe pedeHnIe. 3a HasyBe IeKOBA KOPVUCTUTI JC-
K/bY4VBO TeHepIIKa MeHa. Ypebaju (amapaty) ce o3HayaBajy
¢dadpuuknm HasMBMMA, a MIMe U MeCTO IpousBohada Tpeda

HABECTH y 0O/MM 3arpajiaMa. YKOJIMKO e ¥ TeKCTY KOPUCTe
03HaKe Koje Cy CIIOj CI0Ba 11 dpojeBa, MPeLN3HO HAIICATH
dpoj Koju ce jaB/ba y CYIepCKPUIITY WM CYICKPUNTY (HIIp.
#Tc, IL-6, O,, CD8). YKONMKO Ce HEmTO yodndajeHo muie
KypsusoM (italic), Tako ce u HaBoaM, HIIp. reHu (BRCAI).

YKONUKO je paji eo0 MarucTapcke Tese, OFHOCHO TOKTOPCKE
aucepTanyje, win je ypabeH y oOKBUpY Hay4HOT IIPOjeKTa,
TO Tpeda nocedHo HasHaunTK y HarmoMeHu Ha Kpajy Tekcra.
Taxobe, ykonmxo je paj MpeTXOQHO CAOMIITEH Ha HEKOM
CTPYYHOM CAaCTAHKY, HABECTY 3BaHMYAH HAa3UB CKYIIa, MECTO
U BpeMe OfjpyKaBarba, 1a JII je paji M Kako Iyd/IMKoBaH (HIIp.
MCTI WIN [PYTadnjii HAC/IOB WM CaXKETaK).

KIIMHNYKA MCTPAJKVIBAIbA. KiyHndKa cTpakiBama
ce mepuHMIITY KaO MCTPaXKMBakba YTNUIAja jeHOT VIV BUILIE
CpezicTaBa WM Mepa Ha MCXOJ 3ipaBba. Perncrapcku dpoj
UCTpaXXIBaba Ce HaBOMIU Y TTOCTIEbeM Pey CaXkeTKa.

ETUYKA CAITTACHOCT. Pykonucy 0 CTpaKuBambyMa Ha
/byayMa Tpeda [ia cafip>Ke U3jaBy y BULY IMCAHOT IPUCTAHKA
UCIUTUBAHMX 0C00a Y CKIafly ¢ XeICHHIIKOM AeK/IapaljoM
1 Of0dperbe HaJlIeXXHOT eTHYKOT 0A00pa fIa Ce NCTPAKBAEbe
MOKe M3BECTH U JIa je OHO y CK/Iajly C IPaBHMM CTaHApAUMA.
ExcriepuMeHTa/IHA NCTPaKUBaha Ha XyMaHOM MaTepujamy
U VICIIMTHBAma BpIIeHA HA XMBOTHbAMa Tpeda fa cafpike
U3jaBy eTHYKOT 0O0pa yCTaHOBe U Tpeda a Cy Y Car/IaCHOCTH
C IIPaBHMM CTaHJAPIVIMA.

M3JABA O CYKOBY MHTEPECA. V3 pykomnuc ce mpuia-
Ke TIOTIMCAHA U3jaBa y OkBUpY odpacua Submission Letter
KOjOM Ce ayTopu M3jalllbaBajy o cBakoM Moryhem cykody
MHTepeca IV BeroBoM OfiCyCTBY. 3a fofatHe MHGOpMaIje
0 pasIMYNTUM BpCTaMa CyKoda MHTepeca MOCeTUTI MHTEP-
HeT-cTpaHuIyy CBETCKOT yApy)Kerba YPeIHIKa MEIUIIMHCKIX
vyaconmca (World Association of Medical Editors - WAME;
http://www.wame.org) mon HasuBoM ,,IlonMTNKa U3jaBe o
cykody nHTepeca.

AYTOPCTBO. Cse 0code Koje cy HaBefieHe Ka0 ayTOPU
pana tpeda na ce kBanudukyjy 3a ayropcro. CBaku ayTop
Tpeda /ja je y4ecTBOBAO JJOBO/LHO Y pajly Ha PYKOIMCY KaKo
d1 Morao Jia mpeysMe OfIrOBOPHOCT 3a IIJIOKYTIaH TeKCT U
pesynrare n3HeceHe y pajly. AyTOPCTBO Ce 3aCHMBA CaMO Ha:
SUTHOM JOIPVMHOCY KOHIICIIIMjU Pajia, [OdMjarby pesynTara
VTV QHAJIU3K U TyMadelby pesy/rTara; I/IaHupary pyKomca
VIV 1€TOBOj KPUTIYKO]j PEBU3H)Y Of, SHATHOT MIHTE/IEKTyaTHOT
3Ha4Yaja; 3aBPIIHOM JNOTEPUBaIby Bep3yje PyKOIca Koju ce
npunpeMa 3a MTaMIambe.

