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B MAIN POINTS B ABSTRACT

 This study is among the first to in-
vestigate the effects of methylphenidate
(MPH) treatment on retinal and optic
nerve head microvasculature in children
with attention-deficit/hyperactivity disor-
der (ADHD).

+ Significant increases in superficial and
deep capillary plexus vessel densities were
observed after MPH treatment.

* Radial peripapillary capillary plexus vessel
density showed no significant change be-
tween pre- and post-treatment measure-
ments.

* These findings suggest that MPH may ex-
ert regional and limited effects on reti-
nal microcirculation, and that OCTA could
serve as a sensitive tool for monitoring
retinal vascular changes in children with
ADHD.

Cite this article as:

Ermis S, Kinay Ermis D,

Aim: This study aimed to investigate macular and optic nerve head (ONH) microvascular-
ization in children diagnosed with attention deficit hyperactivity disorder (ADHD) before
and 6 months after the initiation of methylphenidate (MPH) treatment, and to compare
these findings with a healthy control group.

Materials and Methods: This retrospective study included 66 eyes of 66 patients with
ADHD and 74 eyes of 74 healthy controls, all aged 6--17 years. Participants were grouped
as follows: newly diagnosed treatment-naive ADHD patients, the same patients after 6
months of MPH treatment, and healthy controls. Specular microscopy findings, pupil
size (PS), anterior chamber depth (ACD), and lens thickness (LT) values of participants
were recorded. Additionally, retinal nerve fiber layer (RNFL) thickness, central macular
thickness (CMT), and optic nerve head (ONH) radial peripapillary capillary plexus (RPCP),
superficial capillary plexus (SCP), and deep capillary plexus (DCP) vessel density (VD)
parameters were measured.

Results: Statistically significant increases in whole-image VD values for SCP and DCP
were observed following MPH treatment (both p<0.001). Additionally, SCP VD values
were significantly lower in treatment-naive children with ADHD compared to healthy con-
trols, while RPCP VD values were higher (p = 0.006 and p = 0.010, respectively). No
statistically significant differences in CMT, RNFL thickness, or anterior segment parame-
ters (PS, ACD, LT) were observed either after MPH treatment within the ADHD group or
between the control group and treatment-naive ADHD patients.

Conclusion: In children diagnosed with ADHD, significant increases in SCP and DCP val-
ues were observed following MPH treatment. These findings indicate the need for further
studies to evaluate the effects and clinical significance of MPH treatment on retinal mi-

Yilmaz YC, Ciloglu Hayat S, Aksoz P. Effect of
methylphenidate treatment on macula and optic
disc microvascularity in children with attention-
deficit/hyperactivity disorder: A retrospective
study. Ann Med Res. 2025;32(11):474--480. doi:
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B INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a neu-
rodevelopmental disorder characterized by inattention, hy-
peractivity, and impulsivity, resulting from the interaction
of genetic and environmental factors [1,2]. Neuroimaging
studies have elucidated the neural basis of the disorder by re-
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vealing structural differences in the brain [3-7]. Neurotrans-
mitter imbalance in the prefrontal cortex forms the basis of
methylphenidate (MPH) treatment [8,9].

Studies indicate that ocular parameters have been investigated

to identify biomarkers associated with ADHD. In this con-
text, the macula and optic nerve head (ONH) have become

https://doi.org/10.5455/annalsmedres.2025.05.114
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focal points, with ocular findings being evaluated in detail
using imaging techniques such as optical coherence tomog-
raphy (OCT) and optical coherence tomography angiogra-
phy (OCTA). Based on the vascular theory of neurodevel-
opmental disorders, it has been suggested that individuals
with ADHD may exhibit significant alterations in the vascu-
lar structures of the macula and ONH [4-10].

Methylphenidate, commonly used in the treatment of
ADHD, is known to alter sympathetic activation in the cen-
tral nervous system through its effects on neurotransmitter
systems. It is thought that this effect could influence the cir-
culation and density of microvascular structures within the
retina and ONH. Additionally, considering the potential ef-
fects of MPH treatment on anterior segment structures, par-
ticularly the corneal endothelium, our study evaluated an-
terior segment parameters including corneal endothelial cell
density (ECD) measured by specular microscopy, anterior

chamber depth (ACD), and lens thickness (LT).

This study aimed to evaluate superficial capillary plexus
(SCP), deep capillary plexus (DCP), and radial peripapil-
lary capillary plexus (RPCP) vessel density (VD) values in
treatment-naive children with ADHD, to determine the
changes in these values after six months of MPH treatment,
and to investigate the potential effects of MPH on retinal and
ONH microvascular structures by comparing these results
with healthy controls.

E MATERIALS AND METHODS

This retrospective case-control study was conducted retro-
spectively following approval by the ethics committee and in
accordance with the principles of the Declaration of Helsinki.
(Ethics approval code: KAEK/2022.05.153).

Given the retrospective nature of the study, existing patient
data were anonymized to ensure confidentiality in accordance
with ethical principles.

The study was conducted on patients diagnosed with ADHD
between January 2020 and September 2022 at the Child and
Adolescent Psychiatry Clinic of our hospital, who were subse-
quently referred to the Ophthalmology Clinic for routine oc-
ular examinations. Two groups of participants were included
in the study. Group 1 included randomly selected 66 eyes
from 66 ADHD patients who were treatment-naive before
MPH initiation, along with the evaluations performed on the
same patients after 6 months of oral MPH treatment. Group
2included 74 randomly selected eyes from 74 healthy children
matched to the ADHD group in terms of age and gender.

All participants were evaluated by child and adolescent psy-
chiatrists using the Schedule for Affective Disorders and
Schizophrenia for School-Age Children - Present and Life-
time Version Turkish Form (K-SADS-PL-T) [11,12].

The inclusion criteria were: Best-corrected visual acuity
(BCVA) >20/20, spherical equivalent (SE) (KR-8900, Top-
con Corporation, Japan) refractive error within +3 diopters
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as assessed by cycloplegic refraction, and intraocular pressure
(IOP) <21 mmHg.

Exclusion criteria included: History of intraocular surgery,
presence of any systemic or ocular disease, individuals with in-
adequate image quality due to media opacity, and participants
unable to sufficiently cooperate during ocular examination
or imaging procedures. Additionally, individuals with a his-
tory of psychiatric disorders, learning or behavioral changes,
or medication use were excluded from the study.

During ophthalmological examinations, participants under-
went Snellen best-corrected visual acuity (BCVA) measure-
ment, intraocular pressure (IOP) measurement using ap-
planation tonometry, axial length measurement via opti-
cal biometry (Tomey Optical Biometry OA-2000 Opt-Meas
V.4E) and imaging using swept-source OCT (SS-OCT) and
OCT angiography (OCTA). Additionally, to assess the po-
tential effects of MPH treatment on anterior segment struc-
tures, corneal ECD was measured using specular microscopy
(Tomey EM-4000, Japan), and parameters such as ACD,
pupil size (PS) and LT were recorded. The presence of lens
opacities was evaluated subjectively via slit-lamp biomicro-
scopic examination. All measurements were performed by an
experienced retina specialist (SE).

Swept-Source OCT imaging protocol

OCT imaging was performed using the Topcon DRI OCT
Triton (Topcon Corporation, Tokyo, Japan), which utilizes
a laser source with a wavelength of 1050 nm and an A-scan
rate of 100,000 scans per second. For macular evaluation, a
raster scanning pattern within a 6x6 mm area centered on
the macula was employed. Central macular thickness (CMT)
was measured using the Early Treatment Diabetic Retinopa-
thy Study grid, specifically within the central 1-mm subfield.
Retinal nerve fiber layer (RNFL) assessment was conducted
using a 6x6 mm scanning area centered on the optic disc. The
device’s internal eye-tracking system and artifact removal al-
gorithm were actively utilized to enhance image quality and
consistency. A minimum OCT image quality score of 90 was
required for acceptance.

Swept-Source OCT angiography imaging protocol

Macular OCTA imaging was performed over a 3x3 mm scan-
ning area centered on the macula. Optic disc OCTA imag-
ing for RPCP was conducted over a 4.5x4.5 mm scanning
area centered on the optic disc. Each OCTA scan cube com-
prised 320 B-scan clusters, with automated segmentation of
all vascular plexuses performed using IMAGEnet6 software.
Manual segmentation corrections were applied when neces-
sary. RPCP was defined as the vascular structures between the
internal limiting membrane and the lower boundary of the
RNFL. A minimum image quality score of 70 was required
for OCTA images to be included in the analysis.

To ensure measurement reliability and optimal image quality
in young patients with ADHD, all examinations were con-

https://doi.org/10.5455/annalsmedres.2025.05.114
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ducted by the same investigator under conditions designed
to optimize patient attention levels. Furthermore, to min-
imize diurnal variation, all assessments were performed be-
tween 09:00 AM and 11:00 AM [13].

Statistical analysis

In this study, continuous variables were expressed as mean *
standard deviation, while categorical variables were presented
as numbers and percentages. The normality distribution
of continuous variables was assessed using the Kolmogorov-
Smirnov test. To compare individuals with ADHD and the
control group, an independent samples t-test was utilized
for variables with normal distribution, whereas the Mann-
Whitney U test was used for those not normally distributed.
For variables analyzed using non-parametric tests, descriptive
statistics were presented as median (interquartile range) or
median (minimum-maximum), in accordance with best sta-
tistical practices. Pre- and post-treatment values of patients
with ADHD were compared using the paired samples t-test
for normally distributed variables and the Wilcoxon signed-
rank test for non-normally distributed variables. Associations
between categorical variables were evaluated using the Chi-
square test. The 95% confidence intervals (CI) for differ-
ences between groups were calculated and reported as foot-
notes beneath the respective tables. Statistical analyses were
conducted using IBM SPSS Statistics, Version 28.0 (Armonk,
NY: IBM Corp.), with a significance level set at p<0.05. The
minimum required sample size was calculated using G*Power
software (version 3.1.9.7, Heinrich Heine University, Diissel-
dorf, Germany). A priori power analysis was performed for
a two-tailed paired-samples t-test with an alpha level of 0.05,
statistical power (1-(3) of 0.80, and a medium effect size of
0.50, as defined by Cohen. The analysis revealed that a mini-
mum of 34 participants would be necessary to detect a signifi-
cant within-subject difference. Given that our study included
66 treatment-naive ADHD patients, the statistical power was
deemed sufficient.

B RESULTS

A total of 140 eyes from 140 participants were included in
this study. No significant differences were observed between
groups regarding demographic and clinical characteristics,
including age, sex distribution, cycloplegic SE values, IOP,
ECD, axial length, ACD, PS, LT, CMT, RNFL thickness, and
rim volume. These findings indicate that the study groups
were comparable, sharing similar baseline ocular characteris-
tics. Additionally, among the ADHD patients, no statisti-
cally significant changes were observed in the previously men-
tioned parameters at the 6-month evaluation after MPH treat-
ment compared to baseline (p>0.05 for all parameters). At the
6-month follow-up, no participants developed lens opacity.

IOP; intraocular pressure, ECD; endothelial cell density,
ACD; anterior chamber depth, PS: pupil size, LT; lens thick-
ness, CMT; central Macular thickness, RNFL; retinal nerve

Original Article
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fiber layer

Values are expressed as mean + standard deviation. The 95%
confidence intervals (CI) for differences between groups are
as follows: age (-1.60; 0.20), IOP (-0.90; 0.50), ECD (-27.50;
160.50), axial length (-0.85; 0.05), ACD (-0.25; 0.05), PS (-
0.01; 0.81), LT (-0.06; 0.04), CMT (-4.20; 14.40), RNFL (-
7.30; 10.30), and rim volume (-0.07; 0.07).

In the treatment-naive ADHD group (Group 1a), the mean
whole-image SCP VD was significantly lower compared to
healthy controls (Group 2) (p = .006). Post-treatment (Group
1b), a significant increase was observed in the whole-image
SCP (p < .001). Although SCP values in the superior quad-
rant were numerically higher in treatment-naive ADHD pa-
tients compared to healthy controls, this difference was not
statistically significant (p = .177). Following MPH treatment,
there was a significant increase in the superior quadrant (p <
.001); however, no statistically significant changes were ob-
served in temporal, inferior, and nasal quadrants compared to
pre-treatment values. These findings suggest that MPH treat-
ment may exert region-specific effects on SCP.

Regarding DCP VD, pre-treatment values in the ADHD
group (Group 1a) showed no statistically significant differ-
ences compared to healthy controls. Following MPH treat-
ment, DCP values significantly increased in the whole image,
temporal, and nasal quadrants (p < .001, p < 0.001, and p
=.025, respectively), while a statistically significant but small
decrease was observed in the superior and inferior quadrants
(p =.037 and p = .049). These findings suggest that MPH
treatment may exert region-specific effects on deep retinal mi-
crovascular density. Detailed results are presented in Table 2.

In the treatment-naive ADHD group (Group 1a), the RPCP
VD of the ONH was significantly higher in the whole-image
and superior quadrant averages compared to healthy controls
(Group 2). Following MPH treatment, no significant differ-
ences in RPCP vessel density were observed when compar-
ing pre-treatment (Group 1a) and post-treatment (Group 1b)
measurements of the same patients. A comparison between
the post-treatment patient group (Group 1b) and healthy
controls (Group 2) was not performed. These findings sug-
gest that MPH treatment does not have a pronounced effect
on RPCP vessel density. Detailed results of the RPCP vessel
density analysis are summarized in Table 3.

E DISCUSSION

Attention deficit hyperactivity disorder is a complex and mul-
tifactorial neurodevelopmental disorder investigated through
various ocular structures and parameters [1,4,10]. As exten-
sions of the central nervous system, the retina and ONH
can provide important insights into the pathophysiology of
ADHD. Recent advances in OCT technology have enabled
the identification of alterations in ONH and macular parame-
ters, highlighting retinal manifestations of neuropsychiatric
disorders [4,14-19]. Gronlund etal. reported significant mor-
phological changes in the SCP, DCP, and ONH in children

https://doi.org/10.5455/annalsmedres.2025.05.114
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Table 1. Demographic and clinic characteristics of the study participants.

Group 1 (a) Group 1 (b) Group 2 p

(treatment naive) (post-treatment) (control) 1(a) &1(b) 1(a) &2
Age (years) 9 (8-10.5) 10.5(9-13) 0.1222
Sex (female/male) 30/36 - 36/38 - 0.874P
Spherical equivalent (D) 0.00£0.60 0.05£0.40 -0.0840.45 0.574° 0.388°¢
IOP (mmHg) 14.241.7 14.341.5 14.443.0 0.721 0.924¢
ECD (cells/mm?) 3022.3+222.5 3020.1£212.6 2955.8£323.7 0.954¢ 0.164¢
Axial length (mm) 23.0+0.5 23.1+0.5 23.4+1.3 0.936° 0.089¢
ACD (mm) 3.78 (3.67-3.93) 3.78 (3.67-3.93) 3.71(3.19-4.41) 1.00 0.075°
PS (mm) 7.3 (6.73-8.08) 6.99 (6.36-7.84) 6.86 (6.05-7.95) 0.1032 0.0542
LT (mm) 3.49 (3.43-3.57) 3.49 (3.43-3.57) 3.48 (3.37-3.63) 1.00 0.2008
CMT (um) 278.1 (259.70--302.90) 277.71 (270.29-287.71) 274.13 (262.23-290.17) 0.5892 0.105
RNFL (um) 79.69 (61.23-104.57) 80.34 (63.32-103.28) 80.05 (72.29-90.51) 0.9412 0.634
Rim volume(mm?®) 0.38 (0.29--0.49) 0.37 (0.28-0.50) 0.37 (0.26-0.52) 1.02 0.630°

4 Mann-Whitney U test, b Chi-square test, © Independent-samples t-test, d Paired-samples t-test. Values are expressed as median (interquartile range) for variables analyzed
using non-parametric tests (Mann—Whitney U test), and as mean * standard deviation for variables analyzed using parametric tests (independent- or paired-samples t-test).
Categorical variables are presented as counts and percentages. *p < 0.05. Bold values represent the variables which show statistical significance.

Table 2. Vessel density values of the superficial and deep capillary plexus in the study participants.

Group 1 (a) Group 1 (b) Group 2 p

(treatment naive) (post-treatment) (control) 1(a) &1(b) 1(a) &2

Whole Image 43.07 (39.45--47.95) 44,34 (41.70--47.90) 45.18 (42.19--49.21) <0.001™b 0.006"2

Superior 46.42 (44.81--48.59) 47.26 (45.88--49.12) 44.89 (42.53--48.07) <0.001™b 0.1772

SCP VD (%) Temporal 44.65 (43.21--46.59) 44.57 (43.25--46.35) 44.30 (42.00--47.40) 0.368° 0.0862
Inferior 46.32 (44.71--48.49) 45.88 (44.62--47.59) 44.41 (41.59--48.21) 0.060° 0.3972

Nasale 44.88 (43.04-47.36) 44.91 (43.24-47.16) 44.92 (42.73-47.86) 0.276b 0.071

Whole Image 45.53 (41.68-50.72) 48.01 (44.62-52.58) 46.09 (41.43-52.37) <0.001** 0.1422

Superior 48.36 (46.41-51.00) 47.83 (46.28-49.92) 46.66 (44.70-49.30) 0.037*b 0.1012

DCP VD (%) Temporal 48.61 (46.37-51.63) 49.63 (48.08-51.72) 48.64 (46.57-51.43) <0.001** 0.3512
Inferior 48.04 (46.54--50.05) 47.87 (46.55--49.65) 45.69 (43.33--48.87) 0.049*b 0.231°

Nasale 49.15 (46.56--52.64) 50.25 (48.81--52.19) 48.41 (46.17--51.43) 0.025%b 0.3912

4 Mann-Whitney U test, b Wilcoxon signed-rank test. Values are expressed as median (interquartile range) for all parameters, as they were analyzed using non-parametric tests.
*p < 0.05. Bold values represent the variables which show statistical significance.SCP: Superficial Capillary Plexus, DCP: Deep Capillary Plexus VD: Vessel Density.Values are
expressed as mean + standard deviation. The 95% CI for differences between groups are as follows: For comparison between Group 1(a) and Group 1(b): SCP whole image
(-1.72; -0.48), superior quadrant (-1.26; -0.34), temporal quadrant (-0.43; 0.63), inferior quadrant (-0.02; 1.02), nasal quadrant (-0.56; 0.56); DCP whole image (-3.48; -1.32),
superior quadrant (0.04; 1.16), temporal quadrant (-1.42; -0.38), inferior quadrant (0.00; 0.40), nasal quadrant (-1.68; -0.12).For comparison between Group 1(a) and Group
2: SCP whole image (-3.41; -0.59), superior quadrant (-0.48; 3.28), temporal quadrant (-0.11; 0.51), inferior quadrant (-1.10; 2.40), nasal quadrant (-0.09; 0.29); DCP whole
image (-1.63; 0.23), superior quadrant (-0.33; 1.73), temporal quadrant (-0.44; 0.44), inferior quadrant (-0.18; 2.58), nasal quadrant (-0.81; 2.41).

Table 3. Optic nerve head radial peripapillary capillary plexus vessel density of the study participants.

Group 1 (a) Group 1 (b) Group 2
(treatment naive) (post-treatment) (control) 1(a) &1(b) 1(a) &2
Whole Image 55.39 (53.61--57.79) 55.47 (53.57--58.03) 53.80 (51.50--56.90) 0.313b 0.010%2
Superior 57.76 (56.38--59.62) 57.62 (56.01--59.79) 55.94 (53.87-58.73) 0.594b 0.035%2
RPCP VD (%) Temporal 54.20+2.20 54.30+2.00 54.20 + 3.40 0.185° 0.066°
Inferior 57.67 (56.35--59.45) 57.75 (56.31--59.69) 56.55 (54.54--59.26) 0.313b 0.100°
Nasale 57.10£2.70 57.20 +2.80 56.30 £3.70 0.219¢ 0.730°

4 Mann-Whitney U test, b Wilcoxon signed-rank test, © Paired-samples t-test, d Independent-samples t-test. Values are presented as median (interquartile range) for variables
analyzed using non-parametric tests (Wilcoxon signed-rank test), and as mean + standard deviation for those analyzed using parametric tests (paired-samples t-test), specifically
in the temporal and nasal quadrants. *p < 0.05. Bold values indicate statistically significant differences. RPCP: Radial peripapillary capillary plexus, VD: Vessel Density. Values
are expressed as mean * standard deviation. The 95% confidence intervals (CI) for differences between groups were as follows:For comparison between Group 1(a) and Group
1(b): RPCP whole image (-0.40; 0.80), superior quadrant (-0.29; 0.49), temporal quadrant (-0.74; 0.14), inferior quadrant (-0.29; 0.49), nasal quadrant (-0.51; 0.31). For
comparison between Group 1(a) and Group 2: RPCP whole image (0.61; 4.39), superior quadrant (0.12; 3.68), temporal quadrant (-0.62; 0.02), inferior quadrant (-0.22;
2.42), nasal quadrant (-1.12; 3.32).

with ADHD, suggesting that these findings may reflect early ~ potential effects of MPH treatment on these structures.

developmental impairments in neural and vascular tissues of .
In our study, no differences were detected among the groups

regarding global RNFL thickness, which is consistent with
previous studies [1,4,20]. This finding supports the idea

the brain [14]. In the present study, we investigated alter-
ations in macular and ONH microvasculature, as well as the
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that ADHD is a neurodevelopmental disorder rather than a
neurodegenerative one. Additionally, no significant differ-
ences were observed in quadrant analyses of RNFL thickness.
Similarly, CMT did not differ significantly among the three
groups, aligning well with existing literature [4,21,22]. Nev-
ertheless, conflicting findings have also been reported in other
studies [23,24]. These discrepancies may arise from techni-
cal differences among OCT devices (e.g., variations in reso-
lution and segmentation algorithms). Although such tech-
nical differences would affect all participants similarly within
a given study, inconsistencies between different studies may
result from the utilization of various OCT devices. Further-
more, demographic characteristics (e.g., age, gender distribu-
tion, ethnicity) and clinical conditions (e.g., refractive errors,
concurrent systemic diseases, medication usage) of study pop-
ulations could represent confounding factors aftecting OCT
measurements. Thus, it is crucial to consider these potential
confounders when interpreting results across different stud-
ies.

Literature regarding microvascular parameters of the macu-
lar region is limited. To date, only one previous study has
compared OCTA values of the macula in individuals diag-
nosed with ADHD who were treated with MPH versus those
who were not. Tarakcioglu et al. conducted a cross-sectional
analysis of 80 treatment-naive children with ADHD and 106
children with ADHD treated with MPH, finding differences
in choriocapillaris flow between the groups [10]. However,
no significant differences were observed between the groups
in SCP and DCP analyses. Researchers suggested that MPH
may have only a limited effect on retinal blood flow. In con-
trast, our study compared OCTA values within the same in-
dividuals before and after MPH treatment. By using this
within-subject comparative method, heterogeneity caused by
inter-individual variability was minimized, leading to poten-
tially more reliable and consistent results. Using this ap-
proach, we observed significant increases in SCP measure-
ments in the whole image and superior quadrants. Regarding
DCP, MPH treatmentled to significant increases in the whole
image, temporal, and nasal quadrants, but small yet statisti-
cally significant decreases in the superior and inferior quad-
rants, suggesting region-specific vascular responses. These
findings suggest that MPH treatment may cause regional vari-
ations in retinal microvasculature. MPH inhibits the reup-
take of dopamine and norepinephrine, thereby increasing lev-
els of these neurotransmitters in the synaptic cleft. It has
been hypothesized that this increase may lead to vasodilation
of cerebral and retinal microvascular structures, enhancing
blood flow [25]. This mechanism could explain the observed
regional increases in retinal microvascular parameters follow-
ing MPH treatment in our study. Additionally, these results
support the idea that MPH might have quadrant-specific ef-
fects on retinal microvascular structures, further highlighting
OCTA as a sensitive tool for assessing retinal blood flow in
ADHD patients. Our study is the first to compare macular
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OCTA parameters before and after treatment within the same
subjects, which reduces potential confounding effects arising
from inter-individual variability.

Recent studies have demonstrated that OCTA is effective for
assessing ONH microvascularization [26-29]. Wang et al.
[27] reported decreased ONH VD in neurodegenerative dis-
eases such as multiple sclerosis, while Asanad et al. found re-
duced temporal peripapillary VD in patients with schizophre-
nia [28]. In our study, treatment-naive ADHD patients ex-
hibited significantly higher RPCP VD values, especially in
the superior quadrant and whole-image areas, compared to
healthy controls. While neuronal cell loss in neurodegener-
ative diseases typically leads to reduced retinal and optic nerve
head vessel densities, neurodevelopmental disorders may ex-
hibit increased microvascular density due to heightened sym-
pathetic activation and differences in autoregulatory mech-
anisms [27,28]. This variation could be associated with in-
creased vascular reactivity observed in cerebral and retinal vas-
cular structures in ADHD.

RPCP VD did not show a significant change after MPH treat-
ment compared to pretreatment values. This suggests that
MPH may have a limited effect on potential increases in vas-
cular reactivity. However, the absence of a post-treatment
comparison with healthy controls limits definitive conclu-
sions. Therefore, further prospective comparative studies in-
volving healthy controls are needed, particularly to evaluate
post-treatment changes.

MPH, commonly used in the treatment of ADHD, is an o1-
sympathomimetic amine with adrenergic and anticholinergic
properties, potentially causing ocular side effects such as my-
driasis, accommodation disturbances, and transient visual dis-
turbances [10,14,30-33]. In our study, a minimal but statisti-
cally insignificant increase in pupil diameter was observed af-
ter MPH treatment. Although previous reports indicate that
MPH may transiently elevate IOP our findings suggest that
MPH treatment is not associated with clinically significant
changes in IOP [30,31,33]. Despite earlier reports proposing
that MPH could significantly decrease ACD after cyclople-
gia and thereby increase glaucoma risk, no significant differ-
ences were found regarding this parameter in our study [31].
Additionally, despite the suggestion that long-term MPH use
may induce lens opacities, we did not detect any lens opac-
ity during the 6-month follow-up period [27]. These find-
ings suggest that ocular side effects related to MPH may vary
based on duration and dosage. A previous study reported
that MPH does not exhibit significant toxic effects on ECD
[34]. Our study also supports this, demonstrating no signifi-
cant change in corneal endothelial cell density associated with
MPH treatment. However, due to the retrospective design of
our study, our results indicate associations rather than causal-
ity and should therefore be interpreted with caution. Prospec-
tive longitudinal studies are needed to clarify these causal re-
lationships.

One of the significant strengths of our study is the compar-
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ison of pre- and post-treatment data within the same indi-
viduals, enhancing methodological consistency and homo-
geneity of data. However, our study has several limitations.
Firstly, the retrospective design of the study itself constitutes
a primary limitation. Additionally, our sample size was rel-
atively small. MPH doses were standardized, and thus, the
dose-response relationship was not investigated. The rela-
tively short duration of the study limits the evaluation of
long-term effects. Furthermore, the absence of 6-month
follow-up data for the healthy control group restricts our
ability to differentiate whether microvascular changes ob-
served in the ADHD group were directly related to MPH
treatment or resulted from natural developmental processes.
Future prospective studies with larger sample sizes, inclu-
sion of healthy controls, and extended follow-up periods
are necessary to better understand the long-term effects of
MPH on retinal microvascular structures. Furthermore, al-
though the study was initially labeled as cross-sectional, its
retrospective nature—characterized by reliance on previously
recorded data and the inclusion of both within-subject (pre-
and post-treatment) and between-group (ADHD vs. control)
comparisons—more accurately reflects a retrospective study
design. This clarification has been implemented throughout
the manuscript to enhance methodological accuracy.

B CONCLUSION

In conclusion, this study demonstrates that MPH treatment
in children with ADHD significantly increases SCP and DCP
vessel density in certain regions of the macula but does not
lead to a significant change in RPCP vessel density. These
findings suggest that MPH may exert specific and regional ef-
fects on retinal microvascular circulation, whereas its impact
on optic disc perfusion appears to be limited. We propose
that OCTA may serve as a clinical monitoring tool for assess-
ing retinal vascular effects associated with MPH treatment in
individuals diagnosed with ADHD. Further comprehensive
studies are needed to better elucidate potential microvascular
changes related to MPH therapy.
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B MAIN POINTS

+ Supracondylar humerus fractures
are the most common pediatric el-
bow fractures.

* Lateral pinning and cross pinning
provide comparable radiological
and functional outcomes.

 Medial pinning may carry a risk of
ulnar nerve injury, especially when
performed without a mini incision.

» We recommend using a mini medial
incision over the medial epicondyle
to reduce ulnar nerve injury risk.
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versus cross pinning in displaced pediatric
supracondylar humerus fractures. Ann
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B ABSTRACT

Aim: The aim of this study is to compare the commonly used cross pinning and lateral pinning
techniques in the surgical treatment of pediatric supracondylar humerus fractures by evaluating
clinical and radiological outcomes.

Materials and Methods: Between 2018 and 2024, patients who had surgical treatment for Gart-
land type 3 supracondylar humerus fractures were included in the study. Patients were divided
into two groups based on the surgical technique: lateral pinning (Group 1) and cross pinning
(Group 2). Patients with a minimum folloe-up of 6 months were included in the study. Demo-
graphic data inlcuidng age, sex, side, mechanism of trauma were recorded. Clinical evaluation
was performed using Flynn’s criteria. Radiological evaluation included assessment of fracture
union, Baumann's angle and its change from 0 to 6 months, carrying angle, lateral humerocapitel-
lar angle (LHCA), and its 0 to 6-month change. Complications and additional procedures were
also recorded.

Results: Group 1 consisted of 32 patients, while Group 2 included 28 patients. The demographic
data showed no statistically significant differences between the two groups. Based on Flynn's
criteria, outcomes in Group 1 were classified as excellent in 24 (75%) patients, good in 5 (15.6%),
fairin 3 (9.4%), and none were considered poor. In Group 2, 20 (71.4%) patients achieved excel-
lent results, 7 (25%) were rated as good, 1 as fair (3.6%), and no poor outcomes were observed.
Functional outcomes were similar in both groups (p: 0.488). The groups showed comparable re-
sults in terms of both the Baumann'’s angle and its change, carrying angle, LHCA and its change.
Ulnar nerve injury developed in 2 patients in Group 2 and resolved with conservative follow-up.

Conclusion: In the management of pediatric supracondylar humerus fractures, lateral and cross
pinning techniques yield comparable clinical and radiological results. To prevent ulnar nerve
palsy in the cross-pinning technique, a mini medial incision can be used to protect the ulnar
nerve.

Keywords: Gartland, Pediatric, Pinning, Supracondylar
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B INTRODUCTION

commonly used techniques for supracondylar humerus frac-
ture fixation. Lateral pinning is favored for reducing iatro-

Supracondylar humerus fractures represent the most fre-
quent type of elbow fracture in children, comprising about
3-5% of all pediatric fractures and 50-60% of those involving
the elbow [1,2]. These fractures predominantly occur in chil-
dren aged about 6 years and are caused by low-energy trauma
[3]. Closed reduction with percutaneous pinning remains the
widely accepted method of treatment; however, the optimal
pinning configuration that provides stability and best clinical
outcomes is still debated [4].

Lateral pinning and medial-lateral crossed pinning are the two

genic ulnar nerve injury, while medial-lateral crossed pinning
is considered biomechanically superior in terms of rotational
stability [S]. Despite the biomechanical advantages of medial-
lateral crossed pinning, the risk of ulnar nerve injury remains
a major concern. Studies have reported an incidence of iatro-
genic ulnar nerve injury ranging from 2% to 15% with crossed
pinning techniques [S]. This has led many surgeons to pre-
fer lateral pinning, particularly in cases where adequate stabil-
ity can be achieved without a medial pin. However, clinical
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studies have reported comparable functional and radiological
outcomes between the two techniques [6].

The choice between lateral and crossed pinning is often in-
fluenced by fracture pattern, experience of the surgeon, and
patient-specific anatomical characteristics. In this study, we
aim to evaluate and compare the clinical outcomes of lateral
pinning and medial-lateral cross pinning in displaced pedi-
atric supracondylar humerus fractures.

B MATERIALS AND METHODS

This retrospective study was initiated with the approval of
our hospiral Ethics Committee (91 decision numbered and
18.04.2025 dated). Patients under 12 years of age who un-
derwent surgery for displaced supracondylar humerus frac-
tures between 2018 and 2024 were included. Open fractures,
Gartland type I and II fractures, fractures with concomitant
injuries, and cases requiring open reduction were excluded.
Group 1 included patients who underwent lateral pinning,
while Group 2 consisted of those treated with cross pinning.

Surgical procedure

Closed reduction was attempted in all patients, and if success-
tul, percutaneous pinning was performed. In the lateral pin-
ning group, two or three parallel or divergent K-wires were
inserted through the lateral condyle, ensuring stability. In the
crossed pinning group to all patients, after inserting two lat-
eral K-wires, the elbow was extended to less than 45° to palpate
the medial epicondyle and minimize the risk of ulnar nerve
injury before placing the medial K-wire. Additionally, the ul-
nar nerve was palpated and pushed posteriorly to protectit. If
the medial epicondyle could not be palpated due to edema, a
stab incision was made to expose the medial epicondyle for K-
wire placement. A mini medial incision was performed in 10
patients due to local edema obscuring anatomical landmarks
(Figure 1).

Postoperative care and rebabilitation

All patients were immobilized with a long-arm brace postop-
eratively. Pin site dressings were performed every 2-3 days.
At the 4™ week, the brace was removed, and passive range of
motion exercises were initiated. K-wires were removed once
callus formation was observed, typically around the 6th week,
and patients were referred to the physical therapy department
for rehabilitation.

Functional and radiological evaluation

Demographic data, including age, sex, dominant hand, mech-
anism of injury, and follow-up duration, were recorded. At
the final follow-up, range of motion and carrying angle were
measured. Functional outcomes were assessed using Flynn’s
criteria, which include two factors: cosmetic and functional.
Based on these criteria, patients were categorized as poor, fair,
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good, or excellent. Radiological evaluation included mea-
surements of Baumann’s angle and the lateral humerocapitel-
lar angle (LHCA) on postoperative radiographs. Changes
in these angles were assessed on follow-up radiographs at 6
months. Additionally, carrying angles were measured during
the latest clinical follow-up. The carrying angle describes the
angle between the axes of the arm and forearm in the coronal
plane. The Baumann angle is the angle between the longitudi-
nal axis of the humeral shaft and the physeal line of the lateral
condyle on an anteroposterior (AP) radiograph of the elbow.
The Lateral Capitellohumeral Angle (LCHA) is the angle be-
tween the longitudinal axis of the humeral shaft and the axis
of the capitellum on a lateral elbow radiograph (Figure 2).

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
version 23.0 (Armonk, NY: IBM Corp.). We used the in-
dependent samples t-test to analyze continuous variables, in-
cluding age, operative time, and radiographic angles (Bau-
mann’s angle, Lateral Humerocapitellar Angle (LHCA), and
carrying angle). Normality was assessed using the Shapiro-
Wilk test, and homogeneity of variances was evaluated with
Levene’s test. For categorical variables such as sex, dominant
side, and mechanism of injury, we used the chi-square test, ap-
plying Yates’ continuity correction for all 2x2 tables. Fisher’s
exact test was used for comparisons involving complications
due to small expected frequencies. We also compared Flynn’s
functional scores between the groups using a Pearson’s chi-
square test on a 4x2 contingency table. Additionally, a post-
hoc power analysis was conducted based on the difference
in the LHCA between the groups. The observed mean dif-
ference was 3.70 with a pooled standard deviation of 4.780,
which corresponds to a Cohen’s d effect size of 0.776. This
analysis indicated an achieved power of 83.9% at a significance
level of p<0.05, confirming that we had sufficient power to
detect meaningful differences. A p-value of less than 0.05 was
considered statistically significant.

B RESULTS

The study included 32 patients in Group 1 and 28 patients in
Group 2. The mean age of the patients was 6.99£0.87 years,
with a mean follow-up duration of 64.25+22.9 months. The
most common mechanism of injury for the majority of pa-
tients in both groups was a fall from the same level. In Group
1, 28.1% of patients had a fracture on their dominant side,
compared to 21.4% (6 patients) in Group 2. A comparison of
demographic data revealed no significant differences between

the groups (Table 1).

Functional and radiological outcomes

According to the Flynn’s criteria, 24 patients in Group 1 and
20 patients in Group 2 achieved an excellent outcome, and
no patient in either group was classified as having a poor out-
come. There was no statistically significant difference in car-
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Figure 1. a) Lateral pinning at anteroposterior elbow graphy, b) Lateral pinning at lateral eloow graphy, c) Cross pinning at anteroposterior elbow

graphy, d) Cross pinning at lateral graphy.

Figure 2. a) Baumann angle b) Lateral Capitellohumeral angle.

Table 1. Demographic data of the patients included in the study.

Group 1 (n:32) Group 2 (n:28)  Pvalue

(lateral pinning)  (cross pinning)
Age 6.8+0.9 72108 0.075
Follow-up (months) 35.25+15.2 29+17.1 0.134
Female/Male 12/20 9/19 0.871*
Dominant Side 9(28.1%) 6 (21.4%) 0.765*
Falling from height 12 (37.5%) 9(32.1%) 0.871*
Fall from the same level 20 (62.5%) 19 (67.9%) 0.871%*

* Yates corrected chi-square.

rying angles between the two groups (p=0.246). Radiologi-
cal comparisons showed that the mean Baumann’s angle was
78+3.20 in Group 1 and 78.6%3.10 in Group 2. The mean
Lateral Humerocapitellar Angle (LHCA) was 41.1£5.70 in

Group 1 and 44.8%3.60in Group 2, a difference that was not
statistically significant (p=0.179). At the 6-month follow-up,
changes in both the Baumann’s angle and LHCA were sim-
ilar between the groups (p=0.607 and p=0.146, respectively)
(Table 2).

Complications

No patient in either group experienced a nonunion. Pin-
site infections occurred in three patients in the lateral pinning
group and two patients in the cross-pinning group; all were
successfully treated with local pin-site care. Ulnar nerve in-
jury developed in two patients in Group 2 (the cross-pinning
group), with complete recovery observed during follow-up.
Both patients with ulnar nerve palsy had undergone closed
medial pinning without a mini-incision (Table 1).
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Table 2. Clinical and radiological comparison.

Group 1(n:32)  Group 2 (n:28)  Pvalue
(lateral) (cross)

Carrying angle 99124 92122 0.246
Baumann'’s angle 78+3.2 78.6 £3.1 0.465
Change in Baumann's angle 2.0:0.7 21108 0.607
LHCA 41157 448+3.6 0.179
Change in LHCA 32109 3612 0.146
Union 32 (100%) 28 (100%) 1
Flynn's score 0.488
Excellent 24 (75%) 20 (71.4%)
Good 5(15.6%) 7 (25%)
Fair 3(9.4%) 1(3.6%)
Poor 0(0.0%) 0(0.0%)
Complications
-Ulnar nerve injury 0 (0.0%) 2 (7.1%) 0.214*
-Compartman syndrome 0 (0.0%) 0 (0.0%) 1*
-Infection 3(9.4%) 2(7.1%) 1*

*Fisher’s exact test.

E DISCUSSION

In our cohort, the majority of patients shared similar demo-
graphic characteristics and trauma mechanisms, which were
primarily low-energy falls from the same level. This finding
is consistent with previous reports highlighting the frequent
occurrence of supracondylar humerus fractures in young chil-
dren due to low-energy falls [7-9]. Most patients in both
groups sustained fractures on their non-dominant side, and
there was no significant difference in laterality between the
groups. This finding aligns with prior studies that show no
significant dominance-related difference in the distribution of
these pediatric fractures.Functional outcome evaluations, us-
ing Flynn’s criteria, revealed no significant difference between
the two groups. The majority of patients in both groups
achieved excellent results, reflecting the overall success of both
surgical techniques. This is consistent with other studies re-
porting comparable functional outcomes with both methods
despite their biomechanical differences [10, 11]. The absence
of any patients with poor outcomes further supports the ef-
fectiveness of both techniques when applied appropriately.

The decision to use two or three lateral pins was based on an
intraoperative assessment of fracture stability. In most cases,
two divergent lateral pins provided sufficient fixation, espe-
cially when the medial cortex remained intact after reduction.
However, a third lateral pin was inserted to enhance mechani-
cal stability in fractures exhibiting medial comminution, rota-
tional instability, or inadequate purchase with only two pins.
This approach is supported by studies indicating that two
properly placed lateral pins can offer comparable biomechani-
cal strength to cross-pinning in certain fracture types [12,13].
Nevertheless, in unstable or high-grade Gartland type III frac-
tures, additional fixation may be necessary to prevent loss of
reduction. Therefore, the pin configuration should be cus-
tomized based on the specific fracture pattern and intraoper-
ative findings.
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From a radiological standpoint, we found no significant dif-
ferences in the Baumann angle or the Lateral Humerocapitel-
lar Angle (LHCA) between the groups. The Baumann an-
gle, a key measure for assessing distal humerus alignment, was
similar in both groups and fell within the expected range for
optimal alignment. Similarly, the LHCA, which evaluates
the relationship between the humeral shaft and the capitel-
lum, showed no significant difference at initial presentation
or at the 6-month follow-up. Our results are consistent with a
meta-analysis by Zhao et al., which found no difference in the
Baumann angle between the two techniques [14]. Yawar etal.
similarly reported that both the Baumann angle and LHCA
were within normal limits and comparable between groups
[15]. A meta-analysis by Na et al. also concluded that both
techniques provided comparable radiological healing [16].

Our study’s complication rates were low, with no instances of
nonunion in either group. Pin-site infections were relatively
uncommon and were successfully managed with local care,
which is consistent with findings in the literature [17]. Ulnar
nerve injury, a well-known concern with the medial pinning
technique, was reported in two patients in the cross-pinning
group. In both cases of transient ulnar nerve palsy, serial neu-
rological assessments were performed at one, three, and six
weeks postoperatively. Both patients achieved a full recovery
by three months without the need for surgical intervention.
Although patient compliance can be a concern in pediatric
populations, clinical symptoms were clearly documented by
both the surgical team and the parents, minimizing the risk
of misclassification. Some authors suggest that exploration
of the ulnar nerve may be warranted in cases of closed medial
pinning if symptoms persist beyond 3 to 6 weeks [18]. How-
ever, in our experience, conservative observation is often suf-
ficient for mild neurapraxia without motor deficits or wors-
ening signs. Revision surgery, such as pin removal or reposi-
tioning, should be considered only when symptoms do not
resolve or if clinical deterioration is observed.

The most notable finding from our study is the potential
for a mini-incision over the medial epicondyle to reduce the
risk of ulnar nerve injury during cross-pinning. This tech-
nique allows for better visualization of anatomical landmarks
and should be considered in challenging cases with significant
edema. Our findings support those of Umar Hasan etal., who
recommended lateral pinning, noting the higher risk of ul-
nar nerve injury with cross-pinning despite similar functional
outcomes [19]. Similarly, a meta-analysis by Xing et al. of 19
randomized controlled trials reported an increased incidence
of ulnar nerve injury with cross-pinning [20]. The fact that
no ulnar nerve injuries occurred in our lateral pinning group

highlights a primary advantage of this technique.

Limitations

Our study has several limitations. First, it is a retrospective
study, lacking both randomization and a large sample size.
Additionally, the variation in the number of pins used be-
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tween groups may have influenced mechanical stability and
could potentially affect outcomes. Future prospective, ran-
domized studies with larger patient cohorts are needed to con-
firm our findings.

E CONCLUSION

Both lateral and cross-pinning techniques yield similar radi-
ological and functional outcomes. To reduce the risk of ul-
nar nerve injury during cross-pinning, we recommend using
a stab incision over the medial epicondyle.
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E MAIN POINTS B ABSTRACT
» Posterior lingual abscesses exhib-
ited larger diameters (27.43+11.64

Aim: Lingual abscesses are rare but potentially serious infections of the tongue, with
limited data available in the literature. This study aimed to compare the clinical, radio-

mm) and significantly longer hospital
stays (9.29+1.89 days) than anterior
abscesses.

Surgical drainage markedly reduced
WBC count by day 5 (9.31£2.59 vs
13.27+4.48, p=0.039) and shortened hos-
pitalization (7.08+1.49 vs 10.0041.82
days, p=0.005).

Rim enhancement on contrast-enhanced
computed tomography did not correlate
with abscess size, inflammatory markers,
or length of stay (p>0.05).

S. agalactiae and other viridans strep-
tococci predominated among cultured
pathogens.

Early, localization-specific, multidisci-
plinary management optimizes outcomes
in lingual abscess patients.

logical, and laboratory features of anterior and posterior lingual abscesses and evaluate
the impact of drainage on patient outcomes.

Materials and Methods: This retrospective case series included 17 patients diagnosed
with lingual abscess between February 2019 and March 2025. Patients were categorized
based on anatomical localization (anterior vs. posterior). Demographic data, symptoms,
laboratory values (WBC, CRP, etc), computed tomography findings, treatment modalities,
and outcomes were analyzed. Subgroup comparisons were performed based on abscess
location, drainage status, and rim enhancement.

Results: Of the 17 patients, 10 had anterior and 7 had posterior abscesses. Posterior ab-
scesses were larger and associated with significantly longer hospital stays (p = 0.004).
Drainage was associated with significantly shorter hospitalization (p = 0.005) and greater
reduction in white blood cell counts by day 5 (p = 0.046). Rim enhancement on computed
tomography was not significantly associated with clinical or laboratory outcomes. Strep-
tococcus species were the most commonly isolated pathogens. No major complications
or airway interventions were required.

Conclusion: Posterior lingual abscesses demonstrate a more severe clinical course than
anterior abscesses. Surgical drainage is associated with improved inflammatory markers
and faster clinical recovery. Rim enhancement alone may not reliably reflect disease
severity. These findings support the importance of early diagnosis and individualized
management based on anatomical location and clinical progression.
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B INTRODUCTION

Lingual abscesses are infrequent but significant pathological
conditions that primarily affect the parenchyma of the tongue
and are typically of an infectious origin [1,2]. Research on lin-
gual abscesses in the literature is exceedingly limited, predom-
inantly comprising sporadically published case reports [2,3],
with approximately 50 reports over the past three decades.
This paucity of data has resulted in a significant gap in knowl-
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edge, leading to variability in diagnostic practices and lingual
abscess treatment strategies. Although early diagnosis and ap-
propriate treatment can reduce morbidity and mortality rates,
the absence of comprehensive data on this condition compli-
cates its clinical management [1].

Lingual abscesses are typically categorized into two primary
types based on their anatomical location: anterior and poste-
rior [1]. These distinct localizations contribute to consider-

https://doi.org/10.5455/annalsmedres.2025.05.133


https://annalsmedres.org/index.php/aomr/article/view/4862
https://annalsmedres.org/index.php/aomr/issue/view/169
https://annalsmedres.org
https://orcid.org/0000-0002-4145-8339
https://orcid.org/0000-0001-7992-0974
https://orcid.org/0000-0002-0570-9735
https://orcid.org/0000-0002-3023-919X
https://orcid.org/0000-0002-4708-9749
https://orcid.org/0000-0003-0771-7373
https://orcid.org/0000-0002-0020-6493
https://doi.org/10.5455/annalsmedres.2025.05.133
https://doi.org/10.5455/annalsmedres.2025.05.133
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.5455/annalsmedres.2025.05.133

Bulut KS. et al.

able differences in clinical presentations, diagnostic method-
ologies, and therapeutic strategies [1,2]. In particular, the di-
agnosis of posterior lingual abscesses poses greater diagnostic
challenges and is associated with a heightened risk of airway
obstruction, often necessitating prompt medical intervention
[4,5]. Anterior lingual abscesses are usually associated with
trauma (e.g., biting or foreign bodies), whereas posterior ab-
scesses more often result from underlying conditions, such as
infected thyroglossal cysts or lingual tonsillitis. Poor oral hy-
giene, dental infections, immunosuppression, and chronic to-
bacco use are additional risk factors [1,2,6-8].

Accurate diagnosis requires detailed history, examination,
and often contrast-enhanced CT, especially for posterior ab-
scesses and deep neck involvement [5,8,9]. The management
of lingual abscesses mainly focuses on securing the airway, per-
forming abscess drainage, and administering appropriate an-
tibiotic therapy [1,2,6]. Airway management is of paramount
importance, especially in cases of posterior abscesses or in pa-
tients exhibiting respiratory distress [1,6]. Abscess drainage
may be accomplished through surgical incision and drainage
or needle aspiration, with broad-spectrum antibiotics being
essential for effective treatment [1,5,6,10].

This study was designed to offer comprehensive data on the
differentiation, prognosis, and management of lingual ab-
scesses, addressing the limited information currently available
in the literature. By filling existing gaps in the literature, the
findings will contribute to the enhancement of management
strategies for patients with lingual abscesses.

E MATERIALS AND METHODS
Study population

The Institutional Scientific and Ethical Review Board ap-
proved this retrospective case series under approval number
(TABED 2-25-1131). This single-center, observational study
reviewed data from patients diagnosed with a lingual abscess
between February 2019 and March 2025 at the ENT Depart-
ment of a tertiary referral center.

Although the literature on lingual abscess is limited, the mini-
mum required sample size for this study was determined based
on previously published case series and systematic reviews.
A large effect size (Cohen’s d = 1.2) was assumed for com-
parisons between anterior and posterior groups. The sample
size was calculated using a significance level (alpha) of 0.05
and a power (1-3) of 0.80. According to the power analysis
conducted with G*Power software (version 3.1.9.6), at least 7
cases per group (a total of 14 cases) would be sufficient to de-
tect a statistically significant difference between groups. The
final study population included 17 patients, categorized into
two groups based on anatomical localization: anterior lingual
abscess (n = 10) and posterior lingual abscess (n = 7), thus
meeting the required sample size. Written informed consent
was obtained from all participants prior to their participation
in the study.
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Data collection and variables

Patient data, including demographic characteristics (age, gen-
der, smoking history, and comorbidities), clinical presenta-
tion, radiological findings, laboratory results, microbiologi-
cal culture data, treatment modalities, and clinical outcomes,
were retrospectively retrieved from electronic medical records.
Each case was categorized by abscess localization as either an-
terior or posterior lingual abscess. Anatomical distinction be-
tween anterior and posterior lingual abscesses was determined
using the sulcus terminalis as the dividing line, with the fora-
men cecum at its apex serving as a reference point. Abscesses
located anterior to the terminal sulcus were classified as ante-
rior lingual abscesses, whereas those posterior to this anatom-
ical landmark were classified as posterior lingual abscesses.

The assessed clinical variables included symptoms at presenta-
tion (e.g., sore throat, dysphagia, trismus, and dyspnea), hos-
pitalization duration, and drainage status (performed vs not
performed). Radiological parameters included the maximum
abscess diameter and the presence or absence of rim enhance-
ment on contrast-enhanced computed tomography.

Laboratory parameters, including white blood cell count
(WBC), neutrophil count, lymphocyte count, large unstained
cells (LUC), and C-reactive protein (CRP) levels, were evalu-
ated on admission (day 0) and day S of hospitalization. All
laboratory data were obtained using validated automated an-
alyzers. Additionally, microbiological culture results from
drained abscess material were recorded where available.

To identify differences in clinical course, laboratory trends,
and outcomes, comparative analyses were performed between
anterior and posterior lingual abscess groups, patients who
underwent drainage and those who did not, and patients with
and without rim enhancement on CT imaging.

Laboratory analysis

C-reactive protein (CRP) levels were measured using the Atel-
lica CH C-reactive protein_2 (CRP_2) method on Siemens
Atellica CI AutoAnalyzer systems via turbidimetric analysis.
CBC results were obtained using the Siemens ADVIA 2120i
hematology AutoAnalyzer systems.

Statistical analysis

Statistical analysis of the data obtained in the study was per-
formed using IBM SPSS Statistics for Windows, Version 29.0
(IBM Corp., Armonk, NY, USA). Continuous variables were
expressed as mean + standard deviation (SD), whereas cate-
gorical variables were expressed as frequencies and percentages
(%). The Shapiro-Wilk test was used to assess the normality
of the distribution of continuous variables. For normally dis-
tributed data, the homogeneity of variances between groups
was evaluated using Levene’s test for equality of variances. If
the variances were equal, the independent samples t-test was
applied; otherwise, the results from the adjusted t-test were
reported. Fisher’s exact test was used to compare categorical
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Table 1. Comparison of Demographic, Clinical, Radiological, and Treatment Characteristics Between Anterior and Posterior Lingual Abscess Groups.

Anterior lingual abscess Posterior lingual abscess p value
group (n=10) group (n=7)
Age, y (mean t SD) 50.90+7.85 54.71£14.18 0.486
. Female 3(30) 2 (28.5)
Sex,n (%) Male 7 (70) 5(71.5) ns
. . Yes 9.(90) 4(57.1)
Smoking status, n (%) No 1(10) 3 (42.9) 0.250
Neck pain - 1(14.2)
Sore throat 8 (80) 6 (85.7)
Odinophagia 6 (60) 5(71.5)
Dysphagia 9 (90) 7 (100)
Clinical presentation, n (%) Fewer 1(10) 1(14.2)
Dyspnea 1(10) 1(14.2)
Trismus - 2 (28.5)
Neck swelling - 1(14.2)
Restricted cervical mobility - 1(14.2)
Maximum diameter of abscess, mm (mean t SD) 18.70 + 8.82 27.43 +11.64 0.098
Length of stay, day (mean + SD) 6.7+1.25 9.29+1.89 0.004
) 0 Successful 8 (80) 5(71.4)
Result of drainage attempt, n (%) Unsuccessful 2(20) 2(28.6) ns
Amount of drainage, mL (mean t SD) 2.50+1.69 3.60+ 2.88 0.399
Idiopathic 7(70) 4(57.1)
Odontogenic 1(10) 1(14.2)
Etiology, n (%) Surgery/trauma 2 (20) -
Acute tonsillitis - 1(14.2)
Epiglottitis - 1(14.2)
Ns: Non-Significant.
Table 2. Comparison of Radiological and Clinical Characteristics Between Drained and Non-Drained Lingual Abscess Groups.
Non-drained lingual abscess Drained lingual abscess p value
group (n=4) group (n=13)
Rim enhancement on CT, n (%)
Presence 1(25) 9(69.2) 0.250
Absence 3(75) 4(30.8) '
Length of Stay, day (mean + SD) 10.00 £ 1.82 7.08+1.49 0.005
Maximum diameter of abscess, mm (mean t SD) 14.75+2.63 24.62+11.21 0.011
variables. A p-value of <0.05 was considered statistically sig- Clinical findings

nificant.

B RESULTS
Demographic findings

A total of 17 patients were included in this study. Of these, 10
(58.8%) and 7 (41.2%) patients were categorized in the ante-
rior and posterior lingual abscess groups, respectively. There
was no statistically significant difference in the mean age be-
tween the anterior and posterior groups (50.90 * 7.85 years
vs. 54.71 * 14.18 years, respectively, p=0.486). Gender distri-
bution was similar between the groups, with 30% females and
70% males in the anterior group and 28.5% females and 71.5%
males in the posterior group (p=1.000). Although smoking
was more prevalent in the anterior group (90% vs. 57.1%), the
difference was not statistically significant (p = 0.25) (Table 1).

The most common presenting symptoms in both groups were
sore throat (80% in the anterior group and 85.7% in the pos-
terior group) and dysphagia (90% and 100%, respectively).
Additional clinical features such as trismus (28.5%), neck
swelling (14.2%), and limited cervical motion (14.2%) were
more frequently observed in the posterior group than in the
anterior group (Table 1).

Radiological findings

The posterior group had a larger average abscess diameter
(27.43 + 11.64 mm) than the anterior group (18.70 £ 8.82
mm), although this difference was not statistically signifi-
cant (p=0.098). On contrast-enhanced computed tomogra-
phy, rim enhancement was more frequently observed in the
drained abscess group (69.2%) than in the non-drained ab-
scess group (25%), but this difference was not statistically sig-
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Table 3. Admission (d0) and Day 5 (d5) Laboratory Results of Lingual Abscesses by Anterior and Posterior Locations, Rim Enhancement Presence,
and Drainage Status.

Anterior lingual abscess group (n=10) Posterior lingual abscess group (n=7)

mean + SD mean + SD p value
WBC (40 12.60£2.01 15.42+4.16 0.136
WBC (45) 8.8813.16 12.20+£2.97 0.046
Neutrophile (4o 9.57+2.41 12.20 + 4.89 0.226
Neutrophile (4, 5.17 +3.07 8.53 +3.40 0,051
Lymphocyte (4, 2.12+0.85 2.08 £0.83 0.93
Lymphocyte (45 2.71+0.95 2.8211.48 0.855
LUC (4 0.13 +0.054 0.17 £+ 0.081 0.242
LUC (45) 0.16 £ 0.03 0.16 £ 0.05 0.976
CRP (4g) 39.89 +21.52 74.93 + 47.89 0.105
CRP (g5 13.25+8.65 25.58 +21.13 0.115

Rim enhancement presence on CT (n=11) Rim enhancement absence on CT (n=6)

mean + SD mean + SD p value
WBC (4 13.37+3.21 14.47 + 3.62 0.528
WBC (45 9.78 +3.19 11.10 £ 3.98 0.465
Neutrophile (4, 10.23 + 3.50 11.44+4.39 0.542
Neutrophile (4, 5.85+2.97 7.84 +4.40 0.283
Lymphocyte (o) 2.09+0.83 2.11+0.87 0.962
Lymphocyte (g5 2.92+1.35 2.4610.68 0.362
LUC (49 0.1410.063 0.15+0.079 0.755
LUC (45) 0.17 £ 0.047 0.1310.029 0.046
CRP (4g) 63.24 + 42.05 37.95412.42 0.176
CRP (45 18.18 £18.16 18.60 £ 11.64 0.960

Non-drained lingual abscess group (n=4) Drained lingual abscess group (n=13)

mean + SD mean + SD p value
WBC (¢ 14.6313.14 12.65+4.29 0.411
WBC (45) 13.27 +4.48 9.31+2.59 0.039
Neutrophile (4 11.90 + 3.49 9.43+4.54 0.337
Neutrophile (4, 10.19 + 4.81 5.43 1227 0.141
Lymphocyte (4o 1.72+0.77 2.22+0.82 0.308
Lymphocyte (45 1.9310.54 3.01+1.18 0.103
LUC (4 0.13 +0.054 0.17 + 0.081 0.921
LUC (45) 0.16 £ 0.06 0.16 £ 0.04 0.894
CRP (4g) 44.57 + 45.36 49.62 + 40.89 0.835
CRP (45 19.12 + 30.64 13.47 £10.77 0.564

Abbreviations: WBC, White Blood Cell; LUC, Large Unstained Cells; CRP, C-reactive protein;CT Computer Tomography. The units of the WBC, Neutrophil,
Lymphocyte, and LUC parameters are x10%/ L, and the unit of CRP is mg/L.

Table 4. Difference in Laboratory Results of Lingual Abscesses by Anterior and Posterior Locations, Rim Enhancement Presence, and Drainage Status
Between Admission (d0) and Day 5 (d5).

Difference WBC (4g.45) Difference Neutrophile (4.4s) Difference CRP (4q.45)
mean  SD p value mean + SD p value mean + SD p value
Anterior lingual abcess group (n=10) 3.72+2.13 0.369 3.45+2.39 0.489 22.6 £16.5 0.211
Posterior lingual abcess group (n=7) 3.22+3.96 ' 3.39+5.29 ’ 39.4+499 ‘
Non-drained lingual abscess group (n=4) 1.36+1.48 0.046 2.34+3.36 0.259 15.4+19.10 0.18
Drained lingual abscess group (n=13) 418 £2.96 : 3.76 £ 3.87 ’ 33.84 +39.97 ’
Rim enhancement presence on CT (n=11) 3.59+2.92 0.886 3.01+3.19 0.550 38.66 + 37.42 0.138
Rim enhancement absence on CT (n=6) 3.37+3.17 ’ 4.18+4.72 ’ 12.75119.60 '

Abbreviations: WBC, White Blood Cell; CRP, C-reactive protein; CT Computer Tomography. The units of the WBC, Neutrophil, Lymphocyte, and LUC parameters are
x10°/L, and the unit of CRP is mg/L.

nificant (p=0.25). When rim enhancement was evaluated in ~ Similarly, the maximum abscess diameter was comparable
relation to clinical parameters, the mean length of hospital =~ between rim enhancement-positive and -negative patients
stay was 7.36 £ 1.80 days in rim enhancement-positive pa- ~ (22.18 + 10.36 mm vs. 22.50 + 12.27 mm, p=0.576) (Ta-
tients and 8.50 £ 2.25 days in rim enhancement-negative pa- ~ ble 2) (Figure 1). In one patient, both pre- and posttreat-
tients, without a statistically significant difference (p=0.273).  ment contrast-enhanced CT images were available, demon-
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Table 5. Microbial culture results in lingual abscess cases. (Figure 2).

Pathogens observed in cases of lingual abscesses n (%) Clinical course and treatment

No proliferation 4(23.5) Patients with posterior lingual abscess had a significantly
No culture 4(23.5) longer hospital stay (9.29 + 1.89 days vs. 6.7 + 1.25 days,
g‘ jg;izgtsﬁs 21((151 87)) p=0.004). Drainage was attempted with similar success rates
S Constellatus 1 (5:8) in both groups (anterior group, 80%; posterior group, 71.4%;
S. Hominis 1(5.8) p = 1.000). Patients who underwent drainage had signifi-
g' g;;;f}ugra”s 1 Egg; cantly larger mean abscess diameters than those who did not
S Pneumoniae 1 (5:8) (24.62 £ 11.21 mm vs. 14.75 + 2.63 mm, p=0.011). Addi-
S. Intermedius 1(5.8) tionally, the length of hospital stay was significantly shorter in

Figure 1. A contrast-enhanced axial computed tomography image show-
ing a tongue abscess (arrow) characterized by a hypodense lesion with
peripheral rim enhancement on the tongue.

Figure 2. (A) Contrast-enhanced axial computed tomography image ob-
tained before treatment shows a hypodense abscess with enhancement
of the peripheral rim of the tongue (arrow). (B) Axial CT demonstrates
near-complete resolution of the abscess on the ninth day after drainage
(arrow).

strating marked abscess resolution following surgical drainage

patients who underwent drainage than in those who did not
(7.08 £ 1.49 days vs. 10.00 * 1.82 days, p = 0.005). Although
the mean volume of drained abscess material was higher in the
posterior group (3.60 £ 2.88 mL vs. 2.50 + 1.69 mL), the dif-
ference was not statistically significant (p =0.399) (Table 1).

Etiological findings

The most common etiology of the abscess was idiopathic in
both groups (70% in the anterior group, 57.1% in the pos-
terior group). While infectious causes, such as acute ton-
sillitis and epiglottitis, were more common in the posterior
group, trauma and odontogenic infections were more fre-
quently identified in the anterior group (Table 1).

Laboratory findings

Comparison between anterior and posterior lingual abscess groups

White blood cell (WBC) and neutrophil counts at admission
(day 0) were higher in the posterior group than in the anterior
group (WBC: 15.42 + 4.16 vs. 12.60 * 2.01, p=0.136; neu-
trophils: 12.20 + 4.89vs. 9.57 £ 2.41, p=0.226), but these dif-
ferences were not statistically significant. On day 5, however,
the posterior group had significantly higher WBC counts
(12.20 £2.97 vs. 8.88 £ 3.16, p=0.046). Although the neu-
trophil counts also showed an increasing trend in the poste-
rior group, the statistical significance was marginal (p=0.051).
Lymphocyte and large unstained cell (LUC) counts were sim-
ilar between the groups (p>0.05). CRP levels were higher in
the posterior group on days 0 and 5 (CRP day 0: 74.93 £
47.89 vs. 39.89 + 21.52, p=0.105), but these differences were
not statistically significant (Table 3).

Comparison between patients with and without rim enhancement

When patients with rim enhancement on CT were compared
with those without, no statistically significant differences in
WBC, neutrophil, or CRP levels were observed on either day
0 or day S (p>0.05). However, day 5 LUC values were sig-
nificantly lower in patients without rim enhancement (rim
enhancement present: 0.17 £ 0.047, absent: 0.13 % 0.029,
p=0.046) (Table 3).

Comparison between patients with and without drainage

On day 5, WBC counts were significantly lower in patients
who underwent drainage (9.31 £ 2.59 vs. 13.27 + 4.48,
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p=0.039). There were no statistically significant differences
in other laboratory parameters (neutrophils, lymphocytes,
LUC, CRP) between patients who did and did not undergo
drainage (p>0.05) (Table 3).

Changes in laboratory parameters (Comparison between days
Oand 5)

When comparing changes in WBC, neutrophil, and CRP
levels between the anterior and posterior groups from day
0 to day S, no statistically significant differences were ob-
served (p>0.05). However, a significant difference was ob-
served in the change in WBC levels between patients who un-
derwent drainage and those who did not. The reduction in
WBC count was more pronounced in patients who under-
went drainage (4.18 + 2.96 vs. 1.36 £ 1.48, p=0.046). No
significant differences in neutrophil or CRP changes were ob-
served between the groups.

No significant differences were observed in laboratory param-
eter changes based on the presence of rim enhancement (Ta-

ble 4).

Microbiological culture results

According to the microbiological culture results from the ab-
scess material, 23.5% of the samples showed no growth, and
cultures were not obtained in another 23.5% of cases.

Among the positive cultures, S. agalactiae was the most
frequently isolated pathogen (11.7%). Other Streptococ-
cus species, including Streptococcus anginosus, Streptococ-
cus constellatus, Streptococcus hominis, Streptococcus mi-
tis/oralis, Streptococcus salivarius, Streptococcus pneumo-
niae, and Streptococcus intermedius, were isolated in 5.8% of

samples (Table 5).

H DISCUSSION

This study comprehensively evaluated the clinical, radiologi-
cal, and laboratory characteristics of lingual abscesses accord-
ing to their anterior and posterior localizations, the impact
of drainage procedures on clinical outcomes, and the distri-
bution of microbiological pathogens. Our findings demon-
strated that lingual abscesses exhibit different clinical courses
based on their anatomical localization, directly influencing
clinical decision-making and management strategies.

Posterior lingual abscesses had larger dimensions and signif-
icantly longer hospital stays than anterior abscesses. The
anatomical proximity to the base of the tongue renders poste-
rior abscesses particularly hazardous regarding potential air-
way obstruction, thus necessitating prioritized clinical inter-
vention. This observation aligns with reports in the literature
from various case studies and small patient series [6]. Buen-
dia et al reported that patients with posterior lingual abscesses
frequently required emergent intubation and experienced de-
lays in diagnosis. Our study objectively addresses these clini-
cal risks, demonstrating significantly larger abscess diameters
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and extended hospital stays in the posterior group than in the
anterior group.

The significant decrease in WBC levels observed in patients
undergoing drainage suggests rapid suppression of the sys-
temic inflammatory response following the removal of in-
fected material. Additionally, the notably shorter hospi-
tal stay in patients who underwent drainage indicates that
drainage positively impacts not only laboratory parameters
but also clinical recovery. This finding closely corresponds
with Brook’s (2004) concept of "early recovery through
source control” [11,12]. Numerous studies have highlighted
the critical role of early drainage in the successful management
of head and neck infections [13,14].

Our study revealed that the presence of rim enhancement
on contrast-enhanced CT scans, although commonly used to
support abscess diagnosis, did not show a significant corre-
lation with clinical severity or improvement in inflammatory
laboratory markers. This suggests that rim enhancement may
reflect the abscess” morphological features without necessar-
ily indicating its clinical behavior or prognosis. In contrast,
Liu et al. demonstrated that rim enhancement was signifi-
cantly associated with positive surgical drainage in pediatric
retropharygeal abscess, emphasizing its potential role as a ra-
diologic predictor of purulence rather than systemic severity.
These diftering findings may reflect anatomical and pathologi-
cal distinctions between lingual and retropharyngeal abscesses
and underscore the need for disease-specific imaging criteria in
abscess evaluation [11].

The microbiological culture results revealed no microbial
growth in 23.5% of the samples, whereas cultures were not
obtained in another 23.5%. Among the positive cultures,
Streptococcus agalactiae and other viridans group strepto-
cocci (e.g., S. mitis, S. oralis, and S. salivarius) were the most
frequently isolated pathogens. This distribution suggests that
lingual abscesses are predominantly derived from the oral
flora. Brook (2002) highlighted streptococci and anaero-
bic bacteria as common causative agents in lingual and ad-
jacent tissue abscesses, recommending beta-lactam/lactamase
inhibitor combinations and agents such as clindamycin for
empirical therapy [12]. Our inability to employ anaerobic
culture techniques represents a limitation; however, even the
aerobic flora data provide valuable guidance for treatment
planning.

The multidisciplinary approach is especially crucial in cases
of posterior lingual abscess, which may present with nonspe-
cific symptoms and are often difficult to detect on physical ex-
amination alone. Early collaboration between otolaryngolo-
gists, anesthesiologists, and radiologists facilitates timely diag-
nosis and safe management of patients with cancer. Advanced
imaging and endoscopic assessment are essential in guiding
drainage procedures in the clinical setting, minimizing com-
plications, and optimizing patient outcomes.
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Limitations

This study is presented as a retrospective case series due to
the rare nature of lingual abscesses and the small sample size.
The statistical power for subgroup analyses is limited, and the
clinical significance of subgroup comparisons should be in-
terpreted with caution. The retrospective and single-center
design further restricts the generalizability of our results. Al-
though our findings provide valuable insights into the clinical
course and management of lingual abscesses, larger prospec-
tive multicenter studies are needed to confirm these observa-
tions and better define the clinical relevance of subgroup dif-
ferences.

B CONCLUSION

In conclusion, a multidisciplinary approach is essential for the
diagnosis and management of lingual abscess. In cases with
posterior localization, airway monitoring must be prioritized,
and urgent drainage and imaging support should be provided
when necessary. Drainage procedures significantly reduce the
inflammatory response and shorten hospital stays. Although
radiological findings, such as rim enhancement, can support
diagnosis, clinical and laboratory data should primarily guide
treatment decisions. Detailed microbiological analysis is cru-
cial for targeted antibiotic therapy. Considering the limited
data available in the literature, advanced prospective and mul-
ticenter studies on lingual abscess are warranted.
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B MAIN POINTS B ABSTRACT

* In a cohort with chronic cervicitis,
LSIL, and HSIL, CBC-derived indices
(Sll, NLR, PLR) showed no signifi-
cant differences across grades, lim-
iting their diagnostic/grading utility.
Multivariable logistic regression in-
dicated modest inverse associa-
tions: each unit increase in lympho-
cyte count and PLR reduced HSIL
odds by 0.2% and 2.5%, respec-
tively.

High-risk HPV genotypes (16/18)
were significantly more frequent in
HSIL than in LSIL/chronic cervicitis.

These findings suggest that sys-
temic inflammation indices alone
have limited prognostic value,
whereas HPV genotyping remains

Aim: This study investigated the diagnostic and prognostic potential of the Systemic Immune-
Inflammation Index (SI1), Neutrophil-Lymphocyte Ratio (NLR), and Platelet-Lymphocyte Ratio
(PLR) in cervical dysplasia, evaluating their correlation with disease presence and severity for
potential clinical applications in risk assessment and patient management.

Materials and Methods: In this retrospective study, the SlI, NLR, and PLR values were analyzed
using parameters obtained from the routine complete blood count of 215 patients whose cervi-
cal dysplasia grades were evaluated through colposcopic biopsy.

Results: HPV DNA types 16 and 18 were detected in 114 (53.0%) of 215 patients, while 101
(47.0%) tested positive for non-16/18 hr-HPV DNA types. No statistically significant differences
were observed in WBC, neutrophil, platelet, lymphocyte, SlI, NLR, and PLR values across the
chronic cervicitis, LSIL (low-grade squamous intraepithelial lesion), and HSIL (high-grade squa-
mous intraepithelial lesion) groups (p < 0.05). However, logistic regression analysis for HSIL
risk identified lymphocyte count (OR = 0.998) and PLR (OR = 0.975) as significant predictors,
where a one-unit increase in each was associated with a 0.2% and 2.5% decrease in the odds of
HSIL, respectively.

Conclusion: SlI, NLR, and PLR values in diagnosing or grading the presence or severity of cer-
vical dysplasia, indicating that these systemic inflammatory markers alone may have limited
value as diagnostic or prognostic tools. Further validation through larger prospective studies is
warranted to more comprehensively elucidate the role of these markers.

more clinically informative.

Systemic immune-inflammation index (Sll), Platelet-lymphocyte ratio,
Keywords: Neutrophil-lymphocyte ratio, Complete blood count, Cervical intraepithelial
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B INTRODUCTION

Cervical cancer is the fourth most common cancer among
women worldwide [1]. Globally, it remains a significant cause
of mortality, accounting for over 300,000 female deaths an-
nually [2]. Infection with Human Papilloma Virus (HPV)
is implicated in approximately 99% of cervical cancer cases
[3]. The development of most of these cancers is attributed
to persistent infection with high-risk HPV genotypes, includ-
ing HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and
66 [4]. HPV types 16 and 18 are responsible for over 70%
of cervical cancer diagnoses [4]. While the majority (approxi-

mately 90%) of HPV infections undergo spontaneous regres-
sion within 1-3 years [3], persistent infection, facilitated by vi-
ral integration into the host cell genome and mechanisms that
evade immune surveillance, can lead to the progression of cer-
vical lesions from preneoplastic conditions (CIN2-3) to inva-
sive cervical carcinoma. Approximately 10% of women with
HPV infection exhibit signs of oncogenic transformation of
the cervix [5].

The crucial role of the local immune response to HPV infec-
tion in the pathogenesis of cervical intraepithelial neoplasia

https://doi.org/10.5455/annalsmedres.2025.05.117
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(CIN) lesions has long been recognized [6]. The binding of
the major L1 capsid protein to heparan sulfate proteoglycans
on the keratinocyte surface initiates HPV entry into host cells
[7]. The early viral genes, particularly E6 and E7, are expressed
following cellular entry. These oncoproteins target and inac-
tivate the tumor suppressor proteins p53 and pRb [8], lead-
ing to cell cycle dysregulation. In hr-HPV infections, viral
DNA often integrates into the host genome, disrupting the
E2 gene and overexpressing E6 and E7 oncoproteins [9]. This
genomic instability contributes to the accumulation of cellu-
lar abnormalities that progress through stages of precancerous
lesions: CIN1 (mild dysplasia), CIN2 (moderate dysplasia),
and CIN3 (severe dysplasia/carcinoma in situ). According to
the Lower Anogenital Squamous Terminology (LAST) clas-
sification, CIN1 is categorized as a low-grade squamous in-
traepithelial lesion (LSIL), whereas CIN2 and CIN3 are clas-
sified as high-grade squamous intraepithelial lesions (HSIL)
[10,11]. Despite extensive research into the dynamics of CIN
regression, persistence, and progression, morphologic assess-
ment alone cannot reliably predict the clinical outcome of
these lesions.

Emerging evidence strongly suggests that systemic inflamma-
tion may also play a significant role in CIN pathogenesis and
progression [12]. Systemic inflammation is increasingly rec-
ognized as a key factor in various chronic diseases, includ-
ing the development of precancerous lesions and their pro-
gression to cancer. The potential of chronic inflammation
to drive carcinogenesis is a widely accepted concept; however,
sustained inflammatory processes may be critical in malignant
transformation and tumor development [13].

The number of inflammatory cells and platelets in the sys-
temic circulation and indices derived from their ratios are
considered important indicators of the systemic immune
response to cancer [14]. Studies have indicated that the
Systemic Immune-Inflammation Index (SII), Neutrophil-to-
Lymphocyte Ratio (NLR), and Platelet-to-Lymphocyte Ra-
tio (PLR) are associated with poor prognosis in various solid
tumors and correlate with tumor size, stage, and lymph node
metastasis [15].

However, the current data regarding the association between
systemic inflammation and CIN lesions are inconsistent, ne-
cessitating further investigation. This study was based on the
hypothesis that changes in systemic inflammatory markers—
specifically the SII, NLR, and PLR —reflect the progression
of CIN; therefore, these indices could serve as accessible and
cost-eftective tools for distinguishing between grades of cervi-

cal dysplasia.

B MATERIALS AND METHODS

This retrospective, observational, cross-sectional study en-
rolled 215 patients who underwent colposcopic biopsy at
Cengiz Gokgek Obstetrics and Gynecology Hospital and
Kirikkale Yuksek Ihtisas Hospital between February 2022 and
October 2024. The study protocol received ethical approval
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from the Ethics Committee of Kirikkale University (decision
date: 2025.03.12, decision number: 2025.03.07). This study
was conducted and reported in accordance with the STROBE
guidelines for cross-sectional studies.

The study included women aged 30-65 years who had an
indication for colposcopic examination based on abnormal
PAP smear (Thin-prep) screening results or positive high-risk
HPV DNA (HC2; Qiagen, Hilden, Germany) test results.
Colposcopy-guided biopsies were classified as either HSIL or
LSIL according to the LAST criteria [10]. The study groups
were established based on the pathological findings: patients
with chronic cervicitis (n = 98), patients with CIN 1 biopsy
results (LSIL, n = 63), and patients with CIN 2 and 3 biopsy
results (HSIL, n = 54). Routine blood samples were collected
on the biopsy day. Participants were managed according to
the American Society for Colposcopy and Cervical Pathology
guidelines [16], with follow-up or surgical intervention deter-
mined by the colposcopic biopsy results. All accessible and
eligible patient records within the study period were analyzed.

Exclusion criteria encompassed patients with acute and
chronic inflammatory diseases, hematologic disorders, a his-
tory of cancer, prior radiotherapy or chemotherapy, the use
of anti-inflammatory, immunosuppressive, or anticoagulant
agents, and other sexually transmitted infections .

Hematological indices were calculated from complete blood
count data. The NLR was calculated by dividing the abso-
lute neutrophil count by the absolute lymphocyte count. The
PLR was calculated by dividing the absolute platelet count by
the absolute lymphocyte count. The SII was calculated using
the following formula: (platelet count x neutrophil count) /
lymphocyte count.

Statistical analysis

Statistical analyses were performed using the IBM SPSS Statis-
tics, Version 27.0 (IBM Corp., Armonk, NY, USA) pack-
age program. Descriptive statistics were presented as mean +
standard deviation (SD) or median with interquartile range
(IQR), depending on data distribution. The normality of
distribution was assessed using visual inspection and the

Shapiro—-Wilk test.

For normally distributed continuous variables with homo-
geneity of variance (tested by Levene’s test), one-way analy-
sis of variance (ANOVA) was applied to compare the differ-
ences among the three groups. For nonnormally distributed
variables or in case of unequal variances, the Kruskal-Wallis
H test was used. The categorical variables were compared
using Pearson’s chi-square test. To evaluate the relationship
between hematological parameters and the risk of HSIL and
LSIL, we performed binary logistic regression analysis (Back-
ward LR method). Assumptions for logistic regression, in-
cluding log-odds linearity and multicollinearity, were tested
and met.
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Table 1. Association between HPV genotypes and the severity of cervical dysplasia.

Variables LSIL (n=63)o HSIL (n=54)o Chronic cervicitis (n =098) Statistical analysis*
n % n % n %o

HPV types

HPV 16-18 31 49.2 39 72.2 44 449 x2=10.957

Types other than HPV16-18 32 50.8 15 27.8 54 55.1 p=0.004

*Pearson-x* crosstabs.

Table 2. Comparative analysis of quantitative findings across study groups.

LSIL (n=63) HSIL (n=54) Chronic cervicitis (n = 98) - -
Parameters X4S.S XLS.S X4S.S Statistical analysis
Age (years) 45.59+10.17 43.8918.78 44.94+9.98 x2=0.668
p=0.716
Hemoglobin(g/dL) 12.7611.47 12.7611.62 13.07£1.36 x2=2.231
p=0.328
WBC(mcL) 7410.48+2016.32 7589.44+2026.98 7545.71£1811.63 F=0.145
p=0.865
Neutrophil(mcL) 4519.68+1476.55 4714.07+1740.86 4554.0841341.01 x2=0.187
p=0.911
Platelet (103/uL) 284904.76+71273.38 284925.93+82030.79 295948.98+56656.38 F=0.700
p=0.498
Lymphocyte(meL) 2171.75+722.12 2170.56+565.95 2317.45+691.34 F=1.264
p=0.285
NLR 2.2840.98 2.2610.96 2.1340.93 x2=1.846
p=0.397
PLR 141.90448.21 137.75447.36 140.85153.94 x2=0.286
p=0.867
Sli 644273.69+319708.65 640145.43+322440.51 632410.59+306284.63 x2=0.010
p=0.995

WBC: White blood cell, NLR: Neutrophil-Lymphocyte Ratio, PLR: Platelet-Lymphocyte Ratio, SII: Systemic Immune-Inflammation Index. *For data exhibiting a normal
distribution, the statistics of the "ANOVA" test (F-statistic) was employed for the comparison of measurement values across three or more independent groups. For data
not conforming to a normal distribution, the statistics of the "Kruskal-Wallis H" test (x*-statistic) were used for the comparison of measurement values among three or more
independent groups.

Table 3. Analysis of factors influencing the LSIL probability using binary logistic regression.

95 percent confidence interval (OR)

Parameters B S.H. Wald s p OR

Lower Upper
Age (years) 0.013 0.016 0.691 1 0.406 1.013 0.982 1.046
Hemoglobin(g/dL) -0.094 0.108 0.756 1 0.384 0.91 0.738 1.124
WBC(mcL) 0.001 0.000 0.762 1 0.383 1.000 1.000 1.001
Neutrophil(mcL) -0.001 0.000 2.457 1 0.117 0.999 0.998 1.000
Platelet(10%/uL) 0.000 0.000 0.214 1 0.644 1.001 1.000 1.000
Lymphocyte(mcL) 0.000 0.001 0.239 1 0.625 1.001 0.998 1.001
NLR 0.759 0.807 0.884 1 0.347 2.135 0.439 10.381
PLR -0.014 0.013 1.230 1 0.267 0.986 0.962 1.011
Sl 0.001 0.001 0.071 1 0.790 1.001 1.000 1.000
Constant 0.871 2.815 0.096 1 0.757 2.389

CCR: 70.7% [Hosmer-Lemeshow Test x°=3.771; p=0.877]. WBC: White blood cell, NLR: Neutrophil-Lymphocyte Ratio, PLR: Platelet-Lymphocyte Ratio, SII: Systemic

Immune-Inflammation Index.

Table 4. Analysis of factors influencing the HSIL probability using binary logistic regression.

Parameters B SH. Wald s b OR 95 percent confidence interval (OR)

Lower Upper
Lymphocyte(mcL) -0.002 0.001 5.441 1 0.020 0.998 0.997 0.999
PLR -0.026 0.012 4.892 1 0.027 0.975 0.953 0.997
Constant 3.440 1.872 3.377 1 0.046 31.196

CCR: 74.9% [Hosmer-Lemeshow Test x’=97.90; p=0.280]. PLR: platelet-to-lymphocyte ratio.
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B RESULTS

Analysis of the age distribution across the study groups re-
vealed mean ages of 44.94+9.98 years in the chronic cervicitis
group, 45.59+10.17 years in the LSIL group, and 43.89+8.78
years in the HSIL group. No significant difference in age was
observed between the groups (p = 0.716). Regarding HPV
DNA typing, 114 cases tested positive for HPV types 16 and
18, whereas 101 cases tested positive for high-risk HPV types
other than 16/18. Specifically, 32 (50.9%) patients with LSIL
and 54 (55.1%) patients with chronic cervicitis tested posi-
tive for high-risk HPV types other than 16/18, whereas 39
(72.2%) patients with HSIL tested positive for HPV 16-18.
A statistically significant association was found between the
study groups and HPV types (p < 0.05) (Table 1).

Comparison of the chronic cervicitis, LSIL, and HSIL
groups revealed no statistically significant differences in age,
hemoglobin, white blood cell count (WBC), neutrophil
count, platelet count, lymphocyte count, NLR, PLR, and SII
values (p > 0.05) (Table 2).

Logistic regression analysis to assess the risk of LSIL indicated
that none of the included parameters had a significant effect
on LSIL status (p > 0.05) (Table 3). In contrast, logistic regres-
sion analysis for HSIL risk identified lymphocyte count and
PLR as significant parameters (p < 0.05). A one-unit increase
in lymphocyte count was associated with a 0.2% decrease in
the odds of HSIL (OR = 0.998). Similarly, a one-unit in-
crease in PLR was associated with a 2.5% decrease in the odds
of HSIL (OR = 0.975) (Table 4).

B DISCUSSION

Given the growing interest in inflammation-related biomark-
ers for cervical disease assessment, this study examined the
utility of systemic immune-inflammation indices—namely
SII, NLR, and PLR—in differentiating histopathological
grades of cervical dysplasia in HPV-positive patients. De-
spite analyzing a well-defined cohort using colposcopic biopsy
data, we observed no significant differences in routine inflam-
matory parameters across chronic cervicitis, LSIL, and HSIL
groups. However, logistic regression analysis revealed that
higher lymphocyte count and PLR were inversely associated
with HSIL risk, suggesting a possible protective role or im-
mune response modulation.

The increasingly acknowledged role of chronic inflammation
in cervical carcinogenesis warrants attention [12]. Immune
inflammation indices offer potential clinical utility as readily
accessible parameters that reflect the systemic inflammatory
milieu. A body of evidence suggests a possible correlation be-
tween these indices and the severity and prognosis of cervical
lesions [17,18].

The significant role of inflammatory indices in the pathogene-
sisand clinical trajectory of cervical cancer and advanced-stage
dysplasia has been substantiated in the existing literature. Af-
sar et al. reported significantly elevated inflammatory indices
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in individuals diagnosed with cervical cancer, proposing their
potential as diagnostic adjuncts for distinguishing malignant
status [19]. Similarly, Lima et al. demonstrated an associa-
tion between elevated NLR levels and diminished overall and
disease-free survival in invasive cervical neoplasia, concluding
that NLR could serve as an independent adverse prognosti-
cator [20]. Moreover, studies [21-23] have identified NLR
and WBC count as potential prognostic markers for predict-
ing recurrence risk following excisional procedures in patients
with CIN, highlighting the central role of systemic inflamma-
tion in CIN recurrence post-LEEP and the utility of preop-
erative NLR levels as a robust independent prognostic factor
for recurrence after surgical excision of CIN. These cumula-
tive findings underscore the importance of the inflammatory
response in the clinical management of cervical cancer and its
precursor lesions, and highlight the potential clinical applica-
tions of inflammatory indices. No significant association in
low-grade dysplasia (LSIL) within our cohort supports the hy-
pothesis that inflammatory markers may play a more promi-
nent role in disease progression or in more advanced stages.

Mantoani et al. evaluated data from 51 patients with low-
and high-grade squamous intraepithelial lesions, employing
colposcopic image analysis to quantify lesion areas and exam-
ine corresponding laboratory parameters. Their analysis re-
vealed an inverse correlation between lesion area and NLR (r
=-0.446,P=0.001), PLR (r=-0.438,P =0.001), and absolute
leukocyte count (r =-0.351, P = 0.011) across the entire CIN
patient cohort. Furthermore, they established an optimal le-
sion area cutoff of 21.019 pixels squared (58.87 mm squared)
for predicting the absence of residual lesions in patients with
CIN 2/3 undergoing excisional surgery [24]. Although our
study did not identify significant intergroup differences in in-
flammatory indices, the findings of Mantoani et al. lend cre-
dence to the notion that CIN represents a systemic pertur-
bation potentially manifesting as alterations in NLR, PLR,
and leukocyte counts. Conversely, Tas et al. suggested that
while NLR and PLR may aid in differentiating precancerous
cervical pathologies from overt cervical cancer, their utility in
predicting LSIL and HSIL appears limited [25]. Consistent
with this, Kiigiikyurt and Cetin reported no significant varia-
tions in inflammatory indices such as NLR and PLR among
the CIN I, CIN II, and CIN III groups [26]. The lack of sig-
nificant differences in SII, NLR, and PLR values across the
groups in our study suggests that when considered in isola-
tion, these markers may not possess sufficient discriminatory
power for the diagnosis of cervical dysplasia.

The results of our logistic regression analysis regarding HSIL
risk indicated a significant influence of both lymphocyte
count and PLR (p < 0.05). Specifically, a 0.2% reduction in
the odds of HSIL was associated with each unit increment in
lymphocyte count (OR = 0.998). Similarly, each unit increase
in PLR value correlated with a 2.5% reduction in HSIL odds
(OR = 0.975). These observations imply that the systemic
inflammatory response plays a complex role in the develop-
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ment of advanced cervical intraepithelial neoplasia. A study
assessing the prognostic value of preoperative PLR levels and
HR-HPV infection in predicting HSIL recurrence following
LEEP at 3- and 5-year intervals demonstrated that elevated
PLR levels and HR-HPV infection were associated with an
increased risk of HSIL recurrence/residual disease, suggesting
their potential as markers for clinical management [27]. Con-
ventionally, a low lymphocyte count and elevated PLR are as-
sociated with an unfavorable prognosis in certain malignan-
cies [28,29]. However, the inverse relationship observed in
our study warrants further investigation to elucidate the un-
derlying mechanisms contributing to these unexpected find-
ings. This counterintuitive association may be attributed to a
complex immune response, where a higher lymphocyte count
could reflect an effective antiviral or antitumoral activity. Sim-
ilarly, an elevated PLR within a certain physiological range
might signal a reactive thrombopoietic state rather than a pro-
tumorigenic process. These hypotheses warrant further ex-
perimental validation.

The significant association between HPV type and lesion
grade in our study reinforces the well-established understand-
ing that more severe lesions are associated with high-risk
HPV types, particularly HPV 16/18. The interplay between
HPV infection and inflammation is multifaceted. Bilir et
al demonstrated significantly higher hematological inflamma-
tory markers, such as SIRI and NLR, in women with persis-
tent HPV infection, suggesting their potential utility in pre-
dicting persistent HPV infection [30]. Hammes et al. showed
a positive correlation between macrophage infiltration in the
cervical epithelium and the progression and transformation
of CIN lesions to cancer, with inflammation intensity corre-
lated with lesion grade [31]. Kemp etal. reported elevated sys-
temic pro-inflammatory cytokine levels in women with per-
sistent HPV infection [32]. Trinchieri posits that HPV in-
fection may initiate inflammatory pathways in later stages,
thereby facilitating tumor progression [33]. This observation
provides a readily available parameter for enhanced surveil-
lance of patients with persistent HPV infection for cervical
cancer prevention. No significant association was found be-
tween SII, NLR, PLR, and varying CIN grades in our study,
suggesting that these markers may not be sufhiciently reliable
as standalone diagnostic tools for low-grade cervical dyspla-
sia. This implies a potential limitation in the utility of these
indices for routine screening or primary diagnostic purposes
in clinical practice. However, the observed inverse relation-
ship between lymphocyte count and PLR with HSIL risk in
logistic regression warrants continued scrutiny. The signif-
icant association between HPV type and lesion grade, cou-
pled with the higher prevalence of HPV 16/18 positivity in
the HSIL group, aligns with existing literatiire. Typing in risk
stratification emphasizes the necessity of implementing HPV
type-specific follow-up and management algorithms in clini-
cal practice [34]. This study has certain limitations, including
its retrospective design, which may impact the generalizability
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of the findings. Additionally, the sample size for some sub-
group analyses may be limited. Future studies should adopt
prospective, longitudinal designs, include larger and more di-
verse populations, and consider incorporating molecular or
immunological biomarkers alongside hematological indices
to enhance diagnostic precision.

B CONCLUSION

Future studies should adopt a prospective and multidimen-
sional design to better elucidate the clinical utility of hema-
tological inflammatory markers in cervical dysplasia. There-
fore, multimodal approaches, integrating inflammatory in-
dices with other clinical and pathological factors, may provide
amore holistic perspective in the management of cervical dys-
plasia.
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B MAIN POINTS B ABSTRACT

This study provides a direct comparison
between antegrade and retrograde nerve-
sparing techniques in open radical prosta-
tectomy.

The retrograde approach was associated
with reduced operative time and shorter
hospitalization.

The antegrade approach resulted in lower
intraoperative blood loss, indicating supe-
rior hemostatic control.

Despite similar surgical margin rates, bio-
chemical recurrence was more frequent in
the antegrade group, likely due to a higher
prevalence of high-grade tumors. Postop-
erative continence, erectile function, and
anastomotic stricture rates were compara-
ble between groups.

Both techniques are safe and effective; sur-
gical approach should be selected based
on tumor characteristics and surgeon ex-

Aim: To compare perioperative, oncological, and functional outcomes between ante-
grade and retrograde nerve-sparing techniques in open radical prostatectomy (ORP).

Materials and Methods: This retrospective study included 278 patients who underwent
open radical prostatectomy (ORP) performed by a single surgeon between 2016 and
2025. Patients were divided based on the nerve-sparing approach: antegrade (n=90) or
retrograde (n=188). Demographic characteristics, perioperative variables, pathological
outcomes, biochemical recurrence (BCR), urinary continence, and erectile function were
evaluated. Multivariable logistic regression analysis was used to determine independent
predictors of BCR.

Results: Retrograde ORP demonstrated a shorter operative time compared with the an-
tegrade technique (151.1 vs. 166.5 minutes, p<0.001), whereas the antegrade group was
associated with lower intraoperative blood loss (437 vs. 517 mL, p=0.047). Biochemical
recurrence was significantly higher in the antegrade group (33.3% vs. 18.8%, p=0.008).
Postoperative functional outcomes, including urinary continence (p=0.524) and erectile
function (p=0.230), were comparable between the groups. In multivariable logistic re-
gression, the retrograde approach independently reduced the risk of biochemical recur-
rence (OR 0.38; 95% Cl: 0.19--0.76; p=0.0058).

Conclusion: It is evident that both techniques are safe and effective in ORP. The retro-
grade approach was associated with more favourable oncological outcomes, whereas the
antegrade technique provided better intraoperative hemostasis. The choice of surgical
approach should be individualized based on tumor characteristics and surgeon expertise.

pertise.
Keywords:

Cite this article as: Ozcan S, Tekinaslan H,
Kose O, Yorulmaz EM, Gorgel SN, Akin Y. A
comparative study of nerve-sparing techniques
in open radical prostatectomy: Antegrade versus
retrograde. Ann Med Res. 2025;32(11):499--505.
doi: 10.5455/annalsmedres.2025.05.119.

Prostatectomy, Nerve-sparing, Prostate cancer, Open surgery,
Biochemical recurrence
Received: May 16, 2025 Accepted: Sep 05,2025 Available Online: Nov 25, 2025

Copyright © 2025 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.

B INTRODUCTION

Radical prostatectomy (RP) remains a standard curative treat-
ment for clinically localized prostate cancer, offering durable
oncological control and long-term survival benefits [1]. Cur-
rently, RP can be performed through three main surgical
modalities: open radical prostatectomy (ORP), laparoscopic
radical prostatectomy (LRP), and robot-assisted laparoscopic
prostatectomy (RALP). Minimally invasive approaches, par-
ticularly RALP, have gained popularity due to shorter recov-

ery, lower blood loss, and improved cosmesis. However, their
adoption is limited by high costs, steep learning curves, and a
lack of availability in low-resource settings [2,3]. Therefore,
ORP remains a relevant and accessible surgical option, partic-
ularly in healthcare systems with limited access to advanced

Technologies [4].

In this context, ORP continues to be a viable and widely
performed surgical option. Despite technological advances,
functional complications such as erectile dysfunction (ED)

https://doi.org/10.5455/annalsmedres.2025.05.119


https://annalsmedres.org/index.php/aomr/article/view/4882
https://annalsmedres.org/index.php/aomr/issue/view/169
https://annalsmedres.org
https://orcid.org/0000-0002-2459-139X
https://orcid.org/0000-0001-9106-0495
https://orcid.org/0000-0003-4912-2597
https://orcid.org/0000-0003-2109-2015
https://orcid.org/0000-0001-7628-1249
https://orcid.org/0000-0001-7627-3476
https://doi.org/10.5455/annalsmedres.2025.05.119
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.5455/annalsmedres.2025.05.119

Ozcan S. et al.

and urinary incontinence remain major concerns following
RP. Preservation of the neurovascular bundles (NVBs) is criti-
cal for maintaining postoperative continence and sexual func-
tion. Several factors influence functional outcomes, includ-
ing nerve-sparing technique, surgeon experience, and patient-
specific anatomy [5]. Two principal NVB preservation tech-
niques have been described in ORP: the antegrade approach,
which dissects from base to apex, and the retrograde ap-
proach, which proceeds in the opposite direction [6,7]. Both
aim to minimize NVB trauma, but data comparing their rel-
ative efficacy is limited and inconclusive, particularly in open
surgery.

Additionally, advances in surgical energy devices such as the
Harmonic scalpel have improved hemostasis and reduced col-
lateral tissue injury, potentially enhancing outcomes in nerve-
sparing procedures [8]. Nonetheless, few studies have directly
compared antegrade and retrograde nerve-sparing techniques
using standardized surgical methods and instrumentation.

This study aims to compare the perioperative, oncologi-
cal, and functional outcomes of antegrade versus retrograde
nerve-sparing techniques in ORP. All procedures were per-
formed with a consistent technique and energy device, min-
imizing confounding factors and enhancing the reliability of
comparisons.

E MATERIALS AND METHODS
Study design and surgical technique

This retrospective study analyzed a cohort of 278 pa-
tients who underwent open radical prostatectomy (ORP)
at Atatiirk Training and Research Hospital between 2016
and 2025. Patients were stratified into two groups based
on the nerve-sparing technique employed: antegrade (n=90)
or retrograde (n=188). To ensure procedural consistency,
all operations were performed by a single urologist using a
standardized surgical method and the Harmonic scalpel for
hemostasis. During the study period, neither laparoscopic
nor robotic-assisted radical prostatectomy was available, mak-
ing ORP the exclusive surgical approach for all patients. The
study protocol was approved by the Non-Interventional Clin-
ical Research Ethics Committee of Izmir Katip Celebi Uni-
versity Faculty of Medicine (Approval No: 2025/0172; Date:
March 2025).

The nerve-sparing approach was chosen intraoperatively by
the surgeon, based on anatomical factors such as prostate size,
apical configuration, and vascular pattern. Therefore, the
study was not randomized. Tumor grade and stage were not
used to determine the surgical approach. This may introduce
selection bias, but the use of a single surgeon, uniform tech-
nique, and consistent instrumentation minimizes variability
and enhances comparability. This is discussed in the discus-
sion section.
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Patient selection and data collection

The inclusion criteria were as follows: prostate adenocarci-
noma, radical prostatectomy performed at our institution,
complete clinical and follow-up data, and a preoperative IIEF-
S score of at least 21. Exclusion criteria were prior pelvic
surgery, metastatic disease, neoadjuvant therapy, or missing
data.

Demographic and clinical variables recorded included age,
body mass index (BMI), preoperative PSA, and presence of
diabetes. Operative data included surgical technique, op-
erative time, estimated blood loss, transfusion requirement,
and length of hospital stay. Oncological parameters included
biopsy and postoperative ISUP grade, Gleason score, surgical
margin status, biochemical recurrence, duration of follow-up,
and overall survival.

Since the present study compared the outcomes of two nerve-
sparing techniques in patients who underwent nerve-sparing
radical prostatectomy; the patients who received non-nerve-
sparing surgery were excluded to ensure comparable results in
terms of complications such as postoperative erectile function
and incontinence.

Definitions and outcome measures

Urinary continence was defined as needing one protective
pad per day. Erectile function was evaluated using the ITEF-
S questionnaire, with scores <12 indicating significant dys-
function. Biochemical recurrence (BCR) was defined as a
PSA level >0.2 ng/mL confirmed by two consecutive mea-
surements. Disease-free survival was defined as the interval
from surgery to either BCR or the latest follow-up.

Statistical analysis

All statistical procedures were conducted using the IBM SPSS
Statistics for Windows, Version 25.0 (Armonk, NY: IBM
Corp.). The distribution of continuous variables was tested
using the Kolmogorov—Smirnov test.
made using the Mann—Whitney U test or independent sam-
ples t-test. Categorical variables were analyzed using Pearson’s

Comparisons were

chi-square test. A p-value less than or equal to 0.05 was con-
sidered statistically significant.

Independent predictors of biochemical recurrence were iden-
tified using a multivariable logistic regression model. This
included surgical approach (retrograde vs. antegrade), pre-
operative PSA, pathological ISUP grade, age, diabetes mel-
litus, and BMI. The model provided odds ratios (ORs) and
95% confidence intervals. All independent variables were en-
tered simultaneously into the multivariable logistic regression
model (enter method).

A post-hoc power analysis was conducted to confirm sufh-
cient statistical power. This analysis used G*Power version
3.1, applying the Demidenko method for logistic regression.
It found an observed OR of 0.38 for surgical approach, an
event rate of 33%, and a total sample size of 278. The power
was calculated as 0.86 (o = 0.05).
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Table 1. Demographic, operative, oncological, and functional outcomes in the nerve-sparing radical prostatectomy groups. Continuous variables are
expressed as median (interquartile range) for non-normally distributed data or mean + SD for normally distributed data. Categorical variables are

presented as number of patients (percentage within group).

Parameter Antegrade group (n=90) Retrograde group (n=188) p value
Demographic Data

Age (years) 65.89 £ 5.70 65.79 £ 6.23 0.880
Body Mass Index (kg/m?) 26.31+2.89 25.7413.75 0.035
Preoperative PSA (ng/mL) 11.04£9.54 1213 £+ 14.76 0.783
Diabetes Mellitus * 20 (22.20%) 24 (12.70%) 0.214
Operative Findings

Operation Time (minutes) 160 (145-180) 148 (130-175) <0.001
Intraoperative Blood Loss (mL) