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In vitro effects of sertraline and escitalopram on rat uterine smooth muscle
Samet Oksuza, ‡,∗, Ahmet Ayarb,
aKaradeniz Technical University, Faculty of Medicine, Department of Psychiatry, Trabzon, Türkiye
bKaradeniz Technical University, Faculty of Medicine, Department of Physiology, Trabzon, Türkiye
*Corresponding author: sametoksuz@yahoo.com (Samet Oksuz)
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MAIN POINTS

• This study examined the efficacy of
sertraline and escitalopram on the
contractility of rat uterine muscles.

• SSRIs dose-dependently reduce my-
ometrial contraction AUC in vitro.

• Sertraline decreases AUC under
oxytocin in nonpregnant and preg-
nant rats.

• Escitalopram shows no sig-
nificant pairwise effects after
Holm-Bonferroni correction.

Cite this article as: Oksuz S, Ayar A. In
vitro effects of sertraline and escitalo-
pram on rat uterine smooth muscle. Ann
Med Res. 2026;33(4):143--150. doi:
10.5455/annalsmedres.2025.07.190.

ABSTRACT

Aim: Depressive disorders affect around 10% of pregnant women. Antidepressant use during
pregnancy is important for maternal and fetal health. Although studies link antidepressants to
risks of spontaneous abortion, preterm labor, and postpartum hemorrhage, their direct effects
on the myometrium remain unclear. This study investigated the effects of sertraline and esci-
talopram on spontaneous and oxytocin-induced contractions in rat myometrial tissue.
Materials and Methods: 6 pregnant and 14 nonpregnant female Sprague-Dawley rats were used
in the study. Myometrial strips measuring 1x0.2x0.2 centimeters were obtained from rats. Fe-
male rats were decapitated on day 18-20 of gestation. In oxytocin-induced and spontaneous
contractions, sertraline and escitalopram were added cumulatively at concentrations of 1 μM,
3 μM and 10 μM in pregnant and nonpregnant rat groups and AUC (Area Under the Curve), fre-
quency and amplitude values were recorded.
Results: Regression analysis demonstrated a significant dose-dependent decrease in AUC (par-
ticularly under oxytocin). Holm-Bonferroni adjusted Wilcoxon tests confirmed that sertraline re-
duced AUC during oxytocin-induced contractions in both nonpregnant and pregnant strips, while
escitalopram showed no significant effects on AUC, amplitude, or frequency.
Conclusion: In vitro, AUC decreased dose-dependently---particularly with sertraline during
oxytocin-induced contractions---while the effects of escitalopram were inconsistent. These re-
sults may support cautious use of the lowest effective dose in pregnancy and motivate further
translational work.

Keywords: Myometrium, Pregnancy complications, Selective serotonin reuptake
inhibitors, Uterine contractions

Received: Jul 11, 2025 Accepted: Nov 24, 2025 Available Online: Apr 24, 2026

Copyright © 2026 The author(s) - Available online at annalsmedres.org. This is an Open
Access article distributed under the terms of Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.

INTRODUCTION
Pregnancy is a physiological process accompanied by hor-
monal, biological, and psychosocial changes. These adapta-
tions may predispose individuals to psychiatric conditions,
with depressive disorder being the most prevalent. Affecting
approximately 280 million people globally, depressive disor-
der exhibits a higher incidence in women, particularly dur-
ing pregnancy and the postpartum period [1]. In low- and
middle-income countries, the prevalence of antenatal depres-
sion is estimated at 10% [2], while one in ten pregnantwomen
in the United States receives antidepressant therapy during
gestation [3,4].
The diagnosis and management of depressive disorder dur-
ing pregnancy require a specialized approach, because reluc-

tance in the initiation of the treatment may adversely affect
maternal and fetal outcomes. While psychotherapy remains
the first-line intervention formild tomoderate depression, se-
vere cases necessitate pharmacological treatment [5,6]. Selec-
tive serotonin reuptake inhibitors (SSRIs), such as sertraline,
citalopram, and escitalopram, are frequently prescribed due
to their favorable safety profile in pregnancy [7].

Although antidepressant use during pregnancy has been as-
sociated with obstetric complications—including preterm
birth, spontaneous abortion, neonatal adaptation syndrome,
persistent pulmonary hypertension, cardiac malformations,
and postpartum hemorrhage— untreated depression carries
comparable risks [8–10]. A systematic review further high-
lighted that adverse outcomes linked to untreated depression
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often mirror those observed in treated populations [11]. Ad-
ditionally, untreated depressive disorder may exacerbate be-
haviors detrimental to maternal and fetal health, such as poor
self-care, inconsistent prenatal monitoring, nutritional defi-
ciencies, smoking, substance use, and elevated suicide risk
[12].
SSRIs are known to exert nonspecific effects beyond their pri-
mary mechanism of action, including relaxation of smooth
muscle in structures such as blood vessels [13,14], the vas
deferens [15], and the ileum [16]. While epidemiologi-
cal studies suggest a potential association between SSRI use
and myometrial dysfunction—manifesting as preterm labor,
postpartum hemorrhage, or spontaneous abortion—the pre-
cise mechanisms underlying these complications, particularly
their impact on uterine contractility, remain poorly under-
stood. Consequently, further investigation into the effects
of widely used antidepressants on uterine muscle activity is
warranted. This study aims to evaluate the in vitro effects
of sertraline and escitalopram on spontaneous and oxytocin-
induced contractions in rat myometrium, utilizing isolated
uterine smooth muscle tissue from both pregnant and non-
pregnant rats.

MATERIALS ANDMETHODS
Experimental procedures
The protocol of this study was reviewed and approved by
the Karadeniz Technical University Animal Research Ethics
Committee (No: 2021–7; February 8, 2021). All animal ex-
periments were carried out in compliance with the Republic
of Türkiye’s national legislation and internationally accepted
guidelines for the care anduse of laboratory animals. In study,
6 pregnant and14nonpregnant adult Sprague-Dawley female
rats, weighing between 250-300 grams and six months old,
obtained from the Surgical Application Research Center of
Karadeniz Technical University, were used. The animals were
kept in an environmentwith 65-70%humidity at 22-25°Cun-
der a 12-hour light-dark cycle. They were fed with standard
pelleted rat food and tap water (ad libitum).
Female rats that were determined to be in the appropriate
cycle (in proestrus and estrus phases) were mated with an
adult male Sprague-Dawley rat in single cages. Vaginal smear
method was applied to determine pregnancy in rats that were
allowed to mate.
Rats that were determined to be pregnant were decapitated
without anesthesia on days 18-20 of pregnancy, starting from
day 0 (because anesthetic drugs may have effects on smooth
muscle function). After decapitation, the uteruses of the rats
were quickly removed and 4 myometrial strips of 1x0.2x0.2
centimeters were obtained from each pregnant rat and 2 my-
ometrial strips of 1x0.2x0.2 centimeters were obtained from
nonpregnant rats. Since spontaneous contractions were not
observed in 3 myometrial strips obtained from pregnant rats
and 1myometrial strip obtained from nonpregnant rats, they
were excluded from the study.

The obtainedmyometrial strips were hung vertically in an iso-
lated organ bath containing Krebs solution with a constant
temperature of 37°C and a pH of 7.4, continuously gassed
with normoxic gas (95% O2 + 5% CO2). One end of the my-
ometrial stripswas connected to an isometric force transducer
(BIOPAC, FDT 05, MAY, Turkey), while the other end was
fixed to the bottom of the organ bath. The myometrial strips
werewashedwith fresh solutions every 15minutes for 60min-
utes and monitored under 1 g resting tension. After regular
spontaneous contractions were observed, contractions were
recorded for 10 minutes.
Experimental groups were determined using a sealed opaque
envelope system to ensure random allocation and minimize
selection bias. Sertraline (Catalog no:14839, Cayman, USA)
and escitalopram (Catalog no:22405, Cayman, USA) to be
used in the studywere prepared by dissolving them in distilled
water. Sertraline was dissolved in a beaker containing 37°C
warm water using a vortex mixer prior to the experiment. In
pregnant and nonpregnant rat groups, sertraline and escitalo-
pram were added cumulatively at concentrations of 1 μM, 3
μM and 10 μM, respectively, and 10-minute recordings were
taken for each dose. For oxytocin-induced contractions, 0.1
nM oxytocin (Synpitan Forte, Deva, Istanbul) was added to
the organ bath and 10-minute recordings were taken. Then,
with the cumulative addition of sertraline and escitalopram,
10-minute recordings were taken. Isometric tension and its
changes were recorded using a physiological data acquisition
and recording system (Biopac MP100, MAY, Turkey) via an
isometric force transducer and computer. Measurement of
AUC, frequency and amplitude values weremade using Acq-
Knowledge 4.0 (USA) software (Figure 1).

Sample size

Power analysis (G*Power 3.1) with α=0.05 (two-tailed) and
power=0.80 indicated n=6 independent samples per group,
sufficient to detect ~20% changes in AUC in paired within-
strip comparisons. To adhere to 3Rprinciples, multiple strips
were obtained from each uterus so that tissues from 6 preg-
nant and 14 nonpregnant rats yielded n=6 for each of the
eight conditions. This approach aligns with prior in vitromy-
ometrial studies using 5–8 strips per condition [17,18].

Statistical analysis

Frequency was analyzed as absolute counts. AUC and am-
plitude were normalized within strip by setting the baseline
(control or oxytocin) to 100% and expressing subsequent re-
sponses as % of baseline. Because sample sizes were small
(5–7 strips/group) and normality wasmixed (Shapiro–Wilk),
we used nonparametric tests uniformly. Planned within-strip
comparisons of each dose (1, 3, 10 µM sertraline or esci-
talopram) versus baseline were performed with the Wilcoxon
signed-rank test, with Holm–Bonferroni adjustment across
the three contrasts. To assess the overall dose–response trend
while accounting for repeated measurements within strip, we
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Figure 1. Schematic diagram of the experimental design and protocol. Myometrial strips were mounted in a double-jacketed, temperature-controlled
organ bath containing physiological saline solution, continuously gassed with normoxic. Smooth muscle contractile force was recorded using an
isometric force transducer and analyzed with computer software. Following a 60-minute equilibration period under resting tension, spontaneous
(unstimulated) or oxytocin-induced contractions were elicited. Cumulative concentrations of sertraline and escitalopram were then applied at 10-
minute intervals, and contractile responses were evaluated in terms of amplitude, area under the contractility curve, and contraction frequency. OXY
= oxytocin.

fitted linear mixed-effects models with a random intercept for
strip in IBMSPSS Statistics v25 (MIXED,REML; covariance
type: variance components). Dose (µM)was entered as a con-
tinuous covariate (baseline coded as 0 µM); for normalized
outcomes, the slope (β) is reported as % per µM. Monotonic
direction was summarized with Spearman’s ρ. Data are pre-
sented asmedian (IQR); two-sidedp<0.05was considered sta-
tistically significant.

RESULTS
After the tissue samples were subjected to an adaptation pro-
cess for 60 minutes under 1 g resting tension, spontaneous
contractions occurred in 48 of the 52 tissue samples, and 4 tis-
sue strips that did not show regular spontaneous contractions
after the adaptation process were excluded from the study.

The effect of sertraline on myometrial contractions

The cumulative effects of sertraline on spontaneous and
oxytocin-induced contractions were evaluated in myometrial
strips from pregnant and nonpregnant rats and summarized
in Table 1.
In myometrial strips from nonpregnant adult female rats
(n=6), cumulative effects of sertraline (1, 3, and 10 µM) to the
spontaneous contractions were nonspecific as shown by the
AUC, amplitude, or frequency after Holm–Bonferroni ad-
justment (pairedWilcoxon signed-rank test, exact, two-sided)
(Table 2).
In myometrial strips from nonpregnant adult female rats
(n=7) under oxytocin-induced contractions, cumulative ef-

fects of sertraline (1, 3, and 10 µM) were again nonspe-
cific in terms of amplitude after Holm–Bonferroni adjust-
ment (paired Wilcoxon signed-rank test, exact, two-sided),
whereas AUC decreased significantly at all doses under oxy-
tocin whereas, the frequency decreased at 10 µM under oxy-
tocin (Table 2).
In myometrial strips from pregnant adult female rats (n=5),
cumulative sertraline effects on (1, 3, and 10 µM) spon-
taneous contractions where nonspecific in terms of AUC,
amplitude, or frequency after Holm–Bonferroni adjustment
(pairedWilcoxon signed-rank test, exact, two-sided) (Table 2).
In myometrial strips from pregnant adult female rats (n=7)
under oxytocin-induced contractions, cumulative sertraline
effects (1, 3, and 10 µM) were nonspecific in frequency after
Holm–Bonferroni adjustment (paired Wilcoxon signed-rank
test, exact, two-sided). AUCdecreased significantly only at 10
µM after adjustment, while amplitude showed nominal de-
creases at 3 and 10 µM that that showed no significant differ-
ence after multiplicity correction (Table 2).

The effect of escitalopram on myometrial contractions

The cumulative effects of escitalopram on spontaneous and
oxytocin-induced contractions were evaluated in myometrial
strips from pregnant and nonpregnant rats and are summa-
rized in Table 3.
In myometrial strips from nonpregnant adult female rats
(n=6), cumulative escitalopram (1, 3, and 10 µM) effects
on spontaneous contractions were insignificant in terms of
AUC, amplitude, or frequency after Holm–Bonferroni ad-
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Table 1. The effect of sertraline on myometrial contractions.

Sertraline

Nonpregnant Pregnant

Contraction Drug Concentration Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Type μM Frequency amplitude % AUC % Frequency amplitude % AUC %

Spontaneous

Control 7.5(8-5) 100 100 7(13.5-6.5) 100 100
1 (μM) 8(9-5) 100.5(102-95.25) 96.5(98-77) 8(13.5-6.5) 127(149-76) 87(125.5-64.5)
3 (μM) 7.5(8-4) 100(102.75-90.25) 87.5(91-71) 6(12.5-6) 91(180-76,5) 79(132-61.5)
10 (μM) 7(9-4) 94.5(102-82) 87(91-70) 7(12.5-5.5) 88(162-60) 73(105-57.5)

Oxytocin-Induced

Control 10(11-9) 100 100 11(11-8) 100 100
0.1 (nM) oxytocin 12(14.5-11.5) 106(116.5-97) 152(213-128) 11(12-9.5) 231(263-130.5) 216(302.5-164.5)

1 (μM) 13(13.5-11) 109(120.5-97) 138(188.5-120) 11(11-10) 186(205-141) 195(248.5-123.5)
3 (μM) 11(11-9.5) 106(122-100) 118(152.5-107.5) 10(11-8.5) 198(219.5-110) 142(250-125)
10 (μM) 8(9-6.5) 94(102.5-93) 108(116-92) 9(9.5-7.5) 148(173-90) 105(196-98.5)

AUC: Area Under the Curve.

Table 2. Dose-dependent comparisons versus baseline.

Wilcoxon for Sertraline

Nonpregnant Pregnant

Contraction Type Drug Concentration μM AUC Frequency Amplitude AUC Frequency Amplitude
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s 1 (μM) 0.03 0.09 1.00 1.00 0.87 1.00 0.62 1.00 1.00 1.00 0.62 1.00

3 (μM) 0.03 0.09 0.50 1.00 1.00 1.00 0.62 1.00 0.62 1.00 0.81 1.00
10 (μM) 0.03 0.09 0.81 1.00 0.22 1.00 0.37 1.00 0.75 1.00 1.00 1.00

Ox
yt
oc

in
-In

du
ce

d 1 (μM) 0.02 0.048§ 0.62 0.62 0.84 1.00 0.03 0.06 0.75 0.75 0.16 0.16
3 (μM) 0.02 0.048§ 0.06 0.13 1.00 1.00 0.047 0.06 0.28 0.56 0.03 0.09
10 (μM) 0.02 0.048§ 0.02 0.048§ 0.03 0.09 0.016 0.048§ 0.14 0.42 0.03 0.09

AUC: Area Under the Curve, bold and § indicate statistically significant differences compared to control (p<0.05. Wilcoxon signed-rank test, Holm–Bonferroni–adjusted).

Table 3. The effect of escitalopram on myometrial contractions.

Escitalopram

Nonpregnant Pregnant

Contraction Drug Concentration Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Type μM Frequency amplitude % AUC % Frequency amplitude % AUC %

Spontaneous

Control 8.5(9-5) 100 100 8(9-8) 100 100
1 (μM) 7(9-4) 101.5(103-99) 92.5(94-89) 9(10-8) 119(159-105) 123(145-95)
3 (μM) 7(8-4) 99(102-98) 88.5(95-88) 9(10-8) 93(103-80) 86(93-78)
10 (μM) 6.5(8-5) 99(102-88) 84.5(89-79) 9(10-8) 91(98-43) 81(98-51)

Oxytocin-Induced

Control 4.5(5-3) 100 100 8(12-8) 100 100
0.1 (nM) oxytocin 11(12-9) 133(239-106) 285(315-167) 8.5(12-7) 209.5(318-143.5) 291.5(377.5-227.25)

1 (μM) 11(12-9) 134(207-112) 265(294-153) 10.5(11-7) 187(425-128,5) 298.5(359.75-205)
3 (μM) 10(10-9) 137.5(208-113) 251.5(269-133) 10(11-7) 190.5(320.25-121.5) 257.5(325-184)
10 (μM) 10(10-9) 138(209-115) 236.5(251-125) 9.5(12-7) 172(314.5-112.5) 231.5(297-165.5)

AUC: Area Under the Curve.

justment (pairedWilcoxon signed-rank test, exact, two-sided)
(Table 4).

In myometrial strips from nonpregnant adult female rats
(n=6) under oxytocin-induced contractions, cumulative ef-
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Table 4. Dose-dependent comparisons versus baseline.

Wilcoxon for Escitalopram

Nonpregnant Pregnant

Contraction Type Drug Concentration μM AUC Frequency Amplitude AUC Frequency Amplitude
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1 (μM) 0.06 0.09 0.31 0.94 0.53 1.00 0.31 0.63 1.00 1.00 0.12 0.37
3 (μM) 0.03 0.09 0.41 0.94 0.81 1.00 0.12 0.37 0.50 1.00 0.31 0.63
10 (μM) 0.03 0.09 0.69 0.94 0.50 1.00 0.62 0.63 0.75 1.00 0.62 0.63

Ox
yt
oc

in
-In

du
ce

d

1 (μM) 0.09 0.09 0.50 0.50 0.84 1.00 0.44 0.44 0.87 1.00 0.62 1.00
3 (μM) 0.03 0.09 0.06 0.19 0.72 1.00 0.06 0.19 1.00 1.00 0.56 1.00
10 (μM) 0.03 0.09 0.12 0.25 0.78 1.00 0.06 0.19 0.81 1.00 0.56 1.00

AUC: Area Under the Curve, bold and § indicate statistically significant differences compared to control (p<0.05. Wilcoxon signed-rank test, Holm–Bonferroni–adjusted).

Table 5. Linear Mixed-Effects Model (LMM) analysis of dose-dependent contractility trend.

Slope β (%/dose code*) 95% CI p Spearman ρ

Se
rtr

al
in
e

Nonpregnant spon
AUC −1.43 [−2.28, −0.59] <0.001 −0.76

Amplitude −0.03 [−0.12, 0.05] 0.46 −0.06
Frequency −0.88 [−1.65, −0.10] 0.03 −0.18

Nonpregnant Oxytocin Induced
AUC −5.96 [−7.95, −3.97] <0.001 −0.57

Amplitude -4.44 [-9.27, 0.39] 0.07 -0.22
Frequency −0.48 [-0.64, -0.32] <0.001 −0.66

Pregnant spontaneous
AUC −1.85 [−4.92, 1.22] 0.24 −0.35

Amplitude −0.09 [−0.23, 0.06] 0.24 −0.09
Frequency −0.12 [−4.59, 4.35] 0.96 −0.14

Pregnant Oxytocin Induced
AUC −9.33 [−13.21, −5.44] <0.001 −0.39

Amplitude −0.19 [−0.34, −0.04] 0.01 −0.41
Frequency −9.38 [−16.87, −1.88] 0.01 −0.34

Es
ci
ta
lo
pr
am

Nonpregnant spontaneous
AUC −1.52 [−2.17, −0.86] <0.001 −0.75

Amplitude −0.02 [−0.12, 0.07] 0.65 −0.15
Frequency −1.00 [−1.93, −0.06] 0.04 −0.14

Nonpregnant Oxytocin Induced
AUC −3.66 [−5.38, −1.95] <0.001 −0.64

Amplitude −0.36 [−0.59, −0.14] 0.002 −0.48
Frequency −0.29 [−1.25, 0.68] 0.56 0.07

Pregnant spontaneous
AUC −2.16 [−3.54, −0.78] 0.005 −0.62

Amplitude −0.05 [−0.15, 0.05] 0.34 −0.09
Frequency −1.44 [−2.79, −0.09] 0.04 −0.36

Pregnant Oxytocin Induced
AUC −6.97 [−10.61, −3.32] <0.001 −0.45

Amplitude 0.06 [−0.12, 0.23] 0.53 0.08
Frequency −3.40 [−14.28, 7.49] 0.54 −0.16

*Cl: Confidence Interval, AUC: Area Under the Curve, dose code: control, 1 μM, 3 μM, 10 μM.

fects of escitalopram (1, 3, and 10 µM) insignificant in terns
ofAUC, amplitude, or frequency afterHolm–Bonferroni ad-
justment (pairedWilcoxon signed-rank test; exact, two-sided)
(Table 4).

In myometrial strips from pregnant adult female rats (n=5),
cumulative effects of escitalopram (1, 3, and 10 µM) during

spontaneous contractions were insignificant in terms of in
AUC, amplitude, or frequency after Holm–Bonferroni ad-
justment (pairedWilcoxon signed-rank test, exact, two-sided)
(Table 4).

In myometrial strips from pregnant adult female rats (n = 6)
under oxytocin-induced contractions, cumulative effects of
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escitalopram (1, 3, and 10 µM) were insignificant in terms of
AUC, amplitude, or frequency after Holm–Bonferroni cor-
rection (paired Wilcoxon signed-rank test, exact, two-sided)
(Table 4).

Analysis of the dose-response trend

Across datasets, dose–responsemodeling with a linearmixed-
effectsmodel (LMM) framework showed that increasing dose
was associated with a reduction in myometrial contraction,
most consistently for AUC and often for amplitude, while
effects on frequency were smaller or dataset-dependent. Im-
portantly, even in conditions where individual dose vs con-
trol comparisons (Wilcoxon) did not reach significance, the
mixed-effects slope (β) indicated a negative trend across the
given doses, and Spearman’s ρ supported the monotonic de-
crease. Collectively, these findings indicate that higher cumu-
lative doses tend to inhibit the myometrial contraction (Ta-
ble 5).

DISCUSSION

In our in vitro rat model, both SSRIs demonstrated a dose-
dependent reduction in total contractile activity (AUC)
across spontaneous and oxytocin-induced conditions. This
was reflected by a negative dose–response slope ($\beta < 0$)
in the linearmixed-effectsmodel (LMM),with the notable ex-
ception of sertraline’s effect on spontaneous contractions in
pregnant strips. The inhibitory trend was most pronounced
under oxytocin stimulation. For sertraline, the LMM in-
dicated significant AUC reductions under oxytocin in both
(e.g., nonpregnant: β=−5.96%/µM, 95%CI−7.95 to−3.97;
pregnant: β = −9.33 %/µM, 95% CI −13.21 to −5.44). Con-
versely, amplitude and frequency varied by condition and
group, failing to form a consistent pattern.
Holm–Bonferroni-adjusted Wilcoxon comparisons con-
firmed a consistent reduction in AUC only for sertraline
under oxytocin stimulation; in contrast, escitalopram showed
no statistically significant changes in AUC, amplitude, or
frequency after correction for multiple comparisons. Cor-
roborating our findings, previous studies have reported
that sertraline exerts a relaxant effect on smooth muscle,
particularly at higher concentrations and under induced
contractile conditions [13, 19]. Although escitalopram has
likewise been shown to induce dose-dependent relaxation in
various smooth muscle tissues (20), no significant changes
were observed in our study via pairwise comparisons. This
discrepancy may stem from the inherent limitations of
the Wilcoxon test; particularly with small sample sizes and
stringent multi-comparison corrections, it may fail to detect
subtle but consistent effects. In contrast, statistical methods
that directlymodel ordinal dose–response relationships, such
as the LMM and Spearman’s rho coefficient, offer greater
statistical power to detect uniform changes distributed across
dose levels.

Myometrial contraction depends not only on IP3-mediated
Ca²+ release from the sarcoplasmic reticulum (SR)but also on
extracellular Ca²+ influx through L-type Ca²+ channels [21].
Previous reports indicating that sertraline and escitalopram
can inhibit Ca²+ currents at micromolar concentrations align
with the patterns observed here [19, 20]. Under conditions
of elevated Ca²+ demand (such as oxytocin stimulation), a
channel-level "brake" on stimulus-dependent Ca²+ entry may
reduce total activity (AUC) and lower contraction frequency
at higher concentrations without necessarily suppressing am-
plitude in a uniform manner. Furthermore, escitalopram is
known to inhibit not only calcium channels but also voltage-
dependent potassium (Kv) channels in vascular smoothmus-
cle [22]. The possibility that these ion channel effects are less
pronounced in uterine smoothmuscle, or require higher con-
centrations tomanifest, is consistentwith the smaller negative
dose–response slope observed for escitalopram (β<0) and the
absence of significant effects in pairwise Wilcoxon compar-
isons. These findings likely reflect drug-specific pharmacody-
namic properties and inherent limitations in statistical power.
If SSRIs attenuate oxytocin-dependent contractility, expo-
sure during pregnancy may contribute to variability in intra-
partum uterotonic responsiveness, potentially slowing labor
progression or increasing the need for augmentation. Never-
theless, these in vitro findings are hypothesis-generating and
do not, in isolation, warrant changes in clinical practice. Ob-
servational studies have reported a consistent association be-
tween SSRI use and postpartum hemorrhage [10, 23, 24],
whereas associations with preterm birth [25] and miscarriage
[26] remain more heterogeneous. In the clinical context, the
dose-dependent inhibition of myometrial contractions ob-
served in our study aligns with the principles of utilizing the
lowest effective dose, avoiding polypharmacy, and selecting
agents with favorable reproductive safety profiles to maintain
a patient-centered risk–benefit balance that safeguardsmater-
nal mental health [27, 28].

Limitations

Our study has several limitations. First one is the fact that cur-
rent study is an ex vivo study. Species differences and the ab-
sence of investigations regarding the endocrine, vascular, and
inflammatory components of the effects may limit extrapola-
tion of our results to human subjects .
Another limitation is the small number of subjects and the
Holm-Bonferroni adjustment reduces sensitivity of pairwise
tests; thus, subtle dose-specific effects may be under-detected
even when a global trend exists. Furthermore, we did not
perform blocking experiments (e.g., nifedipine, SOCE in-
hibitors) or direct Ca²+ imaging/patch-clamp, so ion-channel
involvement is inferred from the pattern and prior literature
rather than demonstration with our results.
In the present study, we did not assess the probable indi-
rect SSRI effects via uteroplacental or fetoplacental perfusion
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(e.g., 5-HT–sensitive vasoreactivity); such changes could con-
tribute to clinical outcomes (postpartum hemorrhage, spon-
taneous abortion, preterm labor) even in the absence of strong
directmyometrial effects at therapeutic exposures. Wedid not
test the serotonin–oxytocin crosstalk. Although serotonin
can be uterotonic and oxytocin may increase local serotonin
availability (e.g., by limiting uptake in mast cells), our setup
didnot test these interactions explicitly. Wedidnot assess how
depression itself (neuroendocrine/inflammatory alterations)
might modify uterine contractility; disease-model studies are
warranted.

CONCLUSION
Our data demonstrate a negative dose–response slope (β < 0)
for AUC with SSRI treatment—most robustly for sertraline
under oxytocin stimulation—while amplitude and frequency
exhibit condition-dependent variability. These findings sug-
gest drug-specific, rather than uniform class-wide, effects on
myometrial contractility. Such results underscore the need for
future research to delineate dosing strategies that minimize
obstetric risks while preserving antidepressant efficacy.
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MAIN POINTS

• Transarterial embolization with
bleomycin–lipiodol emulsion is a
safe and effective treatment for
giant hepatic hemangiomas.

• Significant volumetric reduction
was achieved, with 90% of patients
reaching a volume reduction ratio
(VRR)≥50% at 12 months.

• Symptom resolution was observed
in 93.5% of patients, with no major
complications reported.

• Equal or greater than 75% periph-
eral contrast filling during emboliza-
tion predicted higher volumetric re-
sponse.
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ABSTRACT

Aim: Hepatic hemangiomas (HHs) are the most common benign liver tumors, and giant lesions
may cause symptoms or complications requiring intervention. Surgical resection carries sig-
nificant morbidity, and minimally invasive alternatives such as transarterial embolization (TAE)
have gained importance. This study aimed to evaluate the clinical and radiological outcomes of
TAE with bleomycin--lipiodol emulsion for giant HHs and to examine the relationship between
peripheral contrast filling and volumetric response.
Materials and Methods: This retrospective, dual-center study included 41 patients who under-
went TAE between January 2019 and June 2024. Indications for treatment were symptomatic
lesions≥5 cm, progressive growth of hemangiomas, or all lesions≥10 cm. Contrast-enhanced
MRI or CT was performed at 1, 3, 6, and 12 months post-treatment. Volumetric reduction ratio
(VRR) and size reduction were calculated, and angiographic peripheral contrast filling was cat-
egorized into four groups (<25%, 25--49%, 50--74%, 75%). Clinical outcomes, technical success,
and complications were analyzed.
Results: One patient was identified as a statistical outlier and excluded from the final analy-
sis, which therefore comprised 40 patients (73 HHs). The mean baseline lesion diameter was
8.6±0.5 cm, with a median volume of 178.3 cc (IQR 62.5--376.0). At 12 months, the mean VRR
reached 75%, and 90% of patients achieved VRR≥50%. Patients with≥75% peripheral contrast
filling had significantly greater volume reduction compared with lower filling groups (p<.001).
Symptom resolution occurred in 93.5% of symptomatic patients. The overall complication rate
was 25%, all of which were minor (SIR Grade A--B), and no major or persistent complications
were observed.
Conclusion: TAE with bleomycin--lipiodol emulsion is a safe and effective treatment for giant
hepatic hemangiomas, providing substantial volume reduction and symptom relief. The degree
of peripheral contrast filling may serve as a predictor of treatment success.

Keywords: Liver hemangioma, Therapeutic embolization, Bleomycin, Treatment outcome,
Volume reduction rate
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INTRODUCTION
Hepatic hemangiomas (HHs) are the most common benign
neoplasms of the liver, with a reported prevalence ranging
from0.4% to 20% in population-based studies [1]. MostHHs
are detected incidentally; due to their small size and asymp-
tomatic nature, they typically require no intervention [2–4].
However, "giant" hemangiomas—defined by a large diameter,
rapid progression, or compression of adjacent structures—
may cause symptoms such as abdominal pain, distension,

pressure sensation, and early satiety [5–7]. Although rare,
spontaneous rupture is also a potential complication [8].

While surgical resection has traditionally been the stan-
dard treatment for giant HHs, the associated risks of sig-
nificant intraoperative bleeding and postoperative morbidity
have underscored the need for minimally invasive alternatives
[1,9,10]. In this context, transarterial embolization (TAE),
particularly using a bleomycin–lipiodolmixture, has emerged
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as an effective method for achieving symptom control and le-
sion size reduction [3,6,7,9].
Recent large series, meta-analyses, and regional case reports
demonstrate that bleomycin–lipiodol TAE yields an average
volume reductionof approximately 70% to90%within6 to12
months, accompanied by substantial symptomatic improve-
ment [6,7,11]. Furthermore, studies byZhao et al., Torkian et
al., and Akhlaghpoor et al. indicate that, unlike surgery, TAE
offers a superior safety profile, shorter recovery time, and the
feasibility of repeat sessions [3,6,7]. Cumulativedata [4]high-
light the emerging role of transarterial approaches as viable al-
ternatives to surgery for giant hepatic hemangiomas. Within
this framework, we retrospectively evaluated the clinical and
radiologic efficacy of TAE in a two-center cohort and com-
pared our findings with the current literature.

MATERIALS ANDMETHODS
Study design and ethical approval

This retrospective study included patientswithHHswhoun-
derwent TAE between January 2019 and June 2024 at two
tertiary interventional radiology centers. Ethical approval was
obtained from the institutional non-interventional research
ethics committee (Kütahya Health Sciences University Non-
InterventionalClinical Research EthicsCommittee, approval
number: 2025/09-23, July 14, 2025). The study was con-
ducted in accordance with the Declaration of Helsinki.

Inclusion and exclusion criteria

Eligible patients met the following criteria: age≥18 years, at
least one hepatic hemangioma diagnosed radiologically by dy-
namicMRI (or CT in cases of contraindication) [12] (Figure
1), and a minimum lesion diameter of 5 cm. For lesions mea-
suring 5–10 cm, treatment was indicated in symptomatic pa-
tients (e.g., abdominal pain, fullness) or in cases showing≥1
cm growth within one year. For lesions ≥10 cm, treatment
was indicated regardless of symptoms or progression status.
Exclusion criteria included known malignancy, active coag-
ulopathy (INR ≥1.5 and platelet count <50,000/mm³), ad-
vanced hepatic or renal dysfunction, iodine contrast allergy,
or incomplete clinical and imaging data at baseline or follow-
up.

Preprocedural assessment

All patients were reassessed by the interventional radiologist
who was to perform the procedure. Pre-existing imaging
(MRI or CT) was reviewed, and volumetric as well as triax-
ial measurements were obtained. Four experienced interven-
tional radiologists (two per center) participated in the study,
each responsible for performing the procedure and oversee-
ing follow-up. Pre- and post-procedural lesion dimensions
were obtained retrospectively from radiology reports, which
had been documented by the interventional radiologist who
performed each procedure. Each report included the lesion’s

Figure 1. Contrast-enhanced dynamic MRI of the liver in a patient with a
right-lobar hepatic hemangioma. A) On the precontrast T2-weighted im-
age, a hyperintense lesion is observed in the right hepatic lobe (marked
with a red star). (B--D) Dynamic postcontrast images demonstrate pro-
gressive, discontinuous centripetal enhancement, which is characteris-
tic of hepatic hemangioma.

longest diameter and triaxial measurements, from which vol-
umetric data had been calculated using the ellipsoid formula
(Volume=0.52× length×width×height). These valueswere
verified and recorded from the institutional picture archiving
and communication systems (PACS) of both centers.

Embolization procedure

All procedures were performed under local anesthesia with-
out sedation. Vascular access was obtained via the common
femoral artery using an 18G needle, followed by placement
of a 5–6F vascular sheath with the Seldinger technique. The
celiac trunk and/or superior mesenteric artery were catheter-
ized with a Simmons 1 or Cobra 2 catheter over a .035–.038-
inch guidewire. Digital subtraction angiography (DSA) was
used to evaluate hepatic arterial anatomy. The feeding arter-
ies were catheterized superselectively using a 2.1–2.7F micro-
catheter and a .014-inch guidewire.
The embolic mixture consisted of 15 mg bleomycin dissolved
in 5 mL saline and emulsified with 10 mL lipiodol, yielding a
total volumeof 15mL.The solutionwaspreparedby continu-
ous agitation between two syringes connected via a three-way
stopcock. It was administered slowly into each feeding artery
until refluxwas observed (Figure 2). Technical success was de-
fined as full opacification of all feeding arteries and stasis at the
end of embolization. No additional embolic materials (parti-
cles, coils, or plugs) were used.

Peripheral contrast filling assessment

Angiographic data were retrospectively reviewed from in-
stitutional archives. Two interventional radiologists in-
dependently evaluated the peripheral distribution of the
bleomycin–lipiodol mixture. For standardization, the le-
sion circumference was divided conceptually into four quad-
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rants, and peripheral fillingwas categorized as <25%, 25–49%,
50–74%, or ≥75% (Figure 2). Interobserver agreement was
assessed using Cohen’s kappa coefficient.

Periprocedural monitoring
All patients were monitored for at least 24 hours post-
procedure. Vital parameters and potential periprocedural
complications were continuously assessed during and after
the embolization. Prophylactic antibiotics were administered
when indicated. Analgesics and antiemetics were given as
needed. No patients required sedation or general anesthesia.
Both acute and delayed complications were prospectively
recorded and retrospectively reviewed in accordance with
the Society of Interventional Radiology (SIR) Adverse Event
Classification System, which enables standardized grading of
procedure-related events.

Follow-up protocol
Follow-up was conducted at 1, 3, 6, and 12 months using
dynamic contrast-enhanced MRI (or CT if MRI was con-
traindicated). At each visit, the longest axis, triaxial measure-
ments, and lesion volume were recorded. Symptomatic pa-
tientswere also assessed forpersistenceor resolutionof clinical
complaints. All patients were followed for at least 12 months
after the procedure, and imaging assessments were standard-
ized to the 12-month time point to ensure consistent evalua-
tion across the cohort.

Statistical analysis
No a priori sample size calculation was performed because of
the retrospective design. Post-hoc power analysis was con-
ducted using G*Power 3.1 to evaluate the achieved statistical
powerbasedon theobserved effect size betweenperipheral fill-
ing subgroups.
All statistical analysis was performed using SPSS version 25.0
(IBMCorp., Armonk, NY, USA). The normality of continu-
ous variables was assessed using the Kolmogorov–Smirnov or
Shapiro–Wilk tests depending on sample size, complemented
by visual inspection of histograms and Q–Q plots. Normally
distributed variables were expressed as mean ± standard devi-
ation (SD), whereas non-normally distributed variables were
summarized as median [interquartile range (IQR)]. Categor-
ical variables were expressed as counts and percentages.
Temporal changes in lesion VRR and diameter reduction
ratio were evaluated using repeated-measures ANOVA, fol-
lowed by Bonferroni-adjusted pairwise comparisons. The
independent-samples t-testwas applied to compare 12-month
VRR values according to the number of treatment sessions,
baseline symptom status, and lesion size categories (5–10 cm
vs >10 cm). Comparisons among peripheral filling pattern
groups (<25%, 25–50%, 50–75%, >75%) were performed us-
ing one-way ANOVA, followed by post-hoc Tukey tests.
For non-normally distributed parameters the Mann–
Whitney U test was used. Chi-square testing assessed

associations between categorical variables. Correlations
between continuous variables were analyzed with Spearman’s
rank-order and Pearson’s correlation coefficient. To further
evaluate the predictive role of peripheral contrast filling
on 12-month VRR, a simple linear regression analysis
was performed. Interobserver agreement between the two
radiologists who categorized peripheral filling was assessed
using Cohen’s kappa (κ). Statistical significance was defined
as p<.05.

RESULTS
A total of 74 HHs were treated in 41 patients included in the
inital study cohort; however, one patient was identified as a
statistical outlier and excluded from the final analysis. Ac-
cordingly, 73 HHs in 40 patients were included in the eval-
uated dataset. The median age of the patients was 51 years
(IQR: 47-56), and the majority were female (32/40; 80%),
while 8 patients (20%) were male. The mean pre-procedural
longest lesion diameter was 8.57±0.53 cm (range: 5.1–17.0
cm), and the median baseline lesion volume was 178.32 cc
(IQR: 62.49–376.02). When evaluated on a per-patient basis,
lesion locationwas right-lobar in 28 patients (70 %), left-lobar
in 9 patients (22.5%), and bilateral in 3 patients (7.5%). A sin-
gle lesion was detected in 24 patients (60.0%), while multiple
lesions were present in 16 patients (40.0%) (Table 1).
The mean follow-up duration for the entire cohort was
21.7±10.3months (range, 12–48months). For uniformity of
analysis, outcomes were primarily evaluated at the 12-month
time point, which was completed by all patients. During
the available follow-up period, no lesion regrowth or new
lesion development was observed. Across all procedures,
the mean administered volume of the prepared bleomycin–
lipiodolmixturewas 15.93 ± 9.71mL (median: 15mL; range:
5–41mL), and the average bleomycin dose per sessionwas cal-
culated as 12.06 mg (Table 2).
A single-session TAE was sufficient in 30 patients (75.%),
whereas 10 patients (25%) underwent multiple treatment ses-
sions. Among those requiringmore than one session, five had
multiple lesions; in three patients, a single lesion could not
be fully embolized in one session due to the recommended
maximumdose per procedure; and in twopatients, additional
sessions were performed due to insufficient volume reduction
observed during follow-up.
At least one symptom was observed in 31 patients (77.5%).
The most commonly reported symptom was pain, present
in 27 patients (67.5%), followed by a sense of pressure in 15
patients (37.5%), abdominal distension in 10 patients (25%),
and early satiety in 5 patients (12.5%) (Table 2). Patients
presenting with a sensation of pressure or abdominal disten-
sion had significantly larger pre-procedural lesion volumes
(p=.02 and p<.01, respectively). In contrast, lesion volume
was not significantly associated with the presence of pain
(p=.18) or early satiety (p=.17). Additionally, pressure sen-
sation (p<.01), distension (p<.01), and early satiety (p=.04)

153 https://doi.org/10.5455/annalsmedres.2025.09.270

https://doi.org/10.5455/annalsmedres.2025.09.270


Yavas HG. et al. Original Article AnnMed Res 2026;33(4):151–158

Figure 2. Angiographic images demonstrating variations in peripheral enhancement patterns of hepatic hemangiomas treatedwith bleomycin--lipiodol
embolization. (A) In a patient with a lobulated hemangioma located in the right hepatic lobe, peripheral enhancement was assessed as 50--74%. (B)
In another patient, the lesion demonstrated peripheral enhancement greater than 75%. (C--D) Images from a patient who underwent embolization in
two separate sessions for a hemangioma supplied by branches of both the right and left hepatic arteries. Peripheral enhancement ranged between
25% and 49% on different angiographic projections.

Figure 3. Temporal changes in median lesion volume and maximum diameter following transarterial embolization. The chart depicts median lesion
volume (left Y-axis, blue bars) and mean maximum diameter (right Y-axis, orange line) at five time points: baseline (pre-procedure), and 1st, 3rd, 6th,
and 12th months post-embolization. Both parameters demonstrated a gradual and consistent decline throughout the follow-up period, indicating a
sustained volumetric and morphologic response to embolization.

were more frequently observed in patients with large lesions
located in the left hepatic lobe. At the 12-month follow-
up, complete symptomatic resolution was achieved in 29 of
31 symptomatic patients (93.5%), while partial improvement
was observed in 2 patients.

The mean VRR values at 1, 3, 6, and 12 months were cal-
culated as .32 ± .22, .53 ± .23, .69 ± .19, and .75 ± .16, re-
spectively (Table 3). Repeated-measures ANOVA showed a
statistically significant increase in VRR over time (F[3,120]
= 144.29, p<0.001, η² = 0.79). Pairwise comparisons re-

vealed significant improvement between each consecutive
timepoint (p<0.001 for all). Inparallel,meandiameter reduc-
tion ratios were recorded as .17 ± .13, .27 ± .14, .39 ± .16, and
.44 ± .15 at the same follow-up intervals, showing a similarly
significant trend over time (F[3,120] = 86.19, p<0.001, η² =
0.69). At the one-year follow-up, the mean long-axis diame-
ter of the lesions was approximately 4.86 ± 2.27 cm, and the
median lesion volume was calculated as 33.14 cc (IQR 8.87-
102.76) (Figure 3 and 4). The number of cases with a VRR
≥50%was 36 (90%) at 12months, 32 (80.0%) at 6months, 22
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Table 1. Patient demographics and baseline lesion characteristics.

Variable Value

Total number of patients 40
Total number of lesions 73
Age (years) 51 [47--56]
Gender (F/M) 32 / 8

Presence of symptoms (at least one) 31 (77.5%)
Pain 27 (67.5%)
Sense of compression 15 (37.5%)
Distention 10 (25%)
Early satiety 5 (12.5%)

Preprocedural maximum lesion diameter (cm) 8.57 ± 0.53 (range: 5.1--17.0)
Preprocedural lesion volume (cc) 178.32 [62.49--376.02]
Lesion location (Right/Left/Bilateral) 28 / 9 / 3
Number of lesions (Single/Multiple) 24 / 16

Table 2. Procedural protocol, technical parameters, peripheral distribution pattern, and complication analysis.

Parameter Details

Embolic agent Bleomycin--lipiodol emulsion
Total bleomycin amount (mg) 15.93 ± 9.71 (range: 5--41)
Average bleomycin dose per session (mg) 12.06
Number of sessions (Single / Multiple) 30 / 10
Technical success 100%
Postprocedural monitoring Average 24-hour hospitalization
Prophylactic medication Antibiotics ± analgesics / antiemetics

Peripheral enhancement pattern (%)
25--49% 7 patients (17.5%), mean VRR: .61
50--74% 12 patients (30%), mean VRR: .66
≥75% 18 patients (45%), mean VRR: .85

Complications Pain (15%), PES (10%), total: 25%; no long-term events
PES = Postembolizasyon sendromu; VRR = Volume Reduction Ratio.

Table 3. Volumetric reduction ratio, diameter reduction rate, and time-series analysis.

Follow-up Time Point Diameter Volume Diameter Reduction Rate Mean VRR Patients with VRR
(cm, mean±SD) (cc, median [IQR]) (mean±SD) (mean ±SD) ≥50% (n, %)

1st month 7.24 ± 3.19 (2.7--14.0) 135.46 [34.32-287.07] .17 ± .14 .32 ± .24 8 (20.0%)
3rd month 6.37 ± 2.83 (2.2--12.5) 79.05 [19.03-200.24] .27 ± .14 .53 ± .23 22 (55.0%)
6th month 5.32 ± 2.53 (1.5--11.5) 40.87 [11.73-131.04] .39 ± .16 .69 ± .19 32 (80.0%)
12th month 4.86 ± 2.27 (1.3--11.5) 33.14 [8.87-102.76] .44 ± .15 .75 ± .16 36 (90.0%)

(55%) at 3 months, and 8 (20%) at 1 month.

Twelve-month VRR outcomes did not differ significantly ac-
cording to the number of TAE sessions performed (single vs.
multiple, p=0.92) or the categorized lesion sizes (5–10 cm vs.
>10 cm, p = 0.46). When patients were stratified by base-
line symptom status, those who presentedwith clinical symp-
toms tended to show higher volumetric reduction ratios at 12
months compared with asymptomatic individuals; however,
this difference did not reach statistical significance (p=0.06).

A statistically significant differencewas observed in 12-month
VRR values across peripheral filling pattern groups (one-way
ANOVA, p<.01). Accordingly, the mean VRR was calcu-
lated as .85 in patients with 75% peripheral filling, .66 in the
50–74% group, and .61 in the 25–49% group. Subgroup

analysis revealed that patients with ≥75% peripheral filling
exhibited significantly greater VRR values than those in the
50–74% and 25–49% groups (p<.001) (Figure 5). A strong
positive correlation was observed between VRR and the de-
gree of peripheral contrast filling (r=0.64, p<0.001). Lin-
ear regression analysis further confirmed that the extent of
peripheral contrast filling was a significant predictor of 12-
month VRR (β=0.627, p<0.001). The overall regression
model was statistically significant (F[1,38] = 24.67, p<0.001),
explaining approximately 39% of the variance in volumetric
response (R²=0.39). Interobserver agreement between the
two radiologists who performed the peripheral filling pattern
classification was very high, with a Cohen’s kappa coefficient
of .875 (p<.01). Post-hoc power analysis for the comparison
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Figure 4. MRI follow-up of the same patient shown in Figure 1, demon-
strating treatment response after TAE with a bleomycin--lipiodol emul-
sion. (A, B) Pre-procedural MRI reveals a lobulated, hyperintense heman-
gioma in the right hepatic lobe on axial T2-weighted imaging (A) and typi-
cal peripheral nodular enhancement on post-contrast T1-weighted imag-
ing (B). (C, D) Corresponding 12-month follow-up images show marked
volumetric regression, with near-complete resolution of the lesion on
both T2-weighted (C) and post-contrast T1-weighted (D) sequences, con-
sistent with a favorable therapeutic response.

Figure 5. Box plot of 12-month volume reduction ratio (VRR) according
to peripheral Lipiodol--bleomycin coverage. Significantly higher VRRwas
observed in patients with≥75% peripheral coverage compared to lower
coverage groups (p<.01).

of≥75% and <75% peripheral filling groups demonstrated a
large effect size (Cohen’s d=1.54) and an achieved power of
0.999 at α=0.05 (two-tailed).
Themost common acute complications observed in the post-
procedural period were postprocedural pain (n = 6; 15%) and
postembolization syndrome (n = 4; 10%), while no acute
complications were noted in 30 patients (75%). There was
no statistically significant difference in 12-month VRR val-
ues between patients with and without acute complications
(t test, p=.52). Symptomatic management for patients with

complications included paracetamol orNSAIDs, with opioid
analgesics and antiemetics added as needed. Complete clini-
cal recovery was achieved in all patients within 24–48 hours,
andno long-term complications, including bleomycin-related
pulmonary toxicity,were reportedduring follow-up. All com-
plications were classified as minor (Grade A–B) according to
the SIR Adverse Event Classification System, and no major
adverse events were encountered.

DISCUSSION
This two-center retrospective study demonstrated that TAE
with a bleomycin–lipiodol emulsion is a safe and effective
treatment for giant HHs. At the 12-month follow-up, the
mean volumetric reduction ratio (VRR) reached 75%, with
nearly 90% of patients achieving a VRR ≥50%, accompa-
nied by complete resolution of symptoms in 93.5% of symp-
tomatic patients. Importantly, a significant correlation was
found between the extent of peripheral contrast filling and
VRR, suggesting that this angiographic parameter may pre-
dict treatment response.
The findings of this study are consistent with previous re-
ports in the literature. The study population had a median
age of 51 years, and females represented 80% of the enrolled
cases. This demographic distribution is consistent with pre-
viously reported data in the literature [3,5,6,10,11,13]. The
mean pre-procedural long-axis diameter of the lesions was 8.6
cm (range: 5.1–17.0 cm), and the median volume was 178 cc,
both of which are comparable to findings reported in similar
studies [3,5,14].
Among the 40 patients who underwent bleomycin–
lipiodol–based TAE, the proportion of cases achieving≥50%
volume reduction at 12 months was calculated as 90%. This
rate is in line with previous studies in the literature, which
have reported similar outcomes ranging between 70% and
90% [3,5,6,10,11,14–16]. In a meta-analysis by Torkian et
al. [7], the proportion of cases achieving >50% volumetric
response within 6–12 months of follow-up was reported to
range between 70% and 92%. These findings indicate that the
90% response rate observed in the present series is consistent
with large Asian andWestern cohorts, as well as with regional
case series.
Evaluation of the sequential follow-up data in the present
study demonstrated a gradual increase in mean VRR values,
measured as 32% at 1 month, 53% at 3 months, 69% at 6
months, and 75% at 12 months, with the difference found
to be statistically significant. Similarly, Zhao et al. [6] re-
ported VRR values of 28%, 50%, 70%, and 78% at the cor-
responding follow-up intervals. In the series by Pehlivan et
al. [11], mean VRRs were reported as 65% at 6 months and
74.6% at 12 months. The study by Yuan et al. [16] fur-
ther supports this gradual trend in early volume reduction,
with VRRs of 53% and 69% reported at 3 and 6 months, re-
spectively. This sequential pattern of volume reduction sug-
gests that the bleomycin–lipiodol TAE protocol may provide
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a time-dependent and sustained volumetric response in the
treatment of giant HHs. However, additional long-term data
beyond 12 months, supported by larger case series, are war-
ranted tomore accurately evaluate the durability of treatment
efficacy and the potential risk of lesion regrowth.

A recent study by Kutlu et al. [17] reported that significant
volume reduction may also occur in nontarget hemangiomas
following bleomycin–ethiodized oil embolization, suggesting
a possible systemic ormicrocirculatory effect of the agent. Al-
thoughour analysis focusedon embolized target lesions, some
patients in our cohort had multiple hemangiomas, and retro-
spective volumetric data of untreated lesionswere not system-
atically collected. Future studies designed to evaluate both tar-
get and nontarget lesion responses could further clarify the
broader therapeutic impact of this technique.

In the present series, at least one symptom was present in
77.5%ofpatients prior to theprocedure. Themost frequently
reported complaint was pain (67.5%), followed by a sense of
pressure (37.5%), abdominal distension (25%), and early sati-
ety (12.5%). This symptom distribution is consistent with
the clinical profiles reported in the series by Zhao et al. and
Akhlaghpoor et al., in which pain and a sense of pressure were
among themost common symptoms, whereas distension and
early satiety were observed less frequently [3,6].

In this study, the finding that patients experiencing a sense
of pressure and abdominal distension had significantly higher
mean lesion volumes is consistent with previous reports by
Akhlaghpoor et al. and Kacała et al., which suggest that me-
chanical compression in large-volume giant hepatic heman-
giomas may play a key role in the development of symptoms
[3,5]. Additionally, symptoms such as a sense of pressure, dis-
tension, and early satietyweremore frequently observed inpa-
tients with large lesions located in the left hepatic lobe com-
pared to those with right-lobe involvement. This observation
is in line with the interpretation provided by Kacała et al. [5],
which emphasized a potential association between lesion lo-
cation and symptomatology.

The rate of symptomatic improvement following treatment
was 93.5%, which aligns with many previous studies report-
ing rates above 90% [3,6,11,13–15]. Recent literature also
highlights that the majority of symptoms resolve after TAE,
and any remainingminor complaints are typicallymanageable
with conservative treatment approaches [2,5,18]. Although
not statistically significant, symptomatic patients showed a
trend toward greater volumetric reduction compared with
asymptomatic individuals. Previous studies havenot analyzed
volumetric outcomes in relation to symptom status, and our
findings provide preliminary data on this relationship.

In recent years, technical factors have been increasingly em-
phasized as critical determinants of volumetric treatment suc-
cess. In this study, the extent of bleomycin–lipiodol dis-
tribution around the lesion was evaluated based on a visu-
ally assessed peripheral filling score. The proportion of cases

demonstrating ≥75% peripheral distribution was 55%, and
this group showed significantly higher 12-monthVRRvalues
compared to the 50–74% and 25–49% groups (p<.001). Sim-
ilarly, in the study by Akhlaghpoor et al., complete circum-
ferential distribution of the lipiodol–bleomycin emulsionwas
achieved in 37.9% of cases, and this subgroup demonstrated
significantly higher rates of volume reduction than other dis-
tribution pattern groups (p=.04) [3]. In the series by Ka-
cała et al., extensive (>75%) peripheral distribution of the
bleomycin–lipiodol mixture was reported in 77.5% of cases,
and this was emphasized as a potential determinant of techni-
cal success [5]. The findings of the present study are consis-
tent with these reports and further support them with quan-
titative subgroup analyses.
Consistent with these reports, the findings of the present
study further support the role of peripheral contrast filling
as a potential determinant of volumetric response. In our
analysis, the degree of peripheral contrast filling showed a sig-
nificant positive correlation with 12-month VRR (r = 0.64,
p<0.001). Linear regression analysis also indicated that pe-
ripheral filling was significantly associated with VRR, ac-
counting for approximately 39% of the observed variance
(R²=0.39, β = 0.63, p<0.001). These results suggest that
a more extensive peripheral distribution of the bleomycin–
lipiodol emulsion during embolization may contribute to
greater volume reduction, although additional studies with
larger cohorts are needed to confirm this relationship.
The overall postprocedural complication rate was 25%, with
the most common adverse events being postprocedural pain
(15%) and postembolization syndrome (10%). In the litera-
ture, complication rates have been reported to range between
18% and 25% [3,6,11,13]. All complications in this serieswere
managed conservatively, and no long-term persistent compli-
cations were observed. Although systemic bleomycin expo-
sure is theoretically associatedwithpulmonary toxicity, the in-
traarterial route and low total dose used in embolization pro-
cedures substantially minimize this risk. Previous series have
also reported no cases of pulmonary fibrosis or systemic tox-
icity after bleomycin–lipiodol embolotherapy [3,6,13]. Con-
sistent with these findings, no respiratory complications or
laboratory abnormalities suggestive of bleomycin toxicity oc-
curred in our study population.

Limitations
The primary limitations of this study stem from its retro-
spective nature, the inherent subjectivity of symptom evalu-
ation, and the operator-dependent interpretation of periph-
eral contrast distribution. Although all patients completed
at least 12 months of clinical and imaging follow-up, long-
term outcomes beyond this period were not systematically as-
sessed; therefore, potential late regrowth could not be fully
evaluated. Volumetricmeasurementswere derived fromman-
ual calculations obtained from radiology reports, and auto-
mated or semi-automated segmentation softwarewas not em-
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ployed, which may have introduced minor variability in mea-
surement reproducibility. Furthermore, in patientswithmul-
tiple lesions, the potential volumetric response of nontarget
hemangiomas could not be assessed, as quantitative data were
available only for embolized target lesions. Despite these lim-
itations, the relatively large sample size, consistent volumet-
ric follow-up, a high rate of VRR success exceeding 50%, and
the strong concordance with published literature support the
contribution of this series to the existing body of evidence on
bleomycin–lipiodol–based TAE protocols. Future prospec-
tive, multicenter studies with extended follow-up are war-
ranted.

CONCLUSION
Our findings demonstrate that TAE with a bleomycin–
lipiodol emulsion is an effective non-surgical treatment op-
tion for giant hepatic hemangiomas, achieving substantial vol-
ume reduction (≥50%), marked symptomatic improvement,
and a favorable safety profile.
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MAIN POINTS

• Mobile phones used in hospital settings
showed a significantly higher contamina-
tion rate (65.9%) compared to those of pre-
clinical students (25.7%).

• Potentially pathogenic bacteria, includ-
ing Staphylococcus aureus, Pseudomonas
spp., and Acinetobacter baumannii, were
isolated only from hospital-exposed de-
vices.

• Preclinical students’ phones carried only
commensal skin flora, emphasizing the
role of hospital exposure in pathogen ac-
quisition.

• Infection control measures and compli-
ance with hand hygiene should be empha-
sized from the early years of medical edu-
cation, and it must not be overlooked that
mobile phones—devices used in every as-
pect of daily life—can also become con-
taminated in hospital environments.

Cite this article as: Altunisik Toplu S, Tanriverdi
ES, Curgatay AF, Parmaksiz EN. Assessment of
potentially pathogenic bacteria isolated from
mobile phones of preclinical and hospital-based
medical students and healthcare workers. Ann
Med Res. 2026;33(4):159--162. doi: 10.5455/an-
nalsmedres.2025.09.254.

ABSTRACT

Aim: Healthcare-associated infections (HAIs) remain a major global problem, and con-
taminated personal devices may act as unnoticed vectors. This study aimed to evaluate
the bacterial contamination of mobile phones among medical students and healthcare
workers in hospital and non-hospital settings.
Materials and Methods: A cross-sectional study was conducted between February and
March 2024. A total of 203 mobile phones were sampled: 94 from hospital-exposed par-
ticipants (clinical students and healthcare workers) and 109 from non-hospital-exposed
preclinical students. Surface swabs were inoculated into Mueller-Hinton broth, cultured,
and isolates were identified using standard microbiological techniques.
Results: Among hospital-exposed participants, bacteria were cultivated from 62/94
phones (65.9%), with potentially pathogenic organisms detected in 13.8%. Among
these bacteria were Staphylococcus aureus (n=4, none methicillin-resistant), Pseu-
domonas spp. (n=2), Acinetobacter baumannii (n=2), Enterococcus faecalis (n=1),
Stenotrophomonas maltophilia (n=1), and Bacillus spp. (n=3). Commensals such as
Staphylococcus epidermidis (n=36) and Staphylococcus haemolyticus (n=7) predomi-
nated. In contrast, only 28/109 samples (25.7%) from preclinical students showed
growth, limited to skin flora without pathogenic isolates. The contamination rate was
significantly higher in the hospital-exposed group (p<0.001).
Conclusion: Mobile phones used in hospital settings are more frequently contaminated
with potentially pathogenic bacteria compared to those of preclinical students, highlight-
ing their role as overlooked reservoirs of HAIs. Incorporating mobile device hygiene into
infection prevention strategies, alongside routine hand hygiene, and reinforcing struc-
tured training for students and healthcare professionals are critical measures to reduce
cross-contamination risks.

Keywords: Mobile phone contamination, Nosocomial infections, Hand hygiene,
Healthcare workers, Medical students, Bacterial colonization
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INTRODUCTION
Healthcare-associated infections (HAIs) remain a major
global health problem, contributing to significant morbidity,
mortality, and economic burden. In addition to traditional
risk factors, contaminatedmedical devices and personal items
carried by healthcare professionals have been increasingly rec-
ognized as potential sources of nosocomial transmission.

Mobile phones are among the most frequently handled per-
sonal devices by both healthcare workers and medical stu-
dents. Their continuous use, close contact with hands and
faces, and rare cleaning practices make them ideal reservoirs
for microorganisms. Evidence from different regions has
highlighted the potential role of these devices in the spread of
healthcare-associated pathogens.
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In Uganda, Lubwama et al. [1] demonstrated that hands of
medical students and mobile phones frequently carried bac-
teria associated with hospital-acquired infections, underlin-
ing their possible role as transmission vehicles. More recently,
another study from Türkiye revealed that bacterial contam-
ination was highly prevalent on mobile phones of medical
students, especially among those with clinical exposure, with
isolates including both commensal and pathogenic organ-
isms [2]. Complementing these findings, a systematic re-
view and meta-analysis from Africa reported a pooled preva-
lence of contamination exceeding 70% amongmobile phones
of healthcare workers, confirming that this issue represents a
global concern [3].
Taken together, the literature strongly supports the view that
mobile phones may serve as important but often overlooked
vectors of infection, warranting attention in infection control
policies. In our study, we aimed to address this issue by con-
ducting a researchprojectwith a groupof second-yearmedical
students within the framework of evidence-based medicine
practices. We evaluated the mobile phones of our faculty’s
students bothbefore and after clinical exposure, and addition-
ally included themobile phones of healthcareworkers outside
the group of hospital-employed students.

MATERIALS ANDMETHODS
This cross-sectional study was conducted at İnönü Univer-
sity Faculty of Medicine (Malatya, Türkiye) between Febru-
ary and March 2024. The research was designed and imple-
mented in collaboration with a group of second-year medical
students within the framework of evidence-based medicine
practices. The study was approved by the Inonu University
Health Sciences Scientific Research Ethics Committee (Deci-
sion No: 2025/7105, Date: March 11, 2025).

Study population

Participants were divided into two groups:

• Hospital-exposed group (n = 94): clinical medical stu-
dents in years 4–6 and healthcare workers with direct ex-
posure to hospital wards.

• Non-hospital-exposed group (n=109): preclinicalmed-
ical students in years 1–3 without hospital exposure.

Sample vollection and processing

Sterile cotton swabs were used to collect surface samples from
participants’ mobile phones. Each swab was immediately in-
oculated into Mueller-Hinton broth and then cultured for
bacterial growth.

Identification of isolates

Bacterial isolates were identified using standardmicrobiologi-
cal techniques, including colonymorphology, Gram staining,
and conventional biochemical tests.

Statistical analysis
Descriptive statistics were used to summarize contamination
rates and bacterial species distribution. The difference in
the proportion of positive cultures between hospital-exposed
and non-hospital-exposed participants was evaluated using
the chi-square (χ²) test. Statistical significance was defined as
p < 0.05. All statistical analyses were performed using IBM
SPSS Statistics for Windows, Version 26.0 (IBM Corp., Ar-
monk, NY, USA).
Since no a priori sample-size calculation was performed be-
fore data collection, a post-hoc power analysis was conducted
based on the observed effect size. UsingGPower (version 3.1),
with α = 0.05 and an effect size (w) of 0.40 obtained from the
observed frequencies (62/94 vs. 28/109), the achieved power
(1 – β) was calculated as 0.99, indicating that the sample size
(n = 203) was adequate to detect a statistically significant dif-
ference between groups.

RESULTS
A total of 203 mobile phone surface swabs were analyzed.
Among the hospital-exposed group (n = 94), 62 samples
(65.9%) yieldedbacterial growth,whereas in thenon-hospital-
exposed preclinical student group (n = 109), only 28 sam-
ples (25.7%) were positive (Table 1). The contamination rate
was significantly higher among hospital-exposed participants
compared with non-hospital-exposed preclinical students (χ²
= 33.1, p<0.001). Thepost-hocpower of this comparisonwas
0.99 (α = 0.05, effect size w = 0.40). Pathogenic bacteria were
more frequently isolated from hospital-exposed phones com-
pared with non-hospital-exposed phones. Notably, Staphylo-
coccus aureus, Pseudomonas spp., and Acinetobacter bauman-
nii were identified only in the hospital-exposed group. In
contrast, isolates from preclinical students’ phones were pre-
dominantly commensal skin flora such as Staphylococcus epi-
dermidis and Staphylococcus haemolyticus (Table 2).

DISCUSSION
Our findings demonstrate a significantly higher rate of bac-
terial contamination on mobile phones belonging to health-
care workers and clinical medical students compared with
those of preclinical stages of their studies. Importantly,
hospital-associated pathogens such as Staphylococcus aureus,
Pseudomonas spp., and Acinetobacter baumannii were exclu-
sively isolated from the hospital-exposed group, whereas de-
vices from the non-hospital exposed group carried only com-
mensal skin flora. This observation strongly suggests that be-
ing in the hospital environment facilitates the acquisition and
carriage of nosocomial microorganisms on personal devices.
These results are consistent with prior studies from both low-
and high-income countries, which have reported contami-
nation rates of over 70% among healthcare workers’ mobile
phones [3]. Lubwama et al. showed that final-year medi-
cal students inUganda frequently harbored hospital-acquired
bacteria on their phones and hands, highlighting the role of
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Table 1. Bacterial contamination rates according to study groups.

Group Total phones (n) Positive cultures, n (%)

Hospital-exposed (clinical students & HCWs) 94 62 (65.9)
Non-hospital-exposed (preclinical students) 109 28 (25.7)

Table 2. Distribution of bacterial isolates from contaminated mobile phones.

Bacterial species Number of isolates (n)

Staphylococcus aureus (none MRSA) 4
Pseudomonas spp. 2
Acinetobacter baumannii 2
Enterococcus faecalis 1
Stenotrophomonas maltophilia 1
Bacillus spp. 3
Staphylococcus epidermidis 36
Staphylococcus haemolyticus 7

mobile devices as potential vectors of healthcare-associated
infections (HAIs) [1]. Similarly, the systematic review and
meta-analysis from Africa confirmed that mobile phone con-
tamination is a widespread issue, with pathogenic species fre-
quently isolated from devices used in clinical environments
[3]. In Türkiye, Ünal et al. also reported that bacterial colo-
nizationwas significantly higher inmedical studentswith hos-
pital exposure compared to their preclinical peers [2].

The absence of pathogenic isolates amongpreclinical students
in our study further emphasizes the influence of hospital ex-
posure on the microbial profile of mobile phones. This sup-
ports the notion that mobile phones act as reservoirs in the
infection chain, enabling indirect transmission of hospital
pathogensbetweenpatients, healthcareworkers, and the com-
munity. Although hand hygiene remains the cornerstone of
infection prevention, the continuous handling of contami-
nated devices can compromise infection control efforts if mo-
bile phone hygiene is neglected.

From a public health perspective, this highlights the impor-
tance of not only strict adherence to hand hygiene protocols
but also the integration of mobile phone decontamination
into standard infection control policies. Regular cleaning
of devices with approved disinfectants, coupled with educa-
tional interventions for bothhealthcareworkers and students,
is essential to minimize cross-contamination risks. Further-
more, reinforcing awareness of device hygiene during medi-
cal training may help reduce the silent spread of HAIs and
protect both patients and healthcare providers. A study con-
ducted in Southern Ethiopia found that health profession-
als whose mobile phones were cleaned after each use or at
least once daily were significantly less likely to have contam-
inated devices. Conversely, lapses in handwashing before
patient contact dramatically increased contamination risk—
those who did not wash hands were nearly 13 times more
prone to having contaminated phones [4].

Similarly, environmental contamination within hospitals is

not restricted to mobile devices. In a study evaluating hos-
pital public toilets, Altunışık Toplu et al. reported that 26%
of 85 samples grew Gram-negative bacteria, although no car-
bapenemresistancewas detected. Notably, 31%of individuals
did not wash their hands at all after toilet use, and 27% prac-
ticed improper handwashing [5]. These findings emphasize
that shared hospital environments, such as toilets, may also
serve as reservoirs for nosocomial microorganisms if hand hy-
giene is neglected. Together with our results, this underscores
thedual importanceof bothpersonal device hygiene and strict
adherence to hand hygiene practices in mitigating the risk of
cross-contamination and the spread of healthcare-associated
infections.

Our findings highlight that mobile phones used in hospital
settings are more likely to harbor potentially pathogenic mi-
croorganisms compared with those of preclinical students,
supporting their role as overlooked reservoirs in the infection
chain. This reinforces the importance of considering personal
devices within infection prevention strategies.

It is important to implement infection control measures;
however, broader reviews and evidence mappings have em-
phasized that despite the well-recognized potential of mobile
phones to act as vectors of nosocomial pathogens, these de-
vices are frequently overlooked in routine disinfection proto-
cols. This gap in practice highlights the need for formal guid-
ance and educational strategies to ensure mobile device clean-
liness in clinical care areas [6].

Taken together, these findings underscore the necessity of in-
tegrating mobile phone decontamination into infection con-
trol policies, alongside strict hand hygiene compliance. Regu-
lar cleaning with approved disinfectants and educational in-
terventions targeting both healthcare workers and students
can substantially reduce cross-contamination risks. Practical
recommendations include routine cleaning of mobile devices
with 70% ethanol-based disinfectants or the use of UV steril-
izers, both of which have been shown to effectively reducemi-
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crobial contamination [7, 8]. Reinforcing awareness of device
hygiene during medical training may further help prevent the
silent spread of HAIs and protect both patients and health-
care providers.

Limitations
This study has some limitations. The study did not assess an-
tibiotic susceptibility profiles, viral contamination, or fungal
flora, which could provide amore comprehensive overview of
themicrobial spectrum. Furthermore, detailed data regarding
the departments and duration of hospital exposure for partic-
ipants with nosocomial pathogens were not collected, as the
study design prioritized anonymity.

CONCLUSION
Our results indicate that mobile phones used in hospital
environments serve as reservoirs for potentially pathogenic
microorganisms and may contribute to the transmission
of healthcare-associated infections. The absence of such
pathogens among preclinical students emphasizes the role of
hospital exposure in shaping device. Regular disinfection of
mobile phones, strict compliance with hand hygiene, and the
incorporation of device hygiene education intomedical train-
ing are essential strategies to minimize cross-contamination
risks and strengthen infection prevention efforts.
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MAIN POINTS

• Only half of the children who pre-
sented with oral bleeding were diag-
nosed with true hemoptysis.

• Lower respiratory tract infections
were the most common causes of
hemoptysis, while upper airway in-
fections predominated in pseudo-
hemoptysis.

• Bright red blood with cough and ab-
normal lung imaging were key indi-
cators of true hemoptysis.

• This study highlights the impor-
tance of distinguishing hemoptysis
from pseudohemoptysis based on
clinical and radiological findings.

Cite this article as: Mocan Caglar Y,
Can Oksay S. A concerning condition in
childhood: Hemoptysis or pseudohemopt-
ysis?. Ann Med Res. 2026;33(4):163--171.
doi: 10.5455/annalsmedres.2025.05.130.

ABSTRACT

Aim: Hemoptysis is defined as expectoration of blood from the lower respiratory tract, whereas
pseudohemoptysis is defined as bleeding originating from the upper airways or gastrointestinal
tract. Distinguishing between these entities in children is essential because of their differing
clinical implications. This study aimed to assess the diagnostic value of clinical features in
differentiating hemoptysis from pseudohemoptysis in pediatric patients and to analyze the un-
derlying causes and diagnostic approaches.
Materials and Methods: A retrospective review was conducted on 94 pediatric patients who
presented with oral bleeding between January 2018 and December 2024. We analyzed data on
demographics, bleeding characteristics, clinical findings, diagnostic imaging, and etiologies.
Results: Hemoptysis was diagnosed in 51% (n = 48) and pseudohemoptysis in 49% (n = 46) of
the cases. Cough, sputum production, and pink-to-bright red blood cells were significantly as-
sociated with hemoptysis (p<0.05). In contrast, pseudohemoptysis was more often associated
with blood mixed with saliva, which came directly from the mouth. Fever and purulent sputum
were more frequent in the hemoptysis group. Abnormal chest X-ray and CT findings were sig-
nificantly more common in patients with hemoptysis. The leading causes of hemoptysis were
parenchymal lung diseases (58.3%) and idiopathic causes (29.2%), whereas pseudohemopty-
sis was mainly caused by upper respiratory tract conditions, such as adenoid hypertrophy and
sinusitis (24.2%), idiopathic etiologies (21.7%), and artificial bleeding (8.8%).
Conclusion: In children, only half of the cases presenting with blood in the mouth are true
hemoptysis. The most important diagnostic indicators of hemoptysis are bright red to pink
color, accompanying cough, and any suspicious findings on chest radiography. The most com-
mon underlying causes of hemoptysis and pseudohemoptysis are lower and upper respiratory
tract infections, respectively.

Keywords: Hemoptysis, Pseudohemoptysis, Factitious hemoptysis, Child, Cough
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INTRODUCTION

Hemoptysis is defined as the expectoration of blood or blood-
tinged sputum originating from the lower respiratory tract,
which is below the level of the larynx. Although it is com-
mon in adults, it is a rare symptom in children, presenting a
diagnostic challenge. Children tend to swallow their sputum;
therefore, hemoptysis may go unnoticed unless the bleeding
is significant. Consequently, it often becomes a source of
considerable concern for the patient, family, and pediatrician.
Hemoptysis in children is commonly classified according to
the volume of bleeding: mild hemoptysis refers to expectora-
tion of less than 5mL of blood per day, moderate hemoptysis
to 5–200 mL per day, and massive hemoptysis to more than

200 mL per day or greater than 8 mL/kg/day [1]. Pseudo-
hemoptysis refers to bleeding from extrapulmonary sources,
such as the upper airway or gastrointestinal tract, but it can be
mistakenly attributed to true hemoptysis. Because diagnostic
and therapeutic strategies differ significantly, identifying the
source of bleeding is crucial.

Determining hemoptysis incidence in the pediatric popula-
tion is a challenging task. Contributing factors include in-
consistencies in case definitions, presentation to different spe-
cialties across various health care facilities, and the potential
for pseudohemoptysis to be misclassified as true hemoptysis
[2]. In a tertiary pediatric pulmonology center in Türkiye,
hemoptysis was detected in 1.8% of patients aged >6 years
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[3]. InGodfrey, hemoptysis accounted for only 0.8% of bron-
choscopy indications [4]. Previous studies have identified an
underlying cause in 75%–90% of pediatric hemoptysis cases,
while no specific etiology could be determined in 10%–25%
of cases. The most commonly reported causes include infec-
tions, bronchiectasis, parenchymal lung diseases, and previ-
ously operated congenital heart diseases [4-6]. Infections have
consistently been reported as the leading etiologic factor in
multiple studies [6-8]. Factitious hemoptysis, as observed in
Munchausen syndrome by proxy, involves the deliberate pro-
duction or simulation of symptoms by patients or caregivers.
Factitious causes should be considered in the differential di-
agnosis in cases of hemoptysis with unclear etiology to avoid
unnecessary and potentially harmful interventions [1,9-12].
This study aimed to evaluate the role of clinical and laboratory
findings in differentiating hemoptysis from pseudohemopty-
sis in our tertiary care center and to summarize the characteris-
tics of the diagnostic investigations performed to identify the
underlying etiology.

MATERIALS ANDMETHODS
The data of pediatric patients who presented to our Pediatric
Pulmonology outpatient clinic with complaints of oral bleed-
ing between January 2018 and December 2024 were retro-
spectively obtained from the hospital’s digital database and
medical record archives. Ethics approval for the studywas ob-
tained from the Kartal Koşuyolu Training andResearchHos-
pital Ethics Committee, with decision number 2024/11/842,
dated June 4, 2024.
In addition to the patients’ demographic data, the color and
duration of bleeding, presence of accompanying symptoms,
diagnostic methods, etiological causes, and final diagnoses
were recorded. The results of investigations such as bron-
choscopy and laryngoscopy were also documented if avail-
able. The inclusion criterion was pediatric patients who pre-
sented to the Pediatric Pulmonology outpatient clinic with
oral bleeding complaints. The exclusion criteria were as fol-
lows: (1) incomplete medical records, (2) bleeding disorders,
and (3) a diagnosis of vasculitis (Figure 1). Hemoptysis is cat-
egorized as mild/moderate or massive based on the daily vol-
ume of spat blood [1].
Hematemesis is the vomiting of blood originating from the
stomach or upper gastrointestinal tract, typically appearing
dark red or brown [4-7, 11]. Hematemesis patients were clas-
sified as having pseudohemoptysis.
Chest radiographs and thoracic computed tomography (CT)
revealed suspicious pathological appearances suggestive of the
etiologyof hemoptysis, including ground-glass opacities, alve-
olar consolidation, air bronchograms, nonspecific consolida-
tion, and cysts/cavities.
We re-evaluated and documented flexible bronchoscopy data
and video recordings obtained at our center. All flexible bron-
choscopy in this study were performed by our pediatric pul-
monology physicians in our clinic.

The algorithm begins with history taking and physical exami-
nation, differentiating between finding suggestive of gastroin-
testinal/upper airway sources and those indicating lower res-
piratory tract origin. In cases suggestive of pseudohemoptysis
or hematemesis, upper respiratory tract and gastrointestinal
pathologies are evaluated. Chest radiography, thoracic CT,
and further laboratory evaluation are recommended for sus-
pected lower airway causes. The algorithm also outlines sub-
sequent steps, including bronchoscopy, lung biopsy, and ap-
propriatemanagement strategies based on recurrence, specific
diagnoses (e.g., tuberculosis, bronchiectasis, actinomycosis),
or nonspecific findings.

Statistical analysis

An a priori power analysis was conducted in G*Power 3.1 for
a chi-square test of contingency tables, assuming a medium
effect size (Cohen’s w = 0.40), two-sided α = 0.05 (95% con-
fidence), power = 0.80, and df = 5. The minimum required
total sample size was 81.
Statistical analyses were performed using IBM SPSS Statistics
for Windows, Version 22.0 (Armonk, NY: IBMCorp.).
Data are presented as counts and percentages for categori-
cal variables. The Kolmogorov–Smirnov test was used to as-
sess the normality of continuous variables. Continuous vari-
ables that did not meet the assumption of normal distribu-
tion were expressed as median (minimum–maximum) val-
ues, and the Mann–Whitney U test was used to compare the
groups. Categorical variables were compared using Pearson’s
chi-square test (asymptotic significance or exact significance)
or Fisher’s exact test according to the assumptions. When
the omnibus test was significant, Bonferroni-adjusted pair-
wise comparisonswere used to determine the significantly dif-
ferent categories. The categorieswithdifferent superscript let-
ters were statistically different. A p-value <0.05 was consid-
ered statistically significant.

RESULTS
Between January 2018 and December 2024, 7834 patients
were evaluated in our pediatric pulmonary outpatient clinic,
of whom 94 (1.2%) presented with oral bleeding complaints.
Hemoptysis was diagnosed in 0.61% (n = 48) of these cases,
whereas pseudohemoptysis was identified in 0.58% (n = 46).
The median age of the 94 patients was 159 months (range:
9–243 months), with a male-to-female ratio of 1.09.
Among thepatients, 51% (n=48)was diagnosedwithhemop-
tysis and 49% (n = 46) with pseudohemoptysis. The male-to-
female ratio was 1.3 in the hemoptysis group and 0.9 in the
pseudohemoptysis group (p=0.414). Themedian agewas 159
months (range:9-243 months) in the hemoptysis group and
140 months (range:10-227 months) in the pseudohemopty-
sis group (p = 0.443).
Based on the amount of bleeding,massive hemoptysis was ob-
served in only 6.3% (n = 3) of the patients in the hemoptysis

164 https://doi.org/10.5455/annalsmedres.2025.05.130

https://doi.org/10.5455/annalsmedres.2025.05.130


Mocan Caglar and Can Oksay Original Article AnnMed Res 2026;33(4):163–171

Figure 1. Flow diagram.

Figure 2. Algorithm for diagnosis in children with hemoptysis was adapted from the literature.

group, whereas the remainder had mild to moderate hemop-
tysis. All patients in the pseudohemoptysis group exhibited
only mild to moderate bleeding (p = 0.082).

Based on bleeding patterns, bleeding accompanied by cough-
ing was observed in 89.6% (n = 43/48) of patients in the

hemoptysis group, compared with 30.4% (n = 14/46) in the
pseudohemoptysis group, with a statistically significant dif-
ference (p<0.001).

In the pseudohemoptysis group, bleeding directly from the
mouth was observed in 37% (n = 17/46) and bleeding with
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Table 1. Comparison of the demographic and clinical characteristics of patients with hemoptysis and pseudohemoptysis.

Hemoptysis (n=48) Pseudohemoptysis (n=46) p

Gender
Male, n (%) 27/48 (56.3) 22/46 (47.8) 0.414

Age (months)
Median (min-max) 159 (9-243) 140 (10-227) 0.443

n (%) n (%)

Amount of bleeding

Massive Bleeding 3 (6.3) 0 0.242
Mild/moderate Bleeding 45 (93.8) 46 (100) 0.082

Bleeding pattern

Cough 43 (89.6) 14 (30.4) <0.001
Vomiting 6 (12.5) 8 (17.4) 0.506
Epistaxis 2 (4.2) 6 (13) 0.154
Saliva 2 (4.2) 15 (32.6) <0.001
By direct mouth 5 (10.4) 17 (37) 0.002
Nausea 1 (2.1) 5 (10.9) 0.107

Sputum Examination

Coagulated appearance 11 (22.9) 7 (15.2) 0.343
Brown 2 (4.2) 7 (14.9) 0.087
From bright red to pink 29 (60.4) 15 (33.6) 0.007
Fresh blood 12 (25) 22 (47.8) 0.008

Accompanying symptoms

Weight loss 7 (14.6) 7 (15.2) 0.931
Night sweats 9 (18.8) 4 (8.7) 0.233
Fever 6 (12.5) 0 0.027
Purulent sputum 24 (50) 4 (8.7) <0.001

Pearson’s χ² test or Fisher’s exact test.

Table 2. Comparison of lung X-ray and CT findings of patients with hemoptysis and pseudohemoptysis compared to Balla (1).

Hemoptysis (n=48) Pseudohemoptysis (n=46) pn (%) n (%)

Lung X-ray <0.001

Suspicious Pathological Finding 21 (56.2) 3 (6.5)
Normal 27 (43.8) 43 (93.5)

Thoracic CT

Lung parenchyma 0.069

Normal 14 (45.1) 16 (76.2)
Consolidation/Ground Glass Opacity/air broncogram 15 (48.4) 5 (23.8)
Cavitation 2 (6.5) 0

Tracheobronchial Tree 0.049

Normal 23 (74.2)a 21 (100)b
Intraluminal Content/Soft Tissue 2 (6.5) 0
Bronchiectasis 6 (19.3) 0

Pulmonary Artery 0.506

Normal 28 (93.3) 21 (100)
Filling Defect 2 (6.7) 0
Pearson’s χ² test or Fisher’s exact test.

saliva in 32.6% (n = 15/46) of patients, which were signifi-
cantly more frequent than in the hemoptysis group (10.4%
[n = 5/48] and 4.2% [n = 2/48]), with statistically significant
differences (p=0.002 and p<0.001, respectively).

In sputum examination, a color change from bright red to
pinkwas observed in 60.4% (n=29/48) of cases in the hemop-
tysis group and fresh blood was present in 25% (n = 12/48)
of cases. In contrast, these rates were 33.6% (n = 15/46) and
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Table 3. Comparison of bronchoscopy findings.

Hemoptysis (n=18) Pseudohemoptysis (n=12) p

Flexible bronchoscopy findings <0.001

Normal 7 (38.9%) 12 (100.0%)
Pathological 11 (61.1%) 0 (0.0%)

Bleeding focus 2 (11.1)
Purulent secretion 1 (5.6)
Mucosal inflammation 2 (11.1)
Tracheal abrasion 1 (5.6)
Granulation tissue 3 (16.7)
Increased vascularity 2 (11.1)
Dilated mucous gland orifices 1 (5.6)

Fisher’s Exact Test (two-sided).

Table 4. List of etiological factors in patients with hemoptysis and pseudohemoptysis.

Patients (n: 94) Etiology n (%)

Hemoptysis (n:48) Lung Parenchymal Disease 28 (58.3)
Infections 23 (47.9)

Bronchitis 10 (21)
Pneumonia 6 (12.6)
Bronchiectasis* 4 (8.4)
Pulmonary Tuberculosis* 1 (2.1)
Actinomyces 1 (2.1)
Cist Hydatic 1 (2.1)

Cystic Fibrosis 1 (2.1)
Interstitial Lung Diseases 4 (8.4)

Pulmonary Hypertension 1 (2.1)
Pulmoner Hemosiderosis 2 (4.2)
Arteriovenosus Fistule* 1 (2.1)

Malignancy 1 (2.1)
Idiopathic 14 (29.2)
Tracheostomy 4 (8.3)
Trauma 1 (2.1)
Foreign Body Aspiration 1 (2.1)

Pseudohemoptysis (n:46) Adenoid Hypertrophy, Sinusitis 11 (24)
Idiopathic 10 (21.7)
Dental Problem 8 (17.3)
Esophagitis, Reflux 7 (15.2)
Epistaxis 4 (8.7)
Artificial 4 (8.7)
Seasonal Allergic Rhinitis 1 (2.2)
Trauma 1 (2.2)

*: 1 massive case.

47.8% (n = 22/46) in the pseudohemoptysis group.

The color change from bright red to pink was more fre-
quently observed in the hemoptysis group, whereas the pres-
ence of fresh blood was more common in the pseudohemop-
tysis group (p = 0.007 and p = 0.008, respectively).

Clotted sputum was observed in 22.9% (n = 11/48) of the
hemoptysis group and15.2% (n=7/46) of the pseudohemop-
tysis group, whereas brown sputum was noted in 4.2% (n =
2/48) and 14.9% (n = 7/46) of the patients, respectively; how-
ever, these differences were not statistically significant (p =
0.343 and p = 0.087, respectively).

Weight loss [14.5% (n = 7/48) us 15.2% (n = 7/46)] and night
sweats [18.8% (n = 9/48) us 8.7% (n = 4/46)] were observed
at similar rates in both groups (p>0.05). In contrast, fever was

more frequently observed in the hemoptysis group (12.5%; n
=6/48), aswas purulent sputumat 50% (n=24/48); these dif-
ferences were statistically significant (p=0.027 and p<0.001,
respectively) (Table 1).

Imaging
Chest radiographs of all patients were obtained. Radiographs
were normal in 56.2% (n = 27/48) of the hemoptysis group,
compared with 93.5% (n = 43/46) of the pseudohemoptysis
group. Suspicious pathological findings on chest radiographs
were observed in 43.8% (n = 21/48) of the hemoptysis group,
which was significantly higher than the 6.5% (n = 3/46) ob-
served in the pseudohemoptysis group (p<0.001).
Thoracic CT was performed in 52 patients. No statistically
significant differencewas found in lung parenchymal findings
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between the twogroups (p=0.069). In thehemoptysis group,
45.1% (n = 14/31) of the patients had normal parenchymal
appearance, whereas 76.2% (n = 16/21) in the pseudohemop-
tysis group. Parenchymal abnormalities, such as consolida-
tion, ground-glass opacities, or air bronchograms, were ob-
served in 48.4% (n = 15/31) of the hemoptysis cases and in
23.8% (n = 5/21) of the pseudohemoptysis cases. Cavitary
lesions were identified exclusively in the hemoptysis group
(6.5%) and were not detected in patients with pseudohemop-
tysis.
The tracheobronchial tree showed a statistically significant
difference between the groups (p = 0.049). Normal tra-
cheobronchial anatomy was observed in 74.2% (n = 23/31)
of patients with hemoptysis and in 100% of patients with
pseudohemoptysis (n = 21/21), representing the only cate-
gory that remained significantly different after Bonferroni-
adjusted pairwise comparisons. In the hemoptysis group, in-
traluminal content or soft-tissue density was detected in 6.5%
(n = 2/31) of patients, and bronchiectasis was present in
19.3% (n = 6/31), whereas none of these abnormalities were
identified in the pseudohemoptysis group.
Pulmonary artery evaluation revealed normal findings in
93.3% (n = 28/30) of the hemoptysis group and filling defects
in 6.7% (n = 2/30). In contrast, all patients in the pseudo-
hemoptysis group (100%, n = 21/21) had normal pulmonary
arteries. This difference was not statistically significant (p =
0.506) (Table 2).

Bronchoscopy
A total of 30 patients underwent bronchoscopy. Normal
bronchoscopy findings were observed in 38.8% (n = 7/18)
of patients in the hemoptysis group, whereas all broncho-
scopic evaluations in the pseudohemoptysis group were nor-
mal 100% (n = 12/12) (p = 0.005).
Pathological bronchoscopic findings in the hemoptysis group
included granulation tissue in 16.7% (n = 3/18), bleeding fo-
cus in 11.1% (n = 2/18), mucosal inflammation in 11.1% (n
= 2/18), increased vascularity in 11.1% (n = 2/18), tracheal
abrasion in 5.6% (n = 1/18), and purulent secretions in 5.6%
(n = 1/18). None of these findings were detected in the pseu-
dohemoptysis group (Table 3).

Etiology of bleeding
When the etiological distribution of the cases was examined,
the most common cause in the hemoptysis group (n = 48)
was pulmonary parenchymal diseases, observed in 58.3% (n =
28/48) of cases. Among the parenchymal diseases, infectious
etiologies accounted for 82% (n = 23/28). These infectious
causes included bronchitis in 21% (n = 10/48), pneumonia in
12.6% (n = 6/48), bronchiectasis in 8.4% (n = 4/48), and pul-
monary tuberculosis, actinomycosis, and hydatid cyst in 2.1%
(n = 1/48).
Among non-infectious pulmonary parenchymal etiologies,
cystic fibrosis, interstitial lung diseases, pulmonary hyper-

tension, pulmonary hemosiderosis, and arteriovenous fistula
were observed in 2.1% (n = 1/48), 8.4% (n = 4/48), 4.2% (n =
2/48), and 2.1% (n = 1/48), respectively. Additionally, malig-
nancy was detected in one patient (2.1%, n = 1/48).
No identifiable causewas found in 29.2%of cases (n = 14/48),
and these were classified as idiopathic. Other causes included
tracheostomy in 8.3% (n = 4/48), trauma in 2.1% (n = 1/48),
and foreign body aspiration in 2.1% (n = 1/48).
In the pseudohemoptysis group (n = 46), the most common
etiological cause was adenoidal hypertrophy and sinusitis, ob-
served in 24% (n = 11/46) of patients. This was followed by
idiopathic causes in 21.7% (n = 10/46), dental problems in
17.3% (n = 8/46), esophagitis and gastroesophageal reflux in
15.2% (n = 7/46), epistaxis in 8.7% (n = 4/46), artificial bleed-
ing (e.g., from oral mucosa) in 8.7% (n = 4/46), seasonal al-
lergic rhinitis in 2.2% (n = 1/46), and trauma in 2.2% (n =
1/46). No underlying pathology could be identified in 21.7%
(n = 10/46) of the patients in the pseudohemoptysis group
(Table 4).
The hemoptysis evaluation algorithm presented in Figure 2
was developed to systematically guide the clinical assessment
of children presenting with oral bleeding and has been inte-
grated into the current study to support the interpretation of
diagnostic findings.

DISCUSSION
This study highlights the diagnostic distinctions between
hemoptysis and pseudohemoptysis by comparing the clini-
cal, symptomatic, radiological, and etiological characteristics
of patients with these conditions. Among all pediatric pa-
tients evaluated, only 1.2% presented with oral bleeding, and
only 0.61% was confirmed to have true hemoptysis. Symp-
toms such as cough, fever, and purulent sputum, along with
suspicious pathological findings on chest radiographs, were
more frequently observed in the hemoptysis group. While
lower respiratory tract infections emerged as the predominant
cause in patients with hemoptysis, upper respiratory tract
pathologies/infections and factitious hemoptysis were more
commonly identified in patients with pseudohemoptysis.
Although hemoptysis is common in adults, it is a rare symp-
tom in children and can present a diagnostic challenge [1,11].
The reported incidence has shown variability due to refer-
rals to different clinics and variations in diagnostic facilities.
In our study, the proportion of patients presenting with oral
bleeding among all pediatric pulmonology outpatient visits
was found tobe1.2%,with approximatelyhalf diagnosedwith
hemoptysis and the other half with pseudohemoptysis. A
similar center with a comparable structure reported a rate of
1.8% [6].
Diagnostic and therapeutic strategies differ significantly, and
anamnesis and physical examination are crucial in the dif-
ferential diagnosis [1,6,7,11]. The presence of blood with
coughing and the appearance of bright red, frothy blood sug-
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gest hemoptysis, whereas dark red bloodmixedwith food par-
ticles and associated with vomiting is more indicative of he-
matemesis. This approach is considered the first-line investi-
gation in many diagnostic algorithms [1,13].
Studies on hemoptysis conducted in the pediatric population
typically classify and compare patients based on age groups or
the amount of bleeding (mild, moderate, or severe) [2,8]. To
the best of our knowledge, no previous study has compared
bleeding patterns, sputum characteristics, and accompanying
symptoms to differentiate hemoptysis from pseudohemopty-
sis. The importance of accurately evaluating sputum charac-
teristics and identifying the source of bleeding in the diagnosis
of pediatric hemoptysis has been emphasized. In this study,
hemoptysis was characterized by bright red blood typically
mixed with sputum, whereas pseudohemoptysis was charac-
terized by fresh, unmixed blood [1].
Similar results were found in our study, demonstrating that
the presence of bright red or pink blood, along with symp-
toms such as cough, purulent sputum, and fever, may be in-
dicative of hemoptysis.
However, it is highly likely that a portion of the bleeding ini-
tially presumed to be hemoptysis originates from the nose, in-
fected tonsils, or adenoids.
Blood from the nasopharynx can irritate the larynx, inducing
coughing and mimicking hemoptysis, a phenomenon classi-
fied as pseudohemoptysis [1,14,15]. It should also be noted
that aspiration of blood from the gastrointestinal tract can
trigger coughing, and swallowed pulmonary bloodmay be ex-
pelled through vomiting. Despite these confounding factors,
theprevalence of coughwas significantly higher in thehemop-
tysis group. These findings suggest that visual inspection of
sputum and detailed assessment of accompanying symptoms
are important tools for differentiating between hemoptysis
and pseudohemoptysis. These simple evaluation methods
may help prevent unnecessary investigations and invasive pro-
cedures in clinical practice.
In cases where a detailed physical examination and medical
history of the upper and lower airways are inconclusive, chest
radiography followed by thorax computed tomography (CT)
scan are among the initial diagnostic tools used to support
clinical evaluation [16]. In our study, the rate of chest radio-
graph use was 100%. Chest radiography serves as a useful ob-
jective tool, particularly given the challenges of physical exam-
ination and anamnesis in children, although this may appear
high.
Although >90% of chest radiographs in the pseudohemop-
tysis group were normal, 43.8% of the hemoptysis group
demonstrated pathological findings, most of which con-
sisted of alveolar infiltrates, consolidations, and ground-glass
opacities—radiological indicators of parenchymal bleeding.
When evaluating CT findings of the lung parenchyma, con-
solidation, air bronchograms, and ground-glass opacities
were the most frequently observed abnormalities in patients

with hemoptysis. These opacities may be associated with
infectious or inflammatory processes. Suspicious patho-
logical findings included alveolar infiltrates, consolidations,
bronchiectasis, interstitial opacities, nodules, and cavitary le-
sions [16].
In their studies, Bhalla and Gaude emphasized that chest ra-
diography plays a critical role in understanding the etiology
of hemoptysis; however, the need for advanced imaging is not
ruled out by normal radiographic findings [1,16]. Thoracic
CT was performed in 52 of 94 patients. Suspicious patho-
logical findings were identified in 55% of the patients in the
hemoptysis group, whereas this rate was significantly lower
in the patients in the pseudohemoptysis group (24%). Ap-
proximately half (48%) of the thoracic computed tomography
scans in the hemoptysis group revealed alveolar consolidation
or ground-glass opacities, whereas cavitary lesions were ob-
served less frequently. Nonspecific air bronchograms or con-
solidation were detected in 23% of the thoracic CT scans in
the pseudohemoptysis group.
Angiographic thoracic CT is also recommended to rule out
pulmonary vascular pathologies [16]. Angiographic thoracic
CT was performed in a small subset of patients. Interven-
tional treatment with plug placement was administered to
three patients who presented with massive hemoptysis.
The detection of bleeding focus, granulation tissue, and mu-
cosal inflammation in patients with hemoptysis underscores
the importance of bronchoscopy as a crucial diagnostic tool
[6,11]. The diagnostic yield of bronchoscopy has been re-
ported to range from40% to 100%, with particularly high sen-
sitivity in cases of bleedingdue tobronchiectasis, foreignbody
aspiration, and pulmonary infections [1,16]. Bronchoscopy
was performed in 30 out of 94 patients in our study. In
the tracheobronchial tree evaluation, findings such as gran-
ulation tissue, intraluminal contents, soft tissue masses, and
bleeding foci were more frequently identified bronchoscop-
ically in the hemoptysis group. In contrast, all patients in
the pseudohemoptysis group had a normal tracheobronchial
system. The predominantly normal bronchoscopic findings
in the pseudohemoptysis group support the notion that the
source of bleeding in these patients was not pulmonary, but
rather originated from the upper respiratory or gastrointesti-
nal tract. Consistent with literature recommendations, our
findings underscore the importance of systematically evalu-
ating the lung parenchyma, tracheobronchial tree, and pul-
monary arteries when assessing hemoptysis.
Childhood hemoptysis is mild to moderate in volume and
tends to be self-limiting in most cases [7]. In both groups,
mild to moderate bleeding was more common. However,
three of our cases involving massive bleeding episodes were
in the hemoptysis group. In one of these cases, endo-
bronchial tuberculosis was diagnosed. The patient was man-
aged solely with anti-TB therapy, and no additional treat-
ment was required despite the presence of massive hemopt-
ysis. A bronchial arteriovenous fistula was identified in the
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left bronchial artery in the second patient, and bronchial em-
bolization was performed. The third patient, who had previ-
ously undergone surgery for Kartagener syndrome and trans-
position of the great arteries, developed massive hemoptysis
and was treated with bronchial artery embolization.
Although the disease groups causing hemoptysis may vary
depending on the characteristics of the center and the avail-
ability of diagnostic tools, infections are the most commonly
reported cause of hemoptysis. In our study, the most fre-
quent causes of hemoptysis were PLDs, with infections be-
ing the leading etiology (50%), followed by idiopathic causes
(30%) and interstitial lung diseases (8.4%). Similarly, another
study conducted in a pediatric pulmonology clinic identi-
fied infections as the most common cause (47.4%), followed
by neoplasms (22.6%) and autoimmune/immune dysregula-
tion syndromes (19.1%) [12]. In a pediatric pulmonology
clinic in our country, respiratory tract infections were iden-
tified as the most common cause of hemoptysis in 69 patients
(18.8%). The causes of pseudohemoptysis in our study were
similar to those reported in the literature and included epis-
taxis, gingivostomatitis, and factitious origins [3]. In an in-
tensive care study, infection was identified as the underlying
cause in half of the 16 children diagnosed with hemoptysis
based solely on pulmonary infiltrates seen on chest radiog-
raphy, followed by bronchiectasis and idiopathic pulmonary
hemorrhage [6]. In a study involving 19pediatric patients, the
most common causes of hemoptysis were infections (28.6%)
and tracheostomy-related complications (14.3%) [11]. In a
general pediatrics clinic, among 40 children with hemoptysis
who had no history of trauma, bleeding diathesis, or malig-
nancy, infections (25%) and congenital heart diseases (17.5%)
were the most common causes [8]. Themechanism by which
infections lead to hemoptysis is associated with inflammation
of the bronchial mucosa and disruption of vascular integrity,
resulting in bleeding from the bronchial arteries [16,17]. Sim-
ilarly, bronchitis, pneumonia, and bronchiectasis were identi-
fied as the most common infectious causes of hemoptysis in
our study. Other types of infections contributing to the etiol-
ogy of hemoptysis in our cohort included tuberculosis, acti-
nomycosis, and hydatid cyst.
Upper respiratory tract-related causes, such as adenoid hy-
pertrophy, sinusitis, and dental problems, as well as facti-
tious hemoptysis, were found to bemore common in patients
with pseudohemoptysis [18]. Factitious hemoptysis has been
shown to be an important differential diagnosis in cases of
unexplained hemoptysis, particularly those with prolonged
symptoms and no identifiable underlying cause. This pos-
sibility should be considered before proceeding with unnec-
essary invasive procedures [8]. Cases of factitious hemopty-
sis associated withMunchausen syndromemay go unnoticed
for extended periods in the absence of clinical suspicion and
may be linked to child abuse [19]. In our study, factitious
causes were found tomimic hemoptysis in four patients, once
again emphasizing the critical role of detailed patient history

and physical examination. In the first case, a 14-year-old girl
was found to have induced pseudohemoptysis by biting the
oral mucosa. The second case involved an 8-year-old girl who
presented to the outpatient clinic with photos taken solely by
her mother, showing what was claimed to be blood. A re-
view of the patient’s prior medical history revealed multiple
hospital admissions for nasal and rectal bleeding, and the pe-
diatric hematology department had previously diagnosed her
with Munchausen by proxy (MBP). In the third case, a 13-
year-old girl was hospitalized for hemoptysis. She had drawn
blood through a venipuncture site and collected it in a con-
tainer, presenting it as hemoptysis material.
The fourth case was an 8-year-old boy diagnosed with hyper-
sensitivity pneumonitis and followed up for chronic cough.
Themother repeatedly brought the patient to our outpatient
clinic, claiming to have seen blood on his pillow at night and
presenting photos of the alleged blood. However, no active
bleedingwas observed during any of the hospitalizations. The
mother appeared to derive secondary gain from the situation,
and the case was reported to social services.
Despite all laboratory, radiologic, and bronchoscopic evalua-
tions, no source of bleeding could be identified in 14 patients
(29.2%), highlighting the diagnostic challenges in the follow-
up of pediatric hemoptysis. In our study, idiopathic causes
were identified in 29.2% of cases, which is consistent with the
previously reported rates of 11%–25% in pediatric cohorts [1-
3,5,7,8,11,12].
All patients presenting with complaints of oral bleeding
should be evaluated according to a hemoptysis assessment
algorithm [1]. This algorithm includes steps designed to
identify the source of bleeding and underlying pathology.
An algorithmic approach enhances patient safety by pre-
venting unnecessary interventions. The algorithm begins
with history taking and physical examination, differentiating
between finding suggestive of gastrointestinal/upper airway
sources and those indicating lower respiratory tract origin.
In cases suggestive of pseudohemoptysis or hematemesis, up-
per respiratory tract and gastrointestinal pathologies are eval-
uated. Chest radiography, thoracic CT, and further labora-
tory evaluation are recommended for suspected lower airway
causes. The algorithm also outlines subsequent steps, includ-
ing bronchoscopy, lung biopsy, and appropriatemanagement
strategies based on recurrence, specific diagnoses (e.g., tuber-
culosis, bronchiectasis, actinomycosis), or nonspecific find-
ings.

CONCLUSION
Approximately half of children with oral bleeding have true
hemoptysis. Massive hemoptysis was uncommon in our co-
hort, absent in pseudohemoptysis, and controlled medically
or with bronchial artery embolization. Lower respiratory in-
fections predominated in patientswith hemoptysis andupper
airway conditions in patients with pseudohemoptysis. Bed-
side cues (cough/purulent sputum with pink-to-bright-red
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sputum) and abnormal chest imaging favored a lower-airway
source, whereas saliva/epistaxis suggested pseudohemoptysis;
bronchoscopy was normal in all pseudohemoptysis cases and
abnormal mainly in hemoptysis, supporting the selective use
of invasive testing. A pragmatic diagnostic algorithm is also
proposed to guide triage and reduce unnecessary procedures.
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MAIN POINTS

• Pediatric head injuries account for
>80% of trauma-related deaths in
children.

• Mortality rates are higher in pa-
tients with serious injury.

• Various factors, including demo-
graphic characteristics and the na-
ture and severity of the injury, can
play a significant role in the progres-
sion of pediatric head injuries.

• Our study showed that falls were
themost frequently identified cause
of pediatric head trauma.
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ABSTRACT

Aim: Traumatic brain injury (TBI) significantly contributes to mortality and disability in children
aged 0-18 years. TBI is a potentially fatal health emergency, and when severe, children are at
high risk of mortality and neurological morbidity. Our goal is to identify the various etiologies
of head trauma in pediatric patients and provide examples of preventive measures to prevent
further trauma. Our research also highlights the socioeconomic burden of patients with TBI.
Materials and Methods: The institutional electronic health record (HBYS) was queried for all
pediatric patients admitted to the Neurosurgery Clinic in Kayseri City Hospital, diagnosed with
traumatic head injury by the neurosurgery service, and registered for discharge between Jan-
uary 2021 and June 2025. This study investigated 180 pediatric head trauma cases. Patient
nationality (Republic of Turkey or Other) and length of hospital stay (HLOS) were also used as
demographic data.
Results: The mean age was 7.2±5.32 (min-max: 0-17) years. Of the 146 children, 146 were
Turkish citizens. 15 of the children, 15 (8.3%) underwent cranial surgery, and 69 (38.3%) had a
history of intensive care admission. The mean length of hospital stay was 2.73±3.03 (min-max:
1-18) days. The most common type of head trauma in children was linear fractures due to falls
from heights and from the same level (p<0.05).
Conclusion: Implementing primary prevention strategies, preventing secondary neurological in-
juries, and collaborating with organized emergency teams can facilitate early intervention in
patients with head trauma. Thus, early diagnosis and treatment of high intracranial pressure
can reduce the adverse effects of TBI. These preventive measures can reduce morbidity and
mortality in children. This study comprehensively examines the etiology and demographic char-
acteristics of pediatric head trauma in a single center in the Central Anatolia Region.

Keywords: Traumatic head injuries, Length of hospital stay, Pediatric outcomes
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INTRODUCTION
Traumatic head injuries (THIs) represent a major global
health issue, contributing substantially to morbidity and
mortality across all age groups [1,2]. Among these, pediatric
THIs are particularly concerning, as they account for more
than 80%of trauma-related deaths [3–5]. Children’s anatom-
ical characteristics, including a larger head-to-body ratio com-
pared to adults, make them more susceptible to severe neu-
rological damage. Consequently, the developing brain tissue
within the cranial fossa is at heightened risk of significant in-
jury [6] .
Head trauma continues to represent one of the leading
sources of socioeconomic burdenworldwide from bothmed-

ical and forensic standpoints. Despite noteworthy advance-
ments achieved over time to curtail its prevalence, it contin-
ues to be a significant health concern, particularly among pe-
diatric patients. In the pediatric population, it is the third
most prevalent cause of mortality and morbidity [7]. The
pattern and severity of head injuries exhibit significant age-
dependent variation. Falls are the predominant cause of in-
jury in infants and young children, and even incidents involv-
ing similar heights can result in severe cranial trauma [8,9].
High-energy mechanisms, such as vehicle or motorcycle acci-
dents, become the primary cause of head injuries as children
mature [10]. Falling from trees is also a possible cause of head
trauma in children [11]. Linear skull fractures resulting from
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falls constitute the most frequent form of injury in this age
group. In contrast, the extent and nature of trauma deter-
mine the severity of injury in older children, with severe brain
involvement beingmore prevalent following traffic collisions,
motorcycle accidents, or major falls. Therefore, identifying
the factors that influence the severity of head trauma and their
relationshipwith critical outcomes, such as intensive care unit
(ICU) admission andmortality, is imperative. This is essential
for developing targeted approaches to improve clinical man-
agement and patient outcomes.
The Glasgow Coma Scale (GCS) is a widely used clinical
tool that enables health care professionals to assess the neu-
rological status of individuals who have suffered head trauma
[12]. Research indicates that patients with severe head in-
juries tend to have extended hospitalizations and higher rates
of intensive care unit admission [13-15]. Moreover, the mor-
tality rate is markedly higher in patients with severe injuries
than in those with mild or moderate head trauma. Sev-
eral variables—including demographic characteristics, injury
mechanism, and degree of severity—significantly influence
the prognosis of pediatric head injuries [16]. Notably, a
substantial portion of the current knowledge and published
studies on trauma and its outcomes originates predominantly
fromWestern countries, particularly North America and Eu-
rope.
Head trauma continues to be a major contributor to the
global socioeconomic burden from medical and forensic
standpoints. Despite advancements in preventive strategies
and health care interventions over the years, it remains a
prominent cause of mortality and morbidity, particularly
among children. Head trauma ranks as the third most fre-
quent cause of death and disability in the pediatric popula-
tion. Theunderlyingmechanisms andclinical severity ofhead
injuries notably differ across age groups. Falls constitute the
predominant cause of head trauma in infants and young chil-
dren, and falls from relatively low heights may lead to severe
cranial injuries in this vulnerable population.

MATERIALS ANDMETHODS

This study was conducted retrospectively following the ap-
proval of the local ethics committee of Kayseri City Hospi-
tal District on August 26, 2025, under protocol number 543.
All research procedures complied with the ethical principles
of the Declaration of Helsinki (1975) and its 1983 revision.

Study design

At Kayseri City Hospital, the institutional electronic health
record "HBYS" was queried for all pediatric patients admit-
ted to the Neurosurgery Clinic, the diagnoses of traumatic
head injury were evaluated by the neurosurgery clinic, and
discharge was documented between January 2021 and June
2025. Data from the past five years were preferred. The ret-
rospective file review was conducted with deidentified data;

therefore, institutional informed consent was not required
from patients.

Study size

In total, 180 pediatric head trauma cases were analyzed in our
study. The age range assessed during the analysis was 0-18
years. The nationality of the patients (Republic of Turkey or
Others) was also used as demographic data in the study.

Variables

Injury characteristics included the following:Mechanismof in-
jury (motor vehicle accidents include both drivers and pas-
sengers (inside and outside vehicles, motorcycle, bicycle acci-
dents), falls from heights >1 m, falls from the same level ≤1
m, assaults/accidents, and others).
Injury type: Linear skull fracture, depressed skull fracture,
brain contusion, epi-subdural hematoma, and traumatic sub-
arachnoid hemorrhage. In children withmultiple types of in-
juries, the worst head injury was considered the type of injury
during the analysis. Todiagnose head trauma, thepatients un-
derwent brain computed tomography (CT) (Figures 1 and 2).
Treatment variables included: Inpatient clinic (ward and in-
tensive care), days spent in the intensive care unit, and to-
tal hospital stay. In the analysis, surgical procedures were in-
cluded if surgical intervention was performed for any reason
in patients with head trauma. The primary outcomes were
the time of diagnosis and hospitalization.
Inclusion and exclusion criteria: We examined pediatric cases
of isolated head trauma between the ages of 0-18. Only pa-
tients followed up in the Kayseri CityHospital Neurosurgery
Service and Intensive Care were included in the study. Pa-
tients who had no pathological findings in their brain tomog-
raphy scans but were sleepy or had confusion were observed
in the emergency department for at least 8 h but were not ad-
mitted to the ward.

Statistical analysis

The obtained data were recorded and analyzed using SPSS
version 22. The descriptive statistics included frequencies,
percentages, mean values, standard deviations, median values,
and maximum and minimum (min-max) values. Statistical
analysis of categorical data included the Pearson chi-square
test, and for values below five, the Fisher exact test. Data
were checked for normal distribution using the Kolmogorov-
Smirnov test. For quantitative data, the Kruskall-Wallis test
(post-hoc Dunn test) was used for more than two indepen-
dent groups, and statistical significance was set at p<0.05.

RESULTS
Of the 180 children included in the study, 49 (27.2%) were fe-
male and 131 (72.8%) weremale. Themean age was 7.2±5.32
(min-max: 0-17) years. There were 146 Turkish citizens and
34 foreign nationals. The most common trauma mechanism
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Figure 1. A frontal fracture is observed in the axial section of the brain tomography taken after the fall of a 0-year-old female patient. B: A fracture is
observed in the right orbital roof in the axial section of the brain tomography taken after the fall of a 1-year-old male patient.

Figure 2. A 3-year-old male patient’s post-traumatic brain tomography shows a left parietooccipital subdural hemorrhage in the axial section. B: A
left temporal epidural hemorrhage in the axial section is seen in a 5-year-old male patient’s post-traumatic brain tomography.

observed in children was falls (n: 95, 52.8%). Surgical inter-
vention was performed in 15 of the children (8.3%), while 69
of them (38.3%) had a history of intensive care admission. Ta-
ble 1 presents some variables according to the type of trauma.

When some variables were examined according to the type
of trauma, no significant association was found with sex and
nationality. Children who had traffic accidents had a signifi-
cantly higher rate of intensive care visits (p<0.05). While the
most frequently identified trauma type in children involved
in motor vehicle accidents is epi-subdural hemorrhages, the
most frequently identified trauma type in children falling
from heights and the same level is linear fractures (p<0.05).
Furthermore, the frequency of surgical intervention was sig-
nificantly higher in children who had traffic accidents (Ta-
ble 1).

The mean GCS score at the time of hospitalization was

14.48±1.34 (min-max: 8-15). The mean length of hospital
staywas 2.73±3.03 (min-max: 1-18) days. Table 2 shows these
variables by type of trauma. The median age of children who
had traffic accidents was higher, and while GCS scores were
significantly lower in children who had traffic accidents, the
number of days spent in ICU was significantly higher (Ta-
ble 2).
Rebleeding in the surgical area is a commonpostoperative sur-
gical complication. In this case, a second surgical intervention
may be necessary, and intensive care follow-up may be pro-
longed.

DISCUSSION
The key findings of our study include the observation that
131 male patients received follow-up and treatment for
trauma, with falls being identified as themost prevalent cause.
A considerable proportion of cases required intensive care
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Table 1. Trauma mechanism and numerical values.

Variables

All Patients Trauma mechanism

P valueMotor Vehicle Falls from Falls from the
Accidents Heights of >1 m Same Level≤1 m
(n:38) (n:95) (n:47)

n % n % n % n %

Gender Female 49 27.2 9 23.7 30 31.6 10 21.3 0.370*Male 131 72.8 29 76.3 65 68.4 37 78.7

Nationality The Republic of Turkey 146 81.1 32 84.2 74 77.9 40 85.1 0.504*Others 34 18.9 6 15.8 21 22.1 7 14.9

Follow up Inpatient service 111 61.7 15 39.5 59 62.1 37 78.7 0.001*Neurosurgery ICU 69 38.3 23 60.5 36 37.9 10 21.3

Trauma
mechanism

Epidural-subdural
hemorrhage

30 16.7 12 31.6 15 15.8 3 6.4

<0.001**Linear fracture 99 55.0 8 21.1 61 64.2 30 63.8
Contusion 15 8.3 5 13.2 7 7.4 3 6.4
Cranial bone compression
fracture (CBF)

24 13.3 9 23.7 5 5.3 10 21.3

Subarachnoid hemorrhage 12 6.7 4 10.5 7 7.4 1 2.1

Surgery
history

Yes 15 8.3 8 21.1 5 5.3 2 4.3 0.012**No 165 91.7 30 78.9 90 94.7 45 95.7
*Pearson chi-square test, ** Fisher’s exact test.

Table 2. Distribution of age, GCS score, and length of hospital stay according to the trauma mechanism.

Variables

Trauma mechanism

P valueMotor Vehicle Falls from Falls from the
Accidents Heights of >1 m Same Level≤1 m
(n:38) (n:95) (n:47)

Meant±SD Median Meant±SD Median Meant±SD Median

Age 10.65±4.46 11a 6.94±4.98 5b 4.91±5.31 3c <0.001
Glasgow Coma Score 14.05±1.55 15a 14.62±1.08 15b 14.57±1.58 15b 0.001
Neurosurgery ICU days 4.21±3.88 3a 2.52±2.99 1b 1.97±1.71 1b <0.001
*Kruskall-Wallis test (Dunn’s test a,b,c; the difference is significant between groups that do not have the same letter on the same line).

management; specifically, 69 patients, accounting for 38.3%
of the total cohort, were admitted to the neurosurgical inten-
sive care unit. Notably, 23 of these admissions were due to
motor vehicle accidents—a remarkably high figure within the
pediatric patient population.

In our literature review, Tardif et al. conducted a retrospec-
tive, multicenter cohort study of 11,199 adult patients with
a diagnosis of TBI who were registered with the Canadian
trauma system between 2007 and 2012 [17]. Patients with
TBI reported longer than expected hospital stays and days
spent in intensive care (56% and 119%, respectively) than all
other diagnoses. This study demonstrated the importance of
considering patients with TBI as a distinct population when
making resource allocation or quality improvement plans. In
our study, the mean length of ICU stay for pediatric head
trauma patients was found to be 4.21 ± 3.88 days. In our
country, according to 2024 data values, the social security
cost of a 24-hour (one-day) intensive care unit (ICU) stay
and treatment is approximately 10,000 ₺ (300 $) according to
2024 data values.

Ninety-nine patientswere hospitalizedwith a diagnosis of lin-
ear fracture, and their hospital observation period was often
24 h (one day). Filardi et al. reviewed skull X-rays of patients
aged 2 years whowere treated formildTBI in tertiary hospital
emergency departments between 2014 and 2017 [18]. For a
TBI tobe consideredmild, itmust result from low-energyme-
chanical trauma, meaning a fall from the patient’s own height
or from less than sixty inches away, and thepatient’sGCS level
must be above “13.” Patients with linear skull fractures and
a normal computed tomography (CT) scan were observed in
the emergency department for a maximum of 24 h. Further-
more, all patients with a confirmed fracture diagnosis were
clinically followed up in outpatient neurosurgery consulta-
tions one month later.

When evaluating the imaging methods in THIs, the role of
plain craniographs in detecting injuries in minor head trau-
mas is limited, and more than half of cranial fractures are not
detected on plain craniographs. Most children with minor
head trauma present either asymptomatic or with minimal
symptoms to the emergency department. Because neurolog-
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ical examinations are particularly challenging in children un-
der 2 years of age, cranial computed tomography is the best
imaging modality of choice. Consequently, a high frequency
of cranial CT scans is performed in this age group [19].

Patients at high risk for traumatic brain injury, including
those presenting within 24 hours of acute head trauma, those
younger than 17 years of age, those with a GCS score of 13-
15, those presenting with transient loss of consciousness, am-
nesia, disorientation, more than one vomiting, and irritabil-
ity (aged 2 years and younger), were identified as high-risk.
Patients with a GCS score <15 two hours after the trauma,
suspicion of an open or depressed skull fracture, worsening
headache, and restlessness during examination are considered
high-risk. Patients with evidence of a skull base fracture, a po-
tentially dangerous trauma mechanism, or a large, soft scalp
hematoma were identified as intermediate risk [19]. Early
brain computed tomography (CT) imaging may be crucial in
patients with intermediate- and high-risk

The most frequently identified pediatric head trauma in our
study (n: 95, 52.8%) was falls, and linear fractures were the
most common type of TBI. The patients were kept under 24-
hourobservation andwere also called for follow-up at theneu-
rosurgery clinic 1 month later. In addition to the 24-hour in-
patient observation period, outpatient clinic visit fees also in-
crease the economic cost.

Hospital length of stay (HLOS) following traumatic brain
injury (TBI) is a key indicator of injury severity, associated
economic burden, and accessibility of acute post-traumatic
care services. In a study conducted by Yue et al. data from
1,638 adult patients diagnosed with acute TBI between Au-
gust 2019 andApril 2022were analyzedwithin a single-center
cohort in the United States [20]. The mean hospital stay was
7.6 days (SD: 13.3 days) and the median length of stay was
3.0 days (IQR: 2-8 days). In our study, themean hospital stay
was 2.73±3.03 days (min-max: 1-18). These variables differed
according to trauma type. Motor vehicle accidents were the
most common in the intensive care unit (38.3), while patients
who fell from the same level were admitted to the inpatient
clinic (78.7).

Many patients with TBI undergo a lengthy rehabilitation pe-
riod after severe head trauma. In theUnited States, more than
275,000 individuals with traumatic brain injury are hospital-
ized annually, with 60% of these beingmonitored in intensive
care units [21,22]. Large multicenter studies have shown that
the median HLOS for patients with TBI requiring acute care
is 7–13 days [22,17], whereas the median HLOS for severely
injured patients is 23 days [17]. In general, patients of the
same age and sex with TBI have significantly longer hospital
stays than individuals with different diagnoses.

Yue et al. estimated a higher mortality rate in patients with
longer hospital stays (22% vs. 8%). This can be explained by
the degree of TBI, other accompanying organ system injuries,
and the debilitated condition of the patient [20]. This con-

clusion is inescapable, considering that 72%of patients under-
went craniotomy/craniectomy and 33.3% underwent surgical
procedures due to multiple traumas. In our study, 8 of the
15 patients who underwent surgical procedures had been in
motor vehicle accidents, and the mean GCS score was 14.05,
which was lower than that for other causes of trauma. This
suggests a more severe TBI.

Limitations

Our study has some limitations. Our data were extracted ret-
rospectively from the institutional "HBYS" system, and the
level of detail inherent inHBYS-based studies is limited by in-
complete data entry and data entry errors. Our target popu-
lation consisted of patients with pediatric head trauma. Of
these patients, only those who were followed and treated at
a single center and only at the Neurosurgery Clinic were in-
cluded in the study. Our study awaits validation in future
large, multicenter retrospective and prospective studies.

CONCLUSION
We present a series of 180 children who were followed and
treated for pediatric head trauma. All cases were followed and
treated by the Neurosurgery Clinic according to the criteria
of our center. Educating families are crucial to prevent future
pediatric falls and tohelp the Social Security Institution allevi-
ate the financial burden. We believe that our descriptive data
will serve as a valuable example for readers.

Ethics Committee Approval: This study was approved by the
Ethics Committee of the Kayseri City Hospital (approval
number: 543; date: August 26, 2025) and in accordance with
the principles stated in the 1975HelsinkiDeclaration, revised
in 1983.

Informed Consent: The retrospective file review was conducted
with deidentified data; therefore, institutional informed con-
sent was not required from patients.

Peer-review: Externally peer-reviewed.

Conflict of Interest: There is no conflict of interest.

Author Contributions: Conception: Y.G, S.G; Design: Y.G,
S.G; Supervision: Y.G, S.G; Data Collection and/or Process-
ing: Y.G, S.G, F.P, S.B; Statistical Analysis: B.O,Writing: Y.G,
S.G.

Financial Disclosure: No financial support was obtained for this
study.

Artificial Intelligence Disclosure: In our research and main
text, no AI support was used in data collection and analysis.
Only for English language editing was support obtained from
the AI programs "Perplexity Sonar GPT-5.2 and Chat-GPT-
5.2". The authors assure that there is absolutely no artificial
intelligence contribution to the scientific data. All authors
acknowledge that AI program support was used for English
language editing.

176 https://doi.org/10.5455/annalsmedres.2025.10.294

https://doi.org/10.5455/annalsmedres.2025.10.294


Gokturk Y. et al. Original Article AnnMed Res 2026;33(4):172–177

REFERENCES
1. Alqudah Z, Nehme Z, Alrawashdeh A, Williams B, Oteir A, Smith

K. Paediatric traumatic out-of-hospital cardiac arrest: A system-
atic review and meta-analysis. Resuscitation. 2020;149:65–73. doi:
10.1016/j.resuscitation.2020.01.037.

2. WyenH, JakobH,Wutzler S, LeferingR,LaurerHL, et al. Prehospital
andEarlyClinicalCare of Infants,Children, andTeenagersCompared
to an Adult Cohort: Analysis of 2961 Children Compared to 21,435
Adult Patients from the TraumaRegistry of DGU in a 15-Year Period.
Eur J Trauma Emerg Surg. 2010;36(4):300–7. doi: 10.1007/s00068-
010-1124-4.

3. AokiM, Abe T, Saitoh D, Oshima K. Epidemiology. Patterns of treat-
ment andmortality of patientswith pediatric trauma in Japan. SciRep.
2019;9(1):917. doi: 10.1038/s41598-018-37579-3.

4. Bayreuther J, Maconochie I. The evidenced-based care be-
hind the early management of head injured children. Trauma.
2008;10(2):85–92. doi: 10.1177/1460408608088770.

5. Pennington N. Head injuries in children. J Sch Nurs.
2010;26(1):26–32. doi: 10.1177/1059840509341881.

6. Bayreuther J, Wagener S, Woodford M, Edwards A, Lecky F, et
al. Pediatric trauma: Injury pattern and mortality in the United
Kingdom. Arch Dis Child Educ Pract Ed. 2009;94(2):37–41. doi:
10.1136/adc.2007.132787.

7. Şahin S, Doğan Ş, Aksoy K. Çocukluk çağı kafa travmaları. Uludağ
Üniversitesi Tıp Fakültesi Dergisi. 2000;28(2):45-51.

8. Falk AC, Klang B, Paavonen EJ, von Wendt L. Current incidence
and management of children with traumatic head injuries: The
Stockholm experience. Dev Neurorehabil. 2007;10(1):49–55. doi:
10.1080/13638490600864066.

9. Hyder AA, Sugerman D, Ameratunga S, Callaghan JA. Falls among
children in the developing world: a gap in child health burden esti-
mations? Acta Paediatr. 2007;96(10):1394–8. doi: 10.1111/j.1651-
2227.2007.00419.x.

10. Araki T, YokotaH,Morita A. Pediatric Traumatic Brain Injury: Char-
acteristic Features, Diagnosis, and Management. Neurol Med Chir
(Tokyo). 2017;57(2):82–93. doi: 10.2176/nmc.ra.2016-0191.

11. Taçyıldız A E, Çekmen B, Uzun A, Çiftçi TC, Uzuncu, HB, et
al. A retrospective analysis of spinal and cranial injury patterns
caused by a fall from a tree in the Karabük province. Neurosurgery.
2022;30:101628. doi: 10.1016/j.inat.2022.101628.

12. ZuercherM,UmmenhoferW,BaltussenA,Walder B.The use ofGlas-

gow Coma Scale in injury assessment: a critical review. Brain Inj.
2009;23(5):371–84. doi: 10.1080/02699050902926267.

13. Stevenson M, Segui-Gomez M, Lescohier I, Di Scala C, McDonald-
Smith G. An overview of the injury severity score and the new injury
severity score. Inj Prev. 2001;7(1):10–3. doi: 10.1136/ip.7.1.10.

14. Alghnam S, Towhari JA, Al Babtain I, Al Nahdi M, Aldebasi MH, et
al. The associations between injury mechanism and extended hospi-
tal stay among pediatric patients: findings from a trauma Center in
Saudi Arabia. BMC Pediatr. 2019;19(1):177. doi: 10.1186/s12887-
019-1559-7.

15. Huang YT, Huang YH, Hsieh CH, Li CJ, Chiu IM. Comparison
of Injury Severity Score, Glasgow Coma Scale, and Revised Trauma
Score in Predicting the Mortality and Prolonged ICU Stay of Trau-
matic YoungChildren: ACross-sectional Retrospective Study.Emerg
Med Int. 2019;2019:5453624. doi: 10.1155/2019/5453624.

16. Vlaam GK-d, Mulder HD, Dijkstra SK, Burgerhof JGM, Kney-
ber MCJ. Characteristics and outcomes of critically ill children
with moderate-to-severe traumatic brain injury. Intensive Care Med–
Pediatr Neonatal. 2024;2(1):e00033-6. doi: 10.1007/s44253-024-
00033-6.

17. Tardif PA, Moore L, Boutin A, Dufresne P, Omar M, et al. Hos-
pital length of stay following admission for traumatic brain in-
jury in a Canadian integrated trauma system: a retrospective mul-
ticenter cohort study. Injury. 2017;48(1):94-100. doi: 10.1016/j.in-
jury.2016.10.042.

18. Filardi AM, Serrano FM, Salvado RL, Canuto DV, Domingo
JA, Jurado Portero JC. Linear skull fracture in infants after mild
traumatic brain injury: Influence of computed tomography in
management. Radiologia (Engl Ed). 2020;62(6):487-492. doi:
10.1016/j.rx.2020.04.005.

19. Durak F. Indications for brain computed tomography in patients
with pediatric head trauma. 21.Mersin Pediatri Günleri Bildiri Kitabı.
Mersin Univ Saglık Bilim Derg. 2022;15(Özel Sayı-1): 67-72.

20. Yue JK, KrishnanN, Chyall L, HaddadAF, Vega P, et al. Predictors of
ExtremeHospital Length of Stay after Traumatic Brain Injury.World
Neurosurg. 2022;167:e998-e1005. doi: 10.1016/j.wneu.2022.08.122.

21. Faul M, Coronado V. The epidemiology of traumatic brain in-
jury. Handb Clin Neurol. 2015;127:3-13. doi: 10.1016/B978-0-444-
52892-6.00001-5.

22. Levant S, Chari K, DeFrances C. National Hospital Care Survey
Demonstration Projects: Traumatic Brain Injury. Natl Health Stat
Report. 2016;97: 1-16. PMID: 27483022.

177 https://doi.org/10.5455/annalsmedres.2025.10.294

https://doi.org/10.1016/j.resuscitation.2020.01.037
https://doi.org/10.1007/s00068-010-1124-4
https://doi.org/10.1007/s00068-010-1124-4
https://doi.org/10.1038/s41598-018-37579-3
https://doi.org/10.1177/1460408608088770
https://doi.org/10.1177/1059840509341881
https://doi.org/10.1136/adc.2007.132787
https://doi.org/10.1080/13638490600864066
https://doi.org/10.1111/j.1651-2227.2007.00419.x
https://doi.org/10.1111/j.1651-2227.2007.00419.x
https://doi.org/10.2176/nmc.ra.2016-0191
https://doi.org/10.1016/j.inat.2022.101628
https://doi.org/10.1080/02699050902926267
https://doi.org/10.1136/ip.7.1.10
https://doi.org/10.1186/s12887-019-1559-7.
https://doi.org/10.1186/s12887-019-1559-7.
https://doi.org/10.1155/2019/5453624
https://doi.org/10.1007/s44253-024-00033-6
https://doi.org/10.1007/s44253-024-00033-6
https://doi.org/10.1016/j.injury.2016.10.042
https://doi.org/10.1016/j.injury.2016.10.042
https://doi.org/10.1016/j.rx.2020.04.005
https://doi.org/10.1016/j.wneu.2022.08.122
https://doi.org/10.1016/B978-0-444-52892-6.00001-5
https://doi.org/10.1016/B978-0-444-52892-6.00001-5
https://pubmed.ncbi.nlm.nih.gov/27483022
https://doi.org/10.5455/annalsmedres.2025.10.294


Original Article AnnMed Res 2026;33(4):178–184

Current issue list available at AnnMed Res

Annals of Medical Research
journal page: annalsmedres.org

E-ISSN: 2636-7688

ANNALS OF

MEDICAL RESEARCH
The Official Journal of the Inonu University Faculty of Medicine

Original Articles

february 2026
volume 33

ıssue 4

• In vitro effects of sertraline and escitalopram on rat uterine smooth muscle

The role of transarterial embolization in the management of hepatic hemangiomas: A retrospective analysis

               Oksuz and Ayar

•

       Yavas et al..

• Assessment of potentially pathogenic bacteria isolated from mobile phones of preclinical and hospital-based
medical students and healthcare workers

A concerning condition in childhood: Hemoptysis or pseudohemoptysis?

Altunisik Toplu et al.

•

       Mocan Caglar and Can Oksay

• Demographic characteristics of traumatic head injuries in pediatric patients: A single-center neuorsurgery clinic study

Belinostat in relapsed/refractory peripheral T-cell lymphoma: A real-world multicenter experience

Gokturk et al.

Yigit Kaya et al.
•

Analyses of human papillomavirus genotypes in cervical cancer patients using real-time PCR•

       Ozturk et al.

Belinostat in relapsed/refractory peripheral T-cell lymphoma: A real-world
multicenter experience
Sureyya Yigit Kayaa, ,∗, Gulsah Akyolb, , Esra Yildizhanc, , Serhat Celikd, ,
Huseyin Saffet Bekoza, , Senem Marala, , Omur Gokmen Sevindike, , Leylagul Kaynara,
aIstanbul Medipol University, Faculty of Medicine, Department of Hematology, Istanbul, Türkiye
bErciyes University, Faculty of Medicine, Department of Hematology, Kayseri, Türkiye
cKayseri City Hospital, Clinic of of Hematology, Kayseri, Türkiye
dAnkara Yıldırım Beyazıt University, Yenimahalle Training and Research Hospital, Department of Hematology, Ankara, Türkiye
eDemiroglu Bilim University, Faculty of Medicine, Department of Hematology, Istanbul, Türkiye
*Corresponding author: sureyyayigitkaya@hotmail.com (Sureyya Yigit Kaya)

MAIN POINTS

• Belinostat demonstrated clinical
benefit in a subset of heavily
pretreated R/R PTCL patients, with
two achieving CR.

• Treatment was well tolerated with
no dose reductions or discontinua-
tions due to adverse events.

• This multicenter real-world analy-
sis provides valuable evidence sup-
porting the role of belinostat as
a salvage option in advanced R/R
PTCL.
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ABSTRACT

Aim: Peripheral T-cell lymphoma (PTCL) is a rare and aggressive subtype of non-Hodgkin lym-
phoma with limited treatment options, particularly in relapsed/refractory (R/R) cases. Belino-
stat, a pan-histone deacetylase inhibitor, has emerged as a potential therapeutic agent in this
setting.
Materials and Methods: This retrospective study analyzed nine patients with relapsed/refrac-
tory PTCL treatedwith belinostat across three centers between 2018 and 2025. Clinical data and
treatment outcomes were collected, and responses were evaluated using the Lugano criteria.
Overall survival and progression-free survival were calculated with the Kaplan--Meier method.
Results: Of the nine R/R PTCL patients treated with belinostat, two (22.2%) achieved complete
remission (CR), one (11.1%) experienced stable disease, four (44.4%) developed progressive
disease and two (22.2%) died from lymphoma progression before the second cycle could be
administered. Notably, one patient maintained a prolonged CR through 14 belinostat cycles,
while another continued to use belinostat as a bridge to allogeneic stem cell transplantation
and as maintenance after allogeneic transplantation. Belinostat was generally well tolerated,
and no treatment discontinuations or dose reductions were required due to adverse events.
Conclusion: Although these real-world findings suggest that belinostat may provide meaning-
ful clinical benefit in a subset of heavily pretreated R/R PTCL patients, the high rate of early
progression emphasizes the need for improved patient selection and prospective validation in
larger studies.

Keywords: Peripheral T-cell lymphoma, Relapsed/refractory, Histone deacetylase
inhibitors, Belinostat
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INTRODUCTION
Peripheral T-cell lymphoma (PTCL) is a type of non-
Hodgkin lymphoma that arises from post-thymic T cells
and is marked by significant heterogeneity. Clinically, PT-
CLs often exhibit an aggressive clinical course and are asso-
ciated with poor outcomes [1,2]. According to the 5th edi-
tion of the classification of World Health Organization of
hematolymphoid tumors, PTCL is categorized within ma-
ture T- and NK-cell neoplasms and encompasses several sub-
types, each displaying distinct and complex clinicopatho-

logical features. Common subtypes of PTCL include not
otherwise specified (PTCL-NOS), nodal T follicular helper
(TFH) cell lymphoma-angioimmunoblasticT-cell lymphoma
(AITL) and anaplastic large cell lymphoma (ALCL) [2]. De-
spite ongoing research, PTCL therapy remains challenging
due to the limited number of available treatment options
and their modest efficacy. In recent years, histone deacetylase
(HDAC) inhibitors have emerged as novel epigenetic thera-
peutic agents for both newly diagnosed and relapsed/refrac-
tory (R/R)PTCLcases. Their complexmechanismsof action
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include inducing cell cycle arrest and apoptosis, promoting
cellular differentiation, inhibiting angiogenesis, andmodulat-
ing cytokine signaling [3,4]. By targeting key pathways under-
lying the molecular complexity of PTCL, HDAC inhibitors
offer a comprehensive approach to suppressing tumor growth
and progression [5]. Belinostat is a hydroxamic acid–derived
pan-HDACinhibitor that broadly inhibits all zinc-dependent
HDAC enzymes, exhibiting high affinity for class I, II, and IV
HDACs [6,7]. In recent years, studies have been conducted to
evaluate the safety and therapeutic outcomes of HDAC in-
hibitor monotherapy or its combination with conventional
regimens in patients with untreated or R/R PTCL [7–9].
However, real-world data the use of these agents remain lim-
ited. In this study we present data from nine R/R PTCL pa-
tients who received belinostat treatment at different centers.
These real-world data may provide valuable insights into the
patient population receiving advanced-line therapies, which
remains underrepresented in clinical trials.

MATERIALS ANDMETHODS
Study design and patient selection
This retrospective, multicenter study included nine patients
with R/R PTCL. Eligible patients had a histologically con-
firmed diagnosis of PTCL and received belinostat therapy
between 2018 and 2025 at one of the participating cen-
ters. Patients with incomplete clinical data or missing follow-
up information were excluded from the analysis. Demo-
graphic data, prior therapies, bone marrow transplantation
history, disease progression status and belinostat outcomes
were systematically recorded using a standardized data collec-
tion form.
This studywas conducted in accordancewith theDeclaration
ofHelsinki andGoodClinical Practice guidelines. Ethical ap-
proval was obtained from IstanbulMedipol University Ethics
Committee (Date: 22-05-2025, Number: 580).

Response evaluation
Radiologic assessments were conducted at each participat-
ing center using computed tomography (CT), magnetic res-
onance imaging (MRI), or positron emission tomography–
computed tomography (PET) scans, as clinically indicated.
Treatment response was evaluated according to the Lugano
criteria. Patients underwent PET-CT scanning to assess re-
sponse after two belinostat cycles and the results were classi-
fied as complete remission (CR), partial remission (PR), sta-
ble disease (SD) or progressive disease (PD). Adverse events
were graded based on the Common Terminology Criteria for
Adverse Events (CTCAE) version 5.0.

Statistical analysis
All calculations were performed using descriptive statistics.
Continuous variables are presented as medians (range), while
categorical variables are expressed as counts (n) and percent-
ages (%). No further comparative analyses were performed

due to the limited sample size. Overall survival (OS) was de-
fined as the time from the date of first belinostat administra-
tion to the date of death from any cause. Patients who re-
mained alive at the time of data cutoff were censored at their
last known date alive. Progression-free survival (PFS) was de-
fined as the time from first belinostat administration to the
date of either documented disease progression or death from
any cause, whichever occurred first. Patients without PD or
death by the data cutoff were censored at the date of their last
tumor assessment. In addition, if a patient initiated a subse-
quent anticancer therapy prior to experiencing PD or death,
they were censored at the date of their final tumor evaluation.
OS and PFSwere estimated using the Kaplan–Meiermethod.
Statistical analysis was performed using Statistical Package of
Social Science (SPSS Inc., Chicago, IL), version 22.0 forWin-
dows.

RESULTS
A total of nine patients with R/R PTCL were included in
this study. The median age at the time of belinostat initia-

Figure 1. The median OS was 6.8 months (95% CI, 3.9 to 9.6).

Figure 2. The median PFS was 3.4 months (95% CI, 0.8 to 5.6).
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Table 1. Patient demographics, previous treatments, and clinical outcomes.

Patient Age/ Sex Stage PTCL ECOG Comorbidity Previous Treatments Clinical Outcomes
Subgroup (response) and Complications

1 65/F 4 PTCL, NOS 1 HTN, DM 3xCHOP (SD) No AE, Alive
(bone involvement) 2xICE + RT (PR)

2xBelinostat (PD)
2xGEMOX (PD)
1xPralatrexate

(Ongoing treatment)

2 52/F 4 (bone and ALCL, ALK- 1 No comorbidity 6xBV-CHP (CR), No AE, Alive
skin involvement) BEAM-ASCT (CR)

External beam radiation therapy +
MTX + 6-MP (CR)
2xBV-ICE (CR)

3xBelinostat + RT (CR)
Allo-SCT (CR) +

Maintenance Belinostat

3 70/M 3 PTCL, NOS 1 HTN 4xCHOEP (PD) No AE,
2xBV-Bendamustine (PD) Exitus because of

1xBelinostat (NE) lymphoma progression

4 78/M 4 (bone and ALCL, ALK- 1 CHD 6xCHOP (SD) No AE,
skin involvement) 6xBV-Bendamustine (SD) Exitus because of

2xGEMOX (PD) lymphoma progression
2xBelinostat (PD)

RT

5 56/F 3 PTCL, NOS 1 No comorbidity 5xCHOP (CR) No AE, Alive
1xICE (PD)

1xGEMOX (PD)
2xBelinostat (PD)

1xPralatrexate (Ongoing treatment)
+ IT chemotherapy

(ARA-C +
Methotrexate + Hydrocortisone)

6 62/M 4 PTCL, NOS 1 No comorbidity 6xCHOP (CR), No AE,
BEAM-ASCT (CR) Exitus because of

(gastric involvement) 6xBV-GDP (CR) lymphoma progression
Allo-SCT (PD)

4xBelinostat (SD)
2xRomidepsin (PD)

7 59/M 3 Nodal TFH 1 DM 6xCHOP (CR) No AE, Alive
(splenic involvement) cell lymphoma, 2xDHAP (SD)

follicular type 14xBelinostat (CR)

8 71/F 4 (lung and PTCL, NOS 2 CHD, AF, Interferon (2 years) +RT (CR) No AE,
pleural involvement) Depression 4x CHOP (PD) Exitus because of

1xBelinostat (NE) lymphoma progression

9 78/F 3 AITL 2 HTN, DM 6xCHOP (CR) No AE,
8x Gemsitabine + Exitus because of
Vinorelbine (CR)
2xBelinostat (PD) lymphoma progression

11xLenalidomid (PD)
Abbreviations: M, male; F, female; ALCL, anaplastic large cell lymphoma; TFH, T-follicular helper; PTCL-NOS, peripheral T-cell lymphoma, not otherwise specified;
AITL, angioimmunoblastic T-cell lymphoma; ECOG, Eastern Cooperative Oncology Group; HTN, hypertension; DM, diabetes mellitus; CHD, coronary heart disease;
AF, atrial fibrillation; AE, adverse event; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; NE, not evaluable; CHOP,
cyclophosphamide, doxorubicin, vincristine, prednisolone; BV-CHP, brentuximab vedotin, cyclophosphamide, doxorubicin, prednisolone; ICE, ifosfamide, carboplatin,
etoposide; BEAM, carmustine, etoposide, cytarabine, melphalan; RT, radiotherapy; DHAP, dexamethasone, cytarabine, cisplatin; BV-GDP, brentuximab vedotin,
gemcitabine, dexamethasone, cisplatin; GEMOX, gemcitabine, oxaliplatin; CHOEP, cyclophosphamide, doxorubicin, etoposide, vincristine, prednisolone; allo-SCT,
allogeneic stem cell transplantation; ASCT, autologous stem cell transplantation.

tion was 65 years (range, 52 - 78). Four patients were male
and fivewere female. PTCL subtypes consisted of five PTCL-
NOS, two ALCL, one nodal TFH cell lymphoma follicular-
type and one AITL. At the time of diagnosis, five patients

were stage IV and four were stage III. According to the In-
ternational Prognostic Index score, 2 patients had a score of
1, 4 had a score of 2, 2 had a score of 3, and 1 had a score of 4.
Twopatients hadB symptoms at the timeofdiagnosis (Patient
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5, 8) and an Eastern Cooperative Oncology Group (ECOG)
performance status of 1, except for two patients (both ECOG
2). EBV positivity was not detected in any of the patients by
in situ hybridization. Patient demographics, clinical charac-
teristics, treatment courses, and responses are summarized in
Table 1.
One patient (Patient 7) had splenic involvement. Five patients
(Patients 1, 2, 4, 6, 8) had extranodal diseases in one or more
lung, pleura, bone, skin or gastric sites at diagnosis. None of
the patients had bone marrow involvement.
All patients had received multiple prior therapies (median
three lines; range: 3-4 lines) before belinostat, includ-
ing CHOP (cyclophosphamide, doxorubicin, vincristine,
prednisolone)-based chemotherapy, gemcitabine-based com-
binations (e.g., GEMOX [gemcitabine, oxaliplatin] and
BV-GDP [brentuximab vedotin, gemcitabine, dexametha-
sone, cisplatin]), bendamustine-based regimens, or high-dose
chemotherapy with stem cell transplantation. Despite these
intensive approaches, patients were considered either relapsed
or refractory at the time of belinostat initiation.
Of the nine patients, two (Patients 2, 6) underwent autolo-
gous stem cell transplantation (ASCT). Two additional pa-
tients (Patients 1, 5) achieved successful stemcellmobilization
but were ultimately unable to proceed with ASCTdue to dis-
ease progression or inadequate response. The remaining pa-
tients were deemed ineligible for transplantation. Among the
two patients who had undergone ASCT, disease relapse re-
quired allogeneic stem cell transplantation (allo-SCT). In one
case (Patient 2), belinostat served as bridging therapy prior to
allo-SCT, whereas in the other (Patient 6) it was administered
post-allo-SCT following relapse.

Belinostat treatment and response

Belinostat was administered off-label in accordance with na-
tional regulations, as a monotherapy at a dose of 1000mg/m²
once daily on days 1–5 of a 21-day cycle. Of the nine R/R
PTCL patients treated with belinostat, two (22.2%) achieved
CR, one (11.1%) had SD, four (44.4%) developedPDand two
(22.2%) died from lymphoma progression before a second cy-
cle could be administered. The number of belinostat cycles
ranged from 1 to 14 across the cohort. All patients were fol-
lowed for a median of 37 months (range, 8-74 months). Re-
sponse evaluations were performed using the Lugano criteria,
primarily with PET-CT imaging after two cycles or earlier if
clinically indicated. Among the nine patients, two achieved
CR, one had SD, four showed PD, and two were not evalu-
able.

Complete remission

Two patients achieved CR (22.2%). One patient (Patient 2,
ALCL, ALK-negative) achieved a complete response in all
bone, skin, and nodal lesions following two cycles of belino-
stat. However, a new extramedullary lesion emerged in the

right 7th costa. Radiotherapy was initiated for this lesion, and
the third cycle of belinostat was administered concurrently.
The patient achieved a complete response by the end of all
treatment courses. Subsequently, she underwent allogeneic
stem cell transplantation and remained alive and disease-free
at the last follow-up. She is currently in the seventh month
post-transplant and continues to receive belinostat as mainte-
nance therapy. Another patient (Patient 7, nodal TFH lym-
phoma follicular type) experienced a prolonged CR after 14
cycles of belinostat and is also alive without progression.

Stable disease

One patient (Patient 6, PTCL-NOS; 11.1%) reached SD after
four cycles. However, subsequent therapy with romidepsin
wasunsuccessful and thepatientultimately succumbed todis-
ease progression.

Progressive disease

Four patients (Patients 1, 4, 5, 9; 44.4%) showed PD at the
time of reassessment (after two cycles) or shortly thereafter.
Two of these individuals (Patients 4, 9) died due to rapid dis-
ease progression, while the other two continued further lines
of therapies (GEMOX and/or pralatrexate) with varying out-
comes; both remain alive at data cutoff. Notably, response
assessments conducted after two cycles of belinostat therapy
revealed disease progression in extranodal sites that were not
initially involved at the initiation of treatment. Specifically,
Patient 1 exhibited bone marrow involvement, Patient 4 de-
veloped cutaneous involvement and Patient 5 demonstrated
cerebrospinal fluid involvement.

Not evaluable

Twopatients (Patients 3, 8; 22.2%) could not be formally eval-
uated for response, as both received only one cycle of belino-
stat and died from lymphoma progression before a follow-up
assessment could be completed.

Survival and safety
ThemedianOSwas 6.8months (95%CI, 3.9 to 9.6; Figure 1).
At last follow-up, 4 (Patients 1, 2, 5, 7) of the 9 patients (44%)
were alive, and 2 of these continued belinostat therapy. Five
patients (Patients 3, 4, 6, 8, 9) died from PTCL progression.
The median PFS was 3.4 months (95% CI, 0.8 to 5.6; Figure
2). The six-month PFS rate, defined as the proportion of pa-
tients survivingwithout progression, was 25%. Nopatient ex-
perienced grade 3-4 adverse events related to belinostat, and
there were no treatment discontinuations or dose reductions
due to toxicity. All patients tolerated belinostat without re-
quiring hospitalization for toxicity management.

DISCUSSION
PTCL poses a major therapeutic challenge due to its lim-
ited treatment options and poor responses to conventional
chemotherapy, particularly in the R/R setting [10–12].
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HDACs have recently gained attention as novel epigenetic
targets in PTCL, as dysregulated acetylation and deacetyla-
tion processes can drive genomic instability and aberrant gene
expression in this disease [5]. While salvage chemotherapy
andASCT remain standard approaches forR/RPTCL, their
limited effectiveness highlights the continuous need for novel
therapeutic approaches. First-line treatment for PTCL typ-
ically involves combination chemotherapy, most frequently
the CHOP regimen or a CHOP-like protocol [13].
Promising findings were reported from a Phase I, single-
arm trial evaluating belinostat combined with CHOP (Bel-
CHOP) in newly diagnosed PTCL, yielding a 71% complete
response rate and an 86%overall response rate (ORR) [8]. Al-
though patients did not undergo consolidation with ASCT,
the regimen was well tolerated, suggesting that earlier incor-
poration of HDAC inhibitors may confer clinical benefit for
selected patient populations [8]. In the R/R setting, out-
comes remaindismal; a retrospective analysis reportedmedian
PFS and OS of only 3.1 months and 5.5 months, respectively
[12]. Against this setting, belinostat has shown promise, with
the pivotal phase II BELIEF study leading to its accelerated
FDA approval forR/RPTCL [7]. In that landmark trial, 120
evaluable patients achieved anORRof 26% (CR, 11%), with
a median duration of response of 13.6 months [7]. A later
multicenter phase II study also confirmed the activity of beli-
nostat inPTCLand cutaneousT-cell lymphoma (CTCL)but
with somewhat lower response rates and shorter durations of
response [14]. Overall, these observations suggest that beli-
nostat may have clinical utility with an acceptable tolerability
profile characterized mainly by grade 3–4 cytopenias.
While initial clinical trials have provided preliminary insights
into efficacy of belinostat and safety, real-world data remain
limited. The experience in the small, published Turkish co-
hort of 10 patients with R/R PTCL reported by Akdeniz et
al. [15] reported a 50% objective response rate, with only one
case of grade 3 neutropenia. More recently, the large-scale
BELBRA study, conducted across 90 Brazilian lymphoma
centers, examined belinostat in R/R PTCL and presented in-
terim findings for 97 patients: an ORR of 45%, SD in 10%,
and disease progression in 45% [9]. Notably, belinostat was
generally well tolerated over an average of five treatment cy-
cles, underscoring its potential as a salvage therapy for patients
who have failed prior treatments [9].
Our own retrospective analysis included nine patients with
R/R PTCL treated at three institutions, covering a spectrum
ofhistopathological subtypes. All had advanceddisease (Stage
III–IV) and significant comorbidities. which limited their
eligibility for transplantation. Despite these challenges, be-
linostat was administered as a third- to fifth-line treatment.
According to national regulations, belinostat has not been
approved as an early-line therapy and can only be used off-
label in patients who have failed multiple prior treatments.
Therefore, in our cohort, belinostat was administered in later
lines of therapy. This reflects restrictions imposed by na-

tional health insurance coverage rather than physician pref-
erence. None of the patients experienced notable adverse
events. Two patients (22.2%) achieved CR, including one
who proceeded to allo-SCT and remains disease-free, and an-
other who has sustained remission for 14months on ongoing
belinostat monotherapy. Four patients (44.4%) experienced
disease progression by or soon after their second cycle, necessi-
tating other salvage therapies; two subsequently died. An ad-
ditional two patients received only a single cycle of belinostat
and died from progression before response assessment. One
patient achieved SD after four cycles but later succumbed to
progression despite switching to another HDAC inhibitor.
The median OS was 6.8 months and the median PFS was 3.4
months. The six-month PFS rate, defined as the proportion
of patients surviving without progression, was 25%.

Another observation that was notable in our cases was the
emergence of new extranodal involvement in four patients
during belinostat treatment, despite positive responses in pre-
existing nodal and extranodal lesions. We found no data on
this topic in the literature. In general, these results reflect
the aggressive nature of PTCL in an elderly and comorbid
population and are consistent with previous literature indi-
cating that belinostatmay provide durable remission in a sub-
groupof patients but that early relapse is observed inmanypa-
tients. There are primary or acquired resistance mechanisms
to HDAC inhibitors. These mechanisms have been char-
acterised in lymphoma models and may contribute to early
progression. Resistance mechanisms include: reactivation
of survival pathways such as PI3K/AKT and NF-κB, inade-
quate reprogramming due to epigenetic plasticity, increased
anti-apoptotic signal transduction, and drug efflux via P-
glycoprotein (ABCB1) [16,17]. Various combination strate-
gies are being investigated to overcome resistance. In partic-
ular, the combination of HDAC inhibitors with hypomethy-
lating agents (e.g., azacitidine + romidepsin) has been shown
to achieve high response rates in TFH phenotypes in clinical
trials and real-world data [18,19].

Impressively, none of our patients experienced serious adverse
events or required therapy discontinuation due to toxicity,
consistent with the safety profile observed in previous studies
[7,9]. This finding is encouraging, although the small cohort
size and retrospective data collection prevent definitive con-
clusions regarding tolerability.

Going forward, further research is needed to optimase the
use of belinostat in PTCL. Exploring combination therapies
-such as frontline Bel-CHOP or pairing belinostat with im-
munotherapies or other targeted agents- may offer improved
effectiveness. Prospective multicenter or registry-based stud-
ies with larger sample sizes are essential to clarify belinostat’s
long-term safety, durability of response, and its most appro-
priate place in the treatment plan for both newly diagnosed
and R/R PTCL.
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Limitations
Our findings should be interpreted with caution for several
reasons. First and foremost the small sample size which limits
statistical power and the capability to generalize the results.
Second, the retrospective nature of our data gathering may
introduce selection bias, given that each patient’s treatment
was at the discretion of their physician in everyday clinical
practice. Third differences in follow-up intervals between the
three centers, and two patients died before formal response
evaluation, could potentially result in some outcomes being
underestimated ormissed. Lastly, the heterogeneity of PTCL
subtypes and prior therapies, and the advanced stage of dis-
ease inmost patients, may complicate direct comparison with
clinical trial populations.

CONCLUSION
In summary, the findings from our study underscore poten-
tial of belinostat inducing durable responses in a subset of
heavily pretreated R/R PTCL patients. However, the small
sample size and retrospective design emphasize the need for
larger prospective trials to validate efficacy and optimize pa-
tient selection.
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MAIN POINTS

• HPV 16, 18, and 45 were identified
as the most frequent genotypes in
cervical cancer cases in Gaziantep.

• The relatively high prevalence of
HPV 45 appears to be a distinctive
regional feature compared with na-
tional and international reports.

• Regional HPV genotyping provides
valuable epidemiological data for
tailoring vaccination strategies and
clinical management.

• The nonavalent HPV vaccine, cover-
ing the most prevalent types found
in this study, should be considered
the most effective option for pre-
venting cervical cancer in this pop-
ulation.
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ABSTRACT

Aim: The aim of this study was to identify the most prevalent Human Papillomavirus (HPV)
genotypes associated with cervical cancer in Gaziantep and to determine the most appropriate
HPV vaccine for individuals who have not yet been infected.
Materials and Methods: This retrospective cross-sectional study included 74 patients diag-
nosed with cervical cancer at Gaziantep University Faculty of Medicine between December
2005 and June 2019. Formalin-fixed paraffin-embedded tissue samples were retrieved from
the pathology archives. HPV DNA was extracted and genotyping of 14 high-risk HPV types was
carried out by real-time PCR.
Results: All patients were histopathologically diagnosed with squamous cell carcinoma. Single
HPV type infection was detected in six patients (8.2%) (HPV 16 in five, HPV 56 in one), whereas
multiple infections were observed in 68 patients (91.8%). Among these, HPV 16 was identified in
100% of cases, HPV 45 in 82%, HPV 18 in 45%, HPV 56 in 19%, and HPV 33 in 16%. Overall, HPV
16, 45, and 18 genotypes emerged as the most frequent types contributing to cervical cancer in
this region.
Conclusion: Given the genotypes identified in this study, the nonavalent HPV vaccine (9-valent;
HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58) appears to be the most suitable option for our
population. However, due to its limited availability in Turkey, the quadrivalent HPV vaccine (4-
valent; HPV types 6, 11, 16, and 18), which may provide partial cross-protection against HPV 45,
could serve as a reasonable alternative.

Keywords: Human papillomavirus, HPV vaccine, Cervical cancer, Genotype, Real-time PCR
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INTRODUCTION
Cervical cancer is the fourth most frequently diagnosed ma-
lignancy and the fourth leading cause of cancer-related mor-
tality among women worldwide, with an estimated 604,000
new cases and 342,000 deaths reported in 2020. The dis-
ease remains a significant global health burden, particularly
in sub-SaharanAfrica,Melanesia, SouthAmerica, and South-
EasternAsia, where it ranks as either themost common or the
most fatal malignancy among women. Conversely, incidence

and mortality rates are 7–10 times lower in high-income re-
gions, such as North America and Western Asia. These ge-
ographic disparities primarily reflect inequities in access to
screening and vaccination programs, as the vast majority of
deaths occur in countries with limited resources and inade-
quate preventive strategies [1].

According to 2015 statistics from the Turkish Ministry of
Health, cervical cancer is the tenthmost prevalentmalignancy
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among women in Turkey, with an incidence rate of 4.5 per
100,000 individuals. The disease is often preceded by pre-
cursor lesions, most notably cervical intraepithelial neoplasia
(CIN). Established risk factors include the early initiation of
sexual activity, multiple sexual partners, sexually transmitted
infections (STIs), and multiparity [2].
The strength of the association between persistent Human
Papillomavirus (HPV) infection and cofactors such as smok-
ing and oral contraceptive use remains a subject of ongoing
debate; however, inconsistent findings across studies suggest
these factors may significantly contribute to cervical carcino-
genesis [3,4]. Notably, numerous studies indicate a more ro-
bust correlation between smoking and cervical squamous cell
carcinoma (SCC) [5,6]. Cervical cancer is infrequently diag-
nosed in nulliparous or virginal women. Furthermore, male
circumcisionhas been shown to reduce the risk ofHPVacqui-
sition and reinfection while increasing HPV clearance in the
glans, thereby indirectly reducing the risk of cervical cancer in
women [7]. Additionally, in utero exposure to diethylstilbe-
strol (DES) is associated with an elevated risk of clear-cell ade-
nocarcinoma of the cervix and vagina; while this risk is most
pronounced at younger ages, recent evidence indicates it may
persist into midlife and older age [8].
HPV, primarily transmitted through sexual contact, is recog-
nized as the primary etiological agent in the development of
cervical cancer [9]. High-risk types, specifically HPV-16 and
HPV-18, are responsible for over 70% of cases, though other
oncogenic genotypes—includingHPV-31, 33, 35, 39, 45, 51,
52, 56, and 58—also play a substantial role [10]. HPV in-
fection occurs most frequently in young women aged 18–30
years. Although approximately 90% of these infections clear
spontaneously within 12–36 months, persistent infections
can progress to invasive cervical cancer later in life [11].
The objective of this study was to investigate the distribu-
tion of HPV genotypes among patients with cervical cancer
in Gaziantep, Turkey. By doing so, we aimed to determine
the most suitable vaccine formulations for HPV-negative in-
dividuals and to highlight the critical role of genotyping in
supporting early detection and clinicalmanagement forHPV-
positive, unvaccinated women.

MATERIALS ANDMETHODS
Patient selection
Between December 1, 2005, and June 1, 2019, a total of 90
patientswhohistopathologically diagnosedwithHPV-related
cervical cancer were retrospectively identified from the elec-
tronic database of the Pathology Department. Among these,
74 patients with adequate formalin-fixed paraffin-embedded
(FFPE) tissue blocks and sufficient DNA quality were in-
cluded in this retrospective cross-sectional study. Cases with
tissue insufficiency or poor DNA quality were excluded. The
study was approved by institutional review board in terms of
scientific and ethical conduct. The study was conducted in
accordance with the ethical principles of the Declaration of

Helsinki andwas approved by theGaziantepUniversity Clin-
ical Research Ethics Committee (approval date: October 2,
2019; approval number: 2019/376).

Tissue processing and DNA isolation
Formalin fixed paraffin embedded (FFPE) cervicale cancer tis-
sues were prepared for analysis. Five slices, each 10 µm thick,
were excised from each block and deposited into sterile tubes
using the laboratory’s usual protocol. Deparaffinization was
performed with xylene and graded ethanol via standard cen-
trifugation procedures. Subsequent to drying, the tissue was
incubated at 56 °C for 2 hours in a solution comprising ATL
lysis buffer and Proteinase K. A 700 µL aliquot of the resul-
tant lysate was then subjected to automated nucleic acid ex-
traction using the QIAsymphony DSP Virus/PathogenMidi
Kit (QIAGEN, Hilden, Germany) on the QIAsymphony SP
system. Each sample was extracted a single time, according to
the manufacturer’s instructions. The purity of DNA and its
amplification capabilitywere evaluatedusing the internal con-
trol reactions included in the commercial kit. A total of 60 µL
of DNA eluate was collected from each specimen.

HPV DNA analysis and genotyping
HPVDNAdetection was conducted utilizing real-time PCR
on the QIAGEN Rotor-Gene system. The thermal cycling
protocol commenced with an initial denaturation step at 95
°C for 15 minutes, succeeded by a pre-amplification phase
consisting of 5 cycles (95 °C for 5 seconds, 60 °C for 20 sec-
onds, and 72 °C for 15 seconds). Subsequently, 40 amplifica-
tion cycles were conducted at 95 °C for 5 seconds, 60 °C for
30 seconds, and 72 °C for 15 seconds. Genotyping was per-
formed utilizing a commercial kit (NLM Diagnostici, Italy)
specifically developed for the detection of 14 oncogenicHPV
types. Four PCR reactions were conducted for each patient,
utilizing primer sets that targeted HPV types 16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, 66, and 68. Each run included
positive and negative controls to ensure the assay’s reliability.
All reactions were performed on a microplate-based real-time
PCR platform to ensure precise amplification and detection.

Evaluation of results
Amplification curves obtained from the PCR software were
evaluated using the threshold value recommended by the
manufacturer (threshold = 0.03). Representative examples
of raw fluorescence data from the detection channels are pre-
sented in Figure 1.

Statistical analysis
Data were analyzed using SPSS version 22.0 (IBMCorp., Ar-
monk, NY, USA). Descriptive statistics are reported as fre-
quencies (n) and percentages (%). Given the descriptive na-
ture of this study, no comparative statistical tests were per-
formed. The prevalence of eachHPV genotypewas expressed
as a percentage of the total number of cases. To account for
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Figure 1. Raw amplification curves from the real-time PCR analysis. (Fluorescence signal curves obtained from the PCR software were evaluated
according to the threshold value of 0.03. Different channels represent the HPV genotypes analyzed).

the relatively small sample size, 95% confidence intervals (CIs)
were calculated using the Clopper–Pearson exact binomial
method. The resulting data are summarized in the accompa-
nying tables.

RESULTS
Seventy-four patients with pathologically confirmed cervical
cancer were included in the analysis. Real-time PCRdetected
HPVDNA in all samples, resulting in a total positivity rate of
100%. ThedistributionofHPVgenotypes and their 95%con-
fidence intervals are presented inTable 1. Infections involving
a singleHPV typewere relatively uncommon ($n = 6$, 8.2%),
whereas the vast majority of patients ($n = 68$, 91.8%) har-
bored multiple HPV types (Table 2).
Themean age of the patients was $52.6 \pm 11.8$ years, with
a range of 29–78. The distribution ofHPVgenotypeswas de-
scribed across three age groups (≤40, 41–50, and >50 years).
HPV 16 was the most common genotype identified in all
groups, followed by HPV 45 and HPV 18. Overall, the pat-
tern of genotype distribution appeared similar across all age
categories (Table 3).
The temporal distribution of cervical cancer cases based on
biopsy identification years (2005–2019) is summarized in Ta-
ble 4. The number of cases varied slightly from year to year,
ranging between two and eight cases annually, with no clear
upward or downward trend observed throughout the 14-year
study period. HPV 16 remained the predominant genotype
across all years, followed by HPV 45 and HPV 18, without
any apparent temporal shift in genotype distribution.
Themost frequently observed co-infections wereHPV16/45
and HPV 16/18/45, each of which was detected in 13 pa-
tients (17.6%). Additional combinations that appeared with
notable frequency included HPV 16/33/45 (4.1%), HPV
16/39/45 (5.4%), andHPV16/56 (5.4%). Across all patterns,
HPV 16 was consistently the dominant genotype and was
present in nearly every combination.

Table 1. Variation of HPV genotypes in our study.

HPV Genotype n (%) [95% CI]

HPV 16 5 (6.8) [2.2--15.2]
HPV 16/45 13 (17.6) [9.8--28.5]
HPV 16/18/45 13 (17.6) [9.8--28.5]
HPV 56 1 (1.4) [0.0--7.3]
HPV 16/31/45 2 (2.7) [0.3--9.4]
HPV 16/18/39/45 2 (2.7) [0.3--9.4]
HPV 16/18/33/45/56 1 (1.4) [0.0--7.3]
HPV 16/45/66 2 (2.7) [0.3--9.4]
HPV 16/18/45/56/66 1 (1.4) [0.0--7.3]
HPV 16/45/56 2 (2.7%) [0.3--9.4]
HPV 16/39/45 4 (5.4) [1.5--13.2]
HPV 16/58 1 (1.4) [0.0--7.3]
HPV 16/18/45/59 1 (1.4) [0.0--7.3]
HPV 16/33/52 1 (1.4) [0.0--7.3]
HPV 16/18/33/39/45 1 (1.4) [0.0--7.3]
HPV 16/18/33/45 2 (2.7) [0.3--9.4]
HPV 16/56 4 (5.4) [1.5--13.2]
HPV 16/45/59 1 (1.4) [0.0--7.3]
HPV 16/68 1 (1.4) [0.0--7.3]
HPV 16/18/45/51 2 (2.7) [0.3--9.4]
HPV 16/33/39/45 1 (1.4) [0.0--7.3]
HPV 16/33/45 3 (4.1) [0.9--11.5]
HPV 16/18/31/45 2 (2.7) [0.3--9.4]
HPV 16/18 1 (1.4) [0.0--7.3]
HPV 16/18/45/56 2 (2.7) [0.3--9.4]
HPV 16/18/33/35/56 1 (1.4) [0.0--7.3]
HPV 16/31/56/68 1 (1.4) [0.0--7.3]
HPV 16/39 1 (1.4) [0.0--7.3]
HPV 16/18/31 1 (1.4) [0.0--7.3]
HPV 16/18/33/35/45/52/68 1 (1.4) [0.0--7.3]
Values are presented as number (percentage) with 95% confidence intervals
(Clopper–Pearson exact method). The table summarizes the distribution of HPV
genotypes detected in 74 cervical cancer cases.

DISCUSSION
In this study, themost commonHPVgenotypes among cervi-
cal cancer cases in a tertiary hospital in Gaziantep were identi-
fied as genotypes 16, 18, and 45. The predominance of HPV
16 and 18 is consistent with both national and international
reports, while the relatively high prevalence of HPV 45 indi-
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Table 2. Descriptive statistical data of the patients infected with a single
or multiple HPV types.

Infection type N %

Single HPV type 6 8.2
Multiple HPV types 68 91.8
Total 74 100

Table 3. Distribution of HPV genotypes according to age groups.

HPV Genotype ≤40 years (%) 41--50 years (%) >50 years (%)

HPV 16 28.6 32.1 31.8
HPV 18 28.6 17.0 13.0
HPV 31 0.0 0.0 3.9
HPV 33 0.0 5.7 5.2
HPV 35 0.0 3.8 0.0
HPV 39 0.0 5.7 3.9
HPV 45 28.6 24.5 26.6
HPV 51 0.0 0.0 1.3
HPV 52 0.0 1.9 0.6
HPV 56 14.3 5.7 5.2
HPV 58 0.0 0.0 0.6
HPV 59 0.0 1.9 0.6
HPV 66 0.0 0.0 1.9
HPV 68 0.0 1.9 1.3
Values represent the percentage of patients in each age group positive for the in-
dicated genotype. Multiple infections were possible. Median age: 52 years, IQR:
44–60.

Table 4. Annual distribution of cervical cancer cases (2005--2019).

Year Number of cases (n)

2005 3
2006 4
2007 6
2008 5
2009 7
2010 6
2011 5
2012 8
2013 6
2014 5
2015 4
2016 4
2017 5
2018 4
2019 2

cates a high prevalence in the region. These findings highlight
the regional variation in HPV genotype distribution and em-
phasize the importance of incorporating local epidemiologi-
cal data into cervical cancer prevention and vaccination strate-
gies.

The highest frequency of HPV infection occurs in sexually
active young women, particularly those aged 25–29 years, af-
ter which the prevalence tends to stabilise or slightly decline
[12]. RecentTurkish data also support the high prevalence of
HPV infection even among women with normal cytology. In
a study by Görür et al. [13], high-risk HPV genotypes were
detected in 43% of 270 women aged 19–69 years using multi-

plex polymerase chain reaction (PCR).
The infection ratewas significantly higher in patientswith ab-
normal cytology (77%) compared to those with normal cytol-
ogy (37%). Consistent with this age-related pattern, a mul-
ticenter Turkish study involving only women with normal
cytology reported the highest HPV prevalence in the 25–29
age group, with HPV 16 and HPV 45 identified as the most
frequent genotypes [14]. These findings underscore the fact
that a substantial proportion of womenmay harbor high-risk
HPV types despite having normal cytologic results, empha-
sizing the critical value of molecular HPV testing in cervical
cancer screening and risk assessment. Consequently, detailed
HPV genotyping is essential for mapping regional epidemi-
ological patterns and tailoring preventive strategies. Geno-
typing further serves to refine regional data, guide national
vaccination programs, and direct clinical follow-up for in-
fected individuals. Accordingly, this research aims to deter-
mine the distribution of HPV subtypes most commonly as-
sociated with cervical cancer in Gaziantep and its surround-
ing regions. Based on these findings, we intend to identify
the optimal vaccine formulations for preventive use in HPV-
negative individuals aged 11–12 years, while highlighting the
necessity of early detection and effective treatment for previ-
ously infected, unvaccinated patients.
Several investigations conducted across Turkey have docu-
mented varyingHPVprevalence rates, which are largely influ-
enced by the specific study populations and diagnostic tech-
niques employed. Güney et al. (1997) used PCR and DNA
in situ hybridization (DISH) to detect HPVDNA in 9.5% of
pregnant women and 45% of women presenting with condy-
loma or dysplasia [15]. In a large screening cohort of 22,488
tests, abnormal cytology and HPV positivity were detected
in 7.5% and 7.4% of cases, respectively. Among the HPV-
positive samples, non-16/18 genotypes were most frequent
(62.2%), followed by HPV 16 (22.9%) and HPV 18 (7.3%),
while multiple-type infections occurred in 7.7% of cases. In
this cohort, HPV testing demonstrated higher sensitivity but
lower specificity than cytology in detecting high-grade cervi-
cal lesions (CIN2–CIN3) [16]. Similarly, Özçelik et al. found
a prevalence of 6.1% among 230 participants [17]. In another
study, HPV DNA was detected in 40.4% (150/371) of cervi-
cal samples; among these positive cases, cytological abnormal-
itieswere present in 12.9%,while 25.3% showedno cytological
changes. The most common genotype was HPV 16 (45.3%),
followed by HPV 56 (17.3%), HPV 18 (12.0%), and HPV 51
(12.0%) [18].
Onan et al. reported HPV DNA detection rates of 4.2% in
CIN I, 14.8% inCIN II, and 45% inCIN III [19]. In a screen-
ing series of 1,353 women, İnal et al. identifiedHPVDNA in
1.5% of cytologically normal individuals, whereas all patients
with abnormal cytology tested positive [20]. Ergünay et al.
foundHPVDNA in 80% of 35 cytologically abnormal cases,
with high-risk genotypes present in 78.6% of those samples
[21]. Yıldız et al. observed that p16 expression was positive
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in all high-grade squamous intraepithelial lesion (HSIL) cases
and 80% of low-grade squamous intraepithelial lesion (LSIL)
cases, with an overallHPVDNApositivity rate of 48.6% [22].
Furthermore, Işıklı et al. reported LSIL or HSIL in 11.7% of
women undergoing colposcopy following Pap smear screen-
ing [23], while Özgül et al. demonstrated p16INK4a positiv-
ity in allHSIL and cervical cancer cases, compared to 46.2% in
LSIL cases [24]. Similarly, Müderris et al. reported that HPV
16was themost common genotype in both cytologically nor-
mal and abnormal cases. They also noted that the frequencies
of ASC-US andHSIL were significantly higher in women in-
fected with HPV 16 than in those infected with other geno-
types, further supporting the strong association between spe-
cific high-riskHPV types and cytological abnormalities in the
Turkish population [25].
In Samsun Province, Taşkın et al. reported a high-risk HPV
positivity rate of 9.17% among 5,406 women, with HPV
16 and HPV 18 accounting for 28.62% and 9.67% of infec-
tions, respectively; other high-risk types constituted 78.83%
of cases. HPV 16 positivity peaked in women aged 30–39
years, while HPV 18 and other high-risk types were more fre-
quent in the 40–49 age group. Notably, the highest preva-
lence was observed during the summer months, particularly
in June 2021 [26]. Recent region-specific studies further
demonstrate marked geographical variability in HPV distri-
bution. InMersin province, Yaman et al. reported a high-risk
HPVprevalence of 12.6% among 12,641women screened be-
tween 2019 and 2022, with significantly higher rates among
those with abnormal cytology and HPV 16 as the dominant
genotype [27]. A hospital-based study from Ankara involv-
ing 4,267 women reported an overall HPV positivity rate
of 14.2%, with HPV 16 and HPV 18 detected in 2.4% and
0.7%of samples, respectively, andpooled high-riskHPV types
identified in 8.8% [28]. Similarly, an Istanbul-based analy-
sis of 2,285 cervical samples found a high-risk HPV positiv-
ity rate of 36.3%. The highest prevalence was seen in women
aged 17–34 years, with HPV 16 (30.9%), HPV 39 (14.6%),
and HPV 51 (14.2%) as the most frequent genotypes; multi-
ple high-risk infections were observed in 40.7% of the positive
cases [29].
In a multicenter hospital-based analysis across Turkey, Dur-
sun et al. assessed a cohort of 6,388 women from 12 gyne-
cologic oncology centers, reporting an overall HPV positivity
rate of 25%. HPV DNA positivity was significantly higher
among women with abnormal cytology compared to those
with normal findings (52% vs. 27%, p < 0.05). The most fre-
quently detected genotypes included HPV 16 (32%), HPV 6
(17%), HPV 11 (9%), HPV 18 (8%), HPV 31 (6%), HPV 51
(5%), and HPV 33 (3%). This indicates that while HPV 16
remains the predominant genotype, a considerable propor-
tion of infections are attributable to non-16/18 types [30].
Finally, Usubütün et al. identified HPV DNA in 93.5% of
248 cervical cancer specimens, with HPV 16 being the most
prevalent, followed by HPV 18 and HPV 45; together, HPV

16 and 18 comprised 75.4% of all invasive cases [31]. Avcı et
al. documented HPV DNA in 61% of 77 women undergo-
ing colposcopy, noting that allHSIL cases tested positive [32].
These findings, alongside large-scale clinical trials like the PA-
TRICIA study, demonstrate that HPV vaccines may confer
partial cross-protection against non-vaccine oncogenic types
such as HPV 31, 33, and 45 [33].

Limitations and Strengths

This study has certain limitations. Due to its retrospective
design, individual risk factors for HPV infection, including
sexual history, HIV status, sociodemographic characteristics,
and vaccination history, could not be assessed. Addition-
ally, the analysis relied exclusively onparaffin-embedded tissue
samples, precluding the determination of viable virus pres-
ence. The limited sample size and the study’s confinement to
a single institution restrict the generalizability of the results. A
further limitation is that only the high-riskHPV types present
in the commercial kit were evaluated; low-risk and less preva-
lent types were excluded from assessment. Furthermore, real-
time PCR did not facilitate the evaluation of viral load or the
integration of viral genomes. The lack of a control group hin-
dered direct comparison, as the primary emphasis of the study
was on the distribution of HPV genotypes in cervical cancer
patients.
Notwithstanding these limitations, the research had signifi-
cant merits. Genotyping was performed by real-time PCR
on archival paraffin-embedded tissue specimens frompatients
withhistologically confirmed cervical cancerwhowere treated
at a tertiary referral facility in southeastern Turkey. These
data provide significant epidemiological insight into the re-
gional distribution of HPV types. This information may
guide public health efforts, especially in customizing immu-
nization campaigns to meet regional requirements.

CONCLUSION
In summary, HPV genotypes 16, 18, and 45 were found to
be the predominant types associated with cervical cancer in
our region. The findings emphasize the importance of con-
tinuous surveillance of genotype distribution to better tailor
regional prevention and vaccination strategies. Expanding ac-
cess to the nonavalent vaccine and strengthening screening
programsmay significantly reduce the burden ofHPV-related
cervical cancer in the future.
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