AyTopu Tpeda fa IpMIOKe OMIC JOIPMHOCA TIOjefVHATHO
3a CBaKOI KoayTopa y oKBuUpy odpacia Submission Letter.
DuHaHCHparbe, CAKYIUbakbe MOJATAKa VIV TeHePa/THO HalIyie-
Jarbe MICTPKMBadKe TPyIIe CAMI IO Cedl He MOTY OIpaBJaTi
aytopctBo. CBU Py KOjI Cy HOIIPUHENN M3PAMY Paja, a
KOjJ HUCY ayTOpH PyKoIica, Tpedaso Ou fa dyny HaBemeHu y
3axBaJTHMIIN C OIMCOM FIXOBOT IONPIHOCA Pajy, HAPABHO,
y3 IIMICaHN NIPYCTAHAK.



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

IUTATJAPU3AM. Op 1. janyapa 2019. ropguse cBU pyKOICK
NIOABPraBajy ce MPOBEPH Ha IIarujapyusam/ay ToIIaTujapusamMm
npexo SClndeks Assistant - Cross Check (iThenticate). Pagosu
KOJI, KOjUX ce JJOKaXKe IIarujapusam/ ayTorviarujapusam duhe
ofidmjeHn, a ayTopy CaHKI[MOHVCAHM.

HACJIOBHA CTPAHA. Ha npBoj CTpaHMI PYKOIINCA TPe-
da HaBecTu crnenehe: HacoB paga de3 ckpahenniia; npenor
KpaTKOT HAC/IOBa pajia, IIyHa MMeHa U IIpesyMeHa ayTopa
(0es TuTyna) MHAEKCUpaHa OpojeBMMa; 3BaHMYAH HA3UB
yCTaHOBA y KOjiIMa ayTOpM pajie, MECTO 11 IpXKaBy (penocie-
JIOM KOju OAroBapa MHAEKCUPaHUM dpojeBMMa ayTopa); Ha
[HY CTpaHMIIe HABECTI MIMe U IPe3NMe, aipecy 3a KOHTAKT,
Spoj TenedoHna, hakca u MMeji afipecy ayTopa 3ay>KeHOT 3a
KOPECHOHJEeHINjY.

CAJKETAK. V3 opurnHanau paj, IpeTXOZHO U KPaTKO
CaolIlTewhe, Iperie]l TUTepaType, IpuKas crydaja (dome-
CHMKA), paji 13 UCTOPUje MeULIHE, aKTye/IHY TeMY, paj
3a pyOpUMKY je3sVK MeIMIHe U paj 3a IPaKcy, Ha APYToj 1o
Ppeny CTpaHMI JOKYMEHTa Tpeda IPIUIOKUTH CaXKeTaK paja
odnma 100-250 pedn. 3a opurnHaIHe pagoBe, MIPETXOFHO I
KPAaTKO CaoIIlITebe caKeTak Tpeda fja uMa cefiehy cTpyk-
Typy: YBon/Ium paga, MeTope pajia, PesynraTu, 3akbyyax;
CBaKU Off HaBeJIeHMX CerMeHaTa IICaT Kao IocedaH Iacyc
KOju Iounise dogosaHoM peun. HaBectn HajBaxkHUje pesyst-
Tare (HyMepMdKe BPEHOCTH) CTATUCTUYKE aHA/IN3e U HIBO
3Ha4YajHOCTM. 3aK/by4yaK He cMe OuTH yomuITeH, Beh Mopa
OUTH AMPEKTHO MOBe3aH ca pe3y/lITaTuMa paja. 3a IprKase
dorecHrka caxxerak Tpeda a nma cnenehe fenose: Ysop (v
[IOC/Ief[b0j pedeHNIM HaBeCTH 1b), [IpuKas domecHuka,
3ax/pydak; cerMeHTe Takobe mucaru Kao mocedaH macyc
KOj¥ OuMIbe OO/IJOBAHOM pedlt. 3a ocTajie TUIIOBE PajjoBa
Ca)XeTaK HeMa II0CedHY CTPYKTYPY.

KIbYYHE PEYMN. Vicnion Ca’keTKa HaBeCTH Of TPY JI0 ILEeCT
K/bYYHUX peunr uam uspasa. He Tpeda fja ce monapibajy peun
U3 HAC/IOBA, a K/by4He peun Tpeda Jja Sy/y peeBaHTHE VN
omucHe. Y n3dopy KbydHux peunt kopuctutu Medical Subject
Headings - MeSH (https://www.nlm.nih.gov/mesh/meshhome.
html).

ITPEBOJ HA CPIICKM JE3VIK. Ha Tpehoj o peny crpasn-
1V JOKYMeHTa IIPMIOKITH HAC/IOB pajia Ha CPIICKOM je3UKY,
IIyHa MMeHa U IIpesyMeHa ayTopa (§es TUTYy/Ia) MHAeKCupaHa
dpojeB1Ma, 3BaHITYaH HA3MB YCTAHOBA Y KOjIIMa ayTOPY pajie,
MecTo 1 ipkaBy. Ha cne,uehoj — 4eTBPTOj IO PRy — CTPAHMI
[IOKYMeHTa IIPWIOKUTH caxkeTak (100-250 peun) ¢ K/bydHUM
peunma (3-6), 11 TO 3a pafioBe y KOjlIMa je 0daBe3aH caxxeTak
Ha eHITIeCKOM je3uKy. [IpeBop ojMoBa us cTpaHe nuTeparype
Tpeda fa dyze y nyxy cprckor jesuka. CBe cTpaHe pedn Win
CHUHTArMe 3a Koje II0CTOj¥ OfroBapajyhe nme y HaleM jesnky
3aMEHUTHU TUM Ha3MBOM. YKO/INUKO je paji y Lie/IOCTH Ha CpII-
CKOM je3UKY, HOTpedHO je IpeBeCTy Ha3uBe Ipuora (tadena,
rpa¥KOHa, C/IMKa, CXeMa) YKOIMKO VX MIMA, IIeIOKYITHU TeKCT
Y BJIMa 1 JIETeH/Iy Ha eHITIECKN je3UK.

CTPYKTYPA PAJIA. CBM IOFHACTIOBY Ce TINIIY BEMUKUM
macHuM cnosuma (domp). OpurnHamIHU paj U IPETXORHO

U KpaTKo caoImiiTeme odaBesHo Tpeda fa nMajy crenehe
noprHacnose: YBoz (Lnmm paa HaBecTV Kao MOCTIe Y ITacyc
YBopa), Merope papa, PesynraTu, luckycuja, 3akpydak,
JIureparypa. IIpernen mutepaType M aKTyelHy TeMy YiHe:
YBop, ogrobapajyhu nopaacnosn, 3akpydax, Jluteparypa.
IIpBOMMeHOBaHM ay TOP NIPEITIeIHOT pajia MOPa Jia Hasefe dap
et ayTouuTara (Kao ayTop Wiy KoayTop) pajjoBa IyOImKo-
BaHNX y 4aCOMICKMa C pelieHsyjoM. Koayropn, ykomiko nx
uMa, MOpajy [ja HaBey dap jeaH ayTOLUTAT pafioBa Takobe
yOIMKOBAHMX Y Yacomucyma ¢ perieHsujoM. [Iprkas ciaydaja
wm donecHuKa ynHe: Yoy, (LT pajia HaBeCTH Kao OC/IeT Y
nacyc Ysopa), ITpukas donecuuka, Juckycnuja, JInteparypa.
He Tpeda Kxopuctutu nMeHa donecHNKa, MHULIMjajIe, HUTY
dpojese ncropuja domectu, HAPOUUTO Y WIyCTpaLMjaMa.
ITpukasu domecHNKa He CMejy MMATU BUIIe Off IIeT ayTopa.

ITpurore (Tadere, rpadmKoHe, CIUKe UTH.) TOCTABUTI HA KPaj
pyKorca, a y CaMOM Telly TEKCTa jaCHO Ha3HaYMTI MeCTO Koje
ce ogHOCH Ha faTu npuor. Kpajwa nosuimja mpuiora duhe
ozpebeHa y ToKy mpurpemMe paja 3a mydInKoBame.

CKPAREHMIE. Kopuctuty camo Kafia je HeOIXOHO, U
TO 33 BEOMa Jiyradyke Ha3/Be XeMUjCKIX jeINberba, OMHOCHO
HasuBe Koji1 cy Kao ckpahenuiie Beh npernosuar/pnsu (cTaH-
mapnHe ckpahennue, kao uup. THK, cupa, XVB, ATII). 3a
cBaky ckpaheHuIy myH TepMuH Tpeda HaBeCTH PV IPBOM
HaBoDemwYy y TeKCTy, ceM aKko HUje CTaHfapAHa jefuHNIIA
Mmepe. He kopuctutu ckpahenuie y Hacnosy. Vsderasaru
kopuitherme ckpahennia y caxeTky, am ako Cy HEOIIXOJIHE,
cBaky ckpaheHuIy 0djacHITH IIpY ITPBOM HaBODeY y TEKCTY.

JELOVIMAJIHU BPOJEBMU. ¥V TekcTy pajia Ha €HITIECKOM
jesuky, y Tadenama, Ha rpaMKOHUMA M IPYTYM IIPUIO3MMA
feLMMaHe dpojeBe mucaTu ca TaykoM (HIp. 12.5 + 3.8), a
Y TEKCTy Ha CPIICKOM je3NKY ca 3ape3oM (HIp. 12,5 £ 3,8).
Kagz rox je To Moryhe, Spoj 3a0Kpy>KUTH Ha jefiHY AeLuMaty.

JEAVUHMIIE MEPA. Jly>xuny, BUCHHY, TE&XUHY U 3aTIPEMUHY
U3paXKaBaT! y METPUYKMM jefHMIIaMa (MeTap — 11, KIIorpam
(rpam) - kg (g), murap - [) unu muxoBuM jenosuma. Temire-
patypy uspaxasaru y crenennma Llensujyca (°C), kommanny
cyrncraiie y Momima (1ol), a IpUTHCaK KPBY Y MUIVIMETPYMA
skuBuHOr ctyda (mm Hg). CBe pesynraTe XeMaTONTOLIKIX,
KIMHUYKYX ¥ OMOXeMUjCKIX Meperba HaBOJUTH Y MeTpud-
KOM crcteMy pema MebynapopgHaoMm cucremy jemuunia (SI).

OBVIM PAJTOBA. IlenoKynHM pyKOIIIC Pajja KOjy YMHE — Ha-
CTIOBHA CTPaHa, CAKETaK, TEKCT PaJia, CIMCAK IUTepaType, CBU
IIPUIO3H, OFJHOCHO IOTIIVCH 32 X 1 JlereHyia (Tadere, CiuKe,
rpaduKoHM, CXeMe, LIPTeXI1), HACIOBHA CTPaHa I Ca)keTak Ha
CPIICKOM je3MKY — MOpa M3HOCUTH 32 OPUTMHAIHY Pafi, paj
U3 ICTOpMj€ MeiNLHe U pernes muteparype go 5000 pedn,
a 3a IIPETXO{HO M KPATKO CAOIIIITebe, IPUKa3 OONEeCHNKa,
AKTyeJTHy TeMY, PaJi 3a IPAKCY, elyKaTMBHM YWIaHAK 1 paj 3a
PYOpUKY ,,Je3uk Menuuuue no 3000 peun; pajoBy 3a ocTaje
pySpuke Mory uMaru HajBuire 1500 peun.

Buzneo-pagoBu Mory Tpajati 5-7 MUHYTa 1 Suti y popmary
avi, mp4 (flv). Y npBom Kazpy ¢puiMa Mopa ce HaBeCTH: ¥
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HafiHac10BY CpIICKI apXUB 32 L{e/IOKYITHO IeKapCTBO, HACTIOB
paja, IpesuMeHa I MHMIja/I IMEHA U CPefiber C/I0Ba CBUX
aytopa paza (He ¢pwiMa), ronuHa 13paje. Y LpyroM Kaupy
Mopa SUTH YCHUM/BbEH TeKCT pajia y BUAY alCTpakTa 5o 350
peun. Y mocienmeM Kapy GunamMa MOry ce HaBeCTH MMeHa
TeXHIYKOT 0cod/ba (pexxuja, CHUMaTesb, CBETIIO, TOH, GoTo-
rpaduja u ci1.). Y3 Busieo-pajioBe TOCTaBUTH: IIOCEOHO TEKCT
y Bupy ancrpakra (zo 350 peun), jeny dororpadujy Kao
WIyCTpaLjy IPUKa3sa, U3jaBy IOTIIVICAHY Of CBET TeXHITYKOT
0cod/pa fja ce OPITY ay TOPCKIX IIpaBa y KOPKCT ayTopa paja.

ITPVITTIO3M PAJTY cy taderne, ciuke (potorpaduje, LipTexi,
cXeMe, TPaUKOHN) 1 BUJO0-IPIUJIO3NL.

Caaka Tadena Tpeda a dyne cama 1o cedy 1ako pasym/buBa.
Hacrios Tpeda otkyary nsHap Tadere, a odjalimberba MCIIOf Hhe.
Tadere ce o3HauaBajy aparckum dpojeBuMa Ipema pefocieny
HaBobema y Texcty. Tadese pTaTit HCK/BY4MBO Yy IPOTpamMy
Word, xpos mexn Table-Insert-Table, y3 nedunucarme TaqHor
dpoja konoHa n perosa Koju he unnHuTH Mpexy Taderne. [le-
CHUM K/IMKOM Ha mu1ny — nomohy omumja Merge Cells u Split
Cells - crajatn, ogHocHO genutu henuje. Kynatn ¢ponrom
Times New Roman, BemMuuHOM C/10Ba 12 pt, C jeTHOCTPYKUM
npopenoM u de3 yBradema Tekcta. Kopumrhene ckpahennie
y Taderm Tpeda 0djacHNTH y JIeTeHIY UCTIOf Tadere. YKOIMKO
je PYKOIIIC Ha CPIICKOM je3UKY, IPMIOKUTH Ha3MBe Tadena
u jlereHpy Ha oda jesuxa. Takobe, y jenHy Tadeny, y okBupy
ucre henmje, yHeTV 1 TeKCT Ha CPIICKOM ¥ TeKCT Ha €HITIECKOM
jesuKy (HMKaKo He IIpaBUTH JBe Tadese ca iBa jesukal).

Crnuke cy cBu 0Oy rpapuyKux IpuIora 1 Kao ,,cmke y
CA ce 0djaBmyjy pororpadmje, pTesxit, cxeMe 1 rpadpuKOHI.
Cryke ce 03HaYaBajy aparickumM dpojeB1Ma IrpeMa pefocie-
ny HaBobema y Tekcry. [IpumMajy ce MCK/bY4MBO AUTUTAIHE
¢dororpaduje (pHO-Oerte nnu y doju) pesonyuuje HajMambe
300 dpi n popmara sanuca tiff unu jpg (Mase, MyTHe 1 CIVKe
noier kBanurera Hehe ce mpuxsarary 3a mrammname!). Yko-
JIMKO ay TOPM He IOCEMLyjy WIN HICY Y MOTYhHOCTH fa focTaBe
nurutanHe ¢pororpaduje, OHLA OPUTMHANHE CIIMKe Tpeda
ckeHyparu y pesonyuuju 300 dpi v y OpurHaIHOj BETMIMHIA.
YKOJNKO je paji HEOIIXOIHO MIYCTPOBATH Ca BIILE CIUKA, ¥
pany he ux dutnu odjaspero Hekonuko, a ocrasne he durn y
e-Bep3uji1 WiaHKa kao PowerPoint npe3eHTalyja (cBaka c/vka
Mopa d1TY HyMepucaHa ¥ UMaTH JIETeHAY).

Bupeo-npunosu (waycrpanyje pajga) Mory tpajatu 1-3 mMu-
HyTa 1 duty y popmary avi, mp4(flv). Y3 Bupeo focraButu
HOCedHO CMKY Koja &1t duta mirycTparyja Busieo-IpuKkasa
y e-usfamy 1 odjaB/beHa y IITAMIIAHOM U3Jakby. YKOIMKO je
PYKOIINC Ha CPIICKOM je3UKY, IIPUIOKUTY HasMBe CIUKA I
JlereHy Ha 0da jesuka.

Crnuxe ce y cBecuy MOTY IITaMIIaTH Y O0ju, anu JOfaTHe
TPOIIKOBE ITaMIIE CHOCE ayTOPH.

Ipaduxonu tpeda na dyny ypabenu u gocrapbenn y mporpamy
Excel, ma du ce Bupene nparehe BpegrocTu pacropebene o
henujama. Vicre rpadukone npexonuparu n y Word-os fo-
KYMeHT, I7le ce Ipa(pUKOHI O3HAYaBajy aparcKiM dpojeBnma

npeMa pefocieny HaBohema y Texcty. CBY IIoaLyu Ha rpa-
¢duxony Kyiajy ce y doury Times New Roman. Kopuuthene
ckpahenniie Ha rpaduKOHy Tpeda 08jacCHUTH Y JIeTeH M YICIION
rpadyKoHa. Y IITaMIIaHOj Bep3Uj! YIaHKa BepoBaTHIje je a
rpaduxoH Hehe Sutn mramman y doju, Te je dosbe nzderaparu
kopuitheme doja y rpaduKoHMa, WV MX KOPUCTUTY Pasyn-
YUTOT MHTEH3UTETA. YKOMMKO je PYKOIIC Ha CPIICKOM je3UKY,
IPWIOXKWUTY HasyBe rpadyKOHa 1 JIereHAy Ha 00a jesuka.

IIprexu 1 cxeMe ce JOCTaB/bajy y jpg win tiff opmary. Cxeme
ce Mory upTariu u y nporpamy CorelDraw nm Adobe Illustrator
(mporpamu 3a paji ca BeKTOpuMa, Kpusama). CBI OfaLy Ha
cxemn Kynajy ce y poury Times New Roman, Befn4yHa CloBa
10 pt. Kopuuthene ckpahenniie Ha cxemn Tpeda odjacHUTH
Y JIETeH/IU MCIIOf, cXeMe. YKOJIMKO je PYKOIIC Ha CPIICKOM
je3MKY, IPUIOXKNTI Ha3MBe CXeMa ¥ JITeHy Ha 00a jesuKa.

3AXBAJTHUIIA. HaBecTu cBe capaiHMKe KOju Cy JOIpPHU-
HeJIM CTBapakby pajia a He VICITYbaBajy MepuIa 3a ay TOPCTBO,
Kao 1ITO cy ocode Koje 0de3debyjy Texunuky nomoh, momoh
y HMcamy paja Win pyKoBofie ofie/bereM Koje 0desdebhyje
oty noxpiky. GrHaHCKHjCKa ¥ MaTepujaaHa momoh, y
OQNIMKY CIOH30PCTBA, CTUIICH/IM]ja, TIOKJIOHA, OTIpeMe, JIeKOBa
u ipyro, Tpeda Takobe fa dyze HaBefeHa.

JIMTEPATYPA. Crucak pedepeHIN je OATOBOPHOCT ayTo-
pa, a GUTHpaHU WiaHIM Tpeda fa SyAy MaKo IPUCTYIAYHN
ypTaomyma daconuca. Crora y3 cBaky pedepeHiy 0daBesHo
tpeda HaBectyt DOI 8poj wiaHKa (jeAMHCTBEHY HICKY Kapak-
Tepa Koja My je nonebeHa) u PMID Spoj yKOMMKO je wiaHak
uHpexcupat y dasu PubMed/MEDLINE.

Pedepentie HyMepycaTyt pegHIM apaIcKuM dpojeBrMa IpeMa
penocneny HaBohema y Tekcty. Bpoj pedeperiu He it Tpedaro
na dyne Behu ox 30, ocuM y mperyieny nuTeparype, y KojeM je
JI03BOJbEHO A IX 6y11e 1o 50, M y MeTaaHa/IN3M, ITie UX je J10-
3B07beHO 110 100. bpoj uuTnpanmx opurmHaIHUX pajioBa MOpa
dutu HajMame 80% of YKyIHOT dpoja pedpepeHLIit, OFHOCHO
Spoj LINTMPaHNUX KIbITA, IOI/IAB/bA Y KIbUTaMa I IPer/IeHIX
wriaHaka Mamy off 20%. Ykonmko ce romahe MoHorpadcke
nydnuKalyje 1 WiaHIM MOTY YBPCTUTH Y pedepeHlie, ayTo-
PY CY AY)KHU [ia MX LuTupajy. Behnta nurupannx Hayqnmx
yraHaka He 01 Tpedano ma dyzme ctapmja of HeT rOfgUHAa.
Huje 103BO/BEHO LIMTUPakbe allCTPaKaTa. YKOIMKO je SUTHO
KOMEHTApUCaTH pe3y/Tare Kojii Cy IyO/IMKOBAaHNU CaMo Y BUAY
aNCTPaKTa, HEOIXOHO je TO HABECTH Y CAMOM TeKCTY paja.
Pedepentie wianaka koju cy npuxBaheHy 3a LITaMITY, a/Ii jOLI
HICY 00jaB/beH, Tpeda 03HAUNUTI Ca in press U MPUIOKUTH
IOKa3 o IIpMXBaTamby paja 3a 00jaB/buBalbe.

Pedepente ce urupajy npema Bankysepckom cruny (YHU-
(dbopMucaHnM 3aXTeBUMa 3a PYKOIIICe KOjii ce Ipefajy duome-
IVIMHCKIM YacOICHMa), KOji je ycrocrasuo Melyynaponsn
KOMUTET ypeJHUKa MeAMIMHCKIX yaconmca (http://www.
icmje.org), unju popmar xopucre U.S. National Library of
Medicine n daze HayuHux mydmkanyja. IIpumepnu HaBoherma
nydmvkanyja (4IaHaka, KWUra 1 [pyTx MOHorpaduja, eex-
TPOHCKOT, He0djaB/beHOT U PYTOr 00jaB/beHOT MaTepujasa)
Mory ce mpoHahu Ha MHTepHeT-cTpaHuLy https://www.nlm.
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nih.gov/bsd/uniform_requirements.html. Ilpunmxom HaBobema
NUTEepaType BeoMa je BayKHO IIPUP>KABATH Ce TOMEHYTOT
CTaHJApAa, jep je TO jefaH of HajduTHMjKX (akTopa 3a NH-
ieKCHparbe IIPUINKOM KaacuyKaryje HaydHIX 9acoIIca.

ITPOIIPATHO IIMCMO (SUBMISSION LETTER). V3
PpyKoIIIC 00aBe3HO IPIUIOXKUTH 0dpasal] Koju Cy HOTIVCA/IN
CBU ayTOpY, @ KOjI1 Cafip>kt: 1) 13jaBy fa paj IpeTXONHO Huje
IyO/IMKOBAH U Jla HYije UICTOBPEMEHO IOJTHET 3a 0djaB/bUBaIbe Y
HEKOM JIPyTOM YacoIINCY, 2) 13jaBy fja Cy PYKOIIIC IPOUNTA/IN
1 0BOSPWIV CBY Ay TOPY KOjU MCITyHhaBajy Mepuia ay TOPCTBa,
U 3) KOHTaKT IOfIaTKe CBUX ayTopa y pajy (ajpece, nmMejn
appece, renedone uT.). branko odpasarr Tpeda npeyseru ca
UHTepHeT-cTpanune dacormca (http://www.srpskiarhiv.rs/en/
submission-letter/SubmissionLetterForm2023.pdyf).

Takobe je moTpedHO ZOCTaBUTH KOINje CBMX [JO3BOJIA 3a: pe-
IIPOAYKOBambe IPETXOHO 00jaB/beHOT MaTepyjaja, yoTpedy
wiycTparyja 1 odjap/byuBare NHGOPMaLja O HO3HATIM JbY-
[iVIMa VIV IMEHOBAb€ JbY/N KOjU Cy HOIIPYHEN U3PAM Pajia.

YIAHAPUHA M1 HAKHAJNE 3A OGPAJTY 1 OBJAB/bI-
BAIBE WIAHKA. [Ta 6u paj; 610 pasmaTpaH 3a 0djaB/plBarbe
y yaconucy Cpilcku apxué 3a uenoKyilHo 1eKapcitié0, CBU
ayTOpM KOjit Cy JieKapy miy croMmarosnosu u3 Cpduje Mopajy
Suty wraHoBY CPIICKOT JIEKapCKOT APYIITBa (Y CKIany ca
wiaHoM 9 Craryra JIpyIuTBa) y TOLMHY Y KOjoj paj Ipenajy
Ha pasMaTparbe.

Crnepehe HakHafe cy odaBesHe Kako du paj duo mpernenas,

odpaben 1 norennujanHo odjaBmen y Cpiickom apxusy 3a

UeNI0KYTHO NIeKAPCITLEO:

o HaKHaJa 3a [perJief] CBAKOT IIPUMJ/BEHOT pafa gomahnx
ayropa: 6.000 guHapa 1o pany;

» HAKHaJa 3a npuxBaheH paji, OfHOCHO HaKHa/A 3a 0dja-
B/bUBabe pajia fomahux ayropa: 12.000 gunapa o pany;

o HaKHa/a 3a IIperjiefi CBaKOr IPUM/BEHOT pajja CTPAHMX
aytopa: 75 espa (ymmu 9000 amHapa) 1o pasy;

 HaKHaJia 3a IpyxBaheH paji, ONHOCHO HaKHafa 3a 00jaB/bu-
Bame paja cTpaHux ayropa: 150 espa (wm 18000 gyHapa)
110 pafy.

Haxnage ce mahajy npe mpernenama, 0ZHOCHO IIpe 0dja-
B/bMBama paja. PagoBu 3a koje Hucy mwiahene HakHase Hehe
SuTH Hpernefanu, OGHOCHO 00jaB/beHN.

Tpeda HamoMeHyTI fia yIUIaTa HaKHaJie 3a [Iper/ief paja Huje
rapanuuja fa he pag dSutu npuxsahen u odjasmpen y Cpiickom
apxusy 3a UenoKyiuHo 1eKapciieo.

YcraHoBe (paBHa /IMIja) He MOTY IIPEKO CBOje IpeTIiaTe
Jia MCITyHe 0Baj yc/IoB ayTopa (HyU3MIKor mia). Y3 pyKommc

paga Tpeda ZOCTaBUTH KOIMje yIUIATHNUIA 32 WIAHAPUHY U
HaKHaJly 3a IIperie]] YIaHKa, Kao I0Kas o ymiaTama. Jacomnuc
IIpUXBaTa JJOHAIVje Off CIIOH30Pa KOjy CHOCE JI€0 TPOIIKOBA
WIV TPOLIKOBE Y LIeIMHI OHMX ayTOpa KOju HICY y MOryhHOCTH
fla u3MUpe HaKHaJy 3a Iperel WiaHka (y TaKBUM CTydaje-
BUMa ITOTPedHO je 4acOIMCY CTaBUTY Ha YBIUJ, OIIPABJAHOCT
TAKBOT CIIOH30PCTBA).

CITAILE PYKOIIMCA. Onnaju cucTeM 3a HOfIHOLIEH€ pa-
nosa Bopuhe Bac Kpo3 IOCTYIAK yHOCA [IOflaTaKa O YWIAHKY 1
OTIIpeMarba BallliX IaTOTeKa. PYKoIic pajia 1 CBY IIPIIO3N Y3
Paj OCTaB/bajy ce CK/bYIMBO eIeKTPOHCKI IPEeKOo CHCTeMa
3a IIp1jaB/bUBatbe Ha MHTEPHET-CTPAHNIIN Jacomca: http://
www.srpskiarhiv.rs

HATIOMEHA. Paj; koju He MCIIyH-aBa yC/IOBE OBOT YIIyTCTBA
He Moxke dutu yuyhen Ha perjensujy u duhe Bpahen ayro-
puMa Ja ra ionyHe 1 ucnpase. [Ipupp>xkaBameM yIyTCTBa 3a
HpHUIpeMy pajia 3HaTHO he ce CKpaTuTH BpeMe LieIOKYITHOT
Ipolieca 10 0djaB/byBamba pajja y YacoIucy, mro he mosurus-
HO YTUIIATY Ha KBaJIMTET WIAHAKA U PEIOBHOCT M3/IaXKerha
Jacomuca.

3a cBe fopatHe MHbOpMaIMje, MOIMMO Jia ce 0dpaTuTe Ha
[io7e HaBefieHe ajipece 1 dpojese TenedoHa.

AJTIPECA:

CPpIICKO JIEKAPCKO APYIITBO

YpenHumTBO Jaconuca , CpIICKM apXMB 32 L[/IOKYIIHO Jie-
KapcTBO

V. kpamune Haranuje 1

11000 beorpapn

Cpduja

Tenedonn: (+381 11) 409-2776, 409-4479

E-mail: office@srpskiarhiv.rs

Wurepuer agpeca: http://www.srpskiarhiv.rs

ISSN 0370-8179
ISSN Online 2406-0895 OPEN ACCESS

CpIICKM apXUB 3a IIEJIOKYITHO JIEKapCTBO je JaCOMIC OTBO-
peHor npucryia. CBY WIAHIM MOTY Ce deCI/IaTHO IIpey3eTn
U KOPUCTUTHU y CKnafy ca nuueHnom Creative Commons
Attribution-NonCommercial 4.0 International (CC BY-NC).



INSTRUCTIONS FOR AUTHORS

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

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

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

When writing text in English, linguistic standard American
English should be observed. Write short and clear sentences.
Generic names should be exclusively used for the names of
drugs. Devices (apparatuses, instruments) are termed by trade
names, while their name and place of production should be
indicated in the brackets. If a letter-number combination is
used, the number should be precisely designated in superscript
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responding author.
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in favor of the paper’s authors. To check the required number
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If the manuscript is entirely in the Serbian language, tables and
corresponding legend should be both in Serbian and English.
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(small, blurry and photographs of poor quality will not be
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able to provide digital photographs, then the original photos
should be scanned in 300 dpi, and saved in original size. If
a paper needs to be illustrated with a considerable number
of figures, several figures will be published within the paper,
and the rest will be available in the electronic version of the
paper as a PowerPoint presentation (every figure needs to be
numbered and be accompanied by legend). Video-enclosures
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ted in the fIv format. Along with the video, a still/photograph
representative of the video is also needed, as it will be used as
a placeholder in the electronic version of the paper, and as an
illustration in the printed version.

If the manuscript is entirely in the Serbian language, photo-
graphs and corresponding legend should be both in Serbian
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Photographs may be printed and published in color, but pos-
sible additional expenses are to be covered by the authors.

GRAPHS. Graphs should be plotted in Excel in order to
see the respective values distributed in the cells. The same
graphs should be copied and pasted to the Word document,
numbered in Arabic numerals by order of citation in the text.
The text in the graphs should be typed in Times New Roman.
Abbreviations used in graphs should be explained in the legend
below the respective graph. In the printed versions of papers,
graphs are generally published in black-and-white; therefore,
it is suggested to avoid the use of colors in graphs, or to utilize
colors of significant difference in brightness.

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

SCHEMES (SKETCHES). Schemes and sketches are to be
submitted in jpg or tiff format. Schemes should be drawn in
CorelDraw or Adobe Illustrator (programs for drawing vec-
tors, curves, etc.). The text in the schemes should be typed
in Times New Roman, font size 10 pt. Abbreviations used in
schemes should be explained in the legend below the respective
scheme. If the manuscript is entirely in the Serbian language,
schemes and corresponding legend should be both in Serbian
and English.
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Journals), rules and formats established by the International
Committee of Medical Journal Editors (http://www.icmje.org),
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publications databases. Examples of citing publications (journal
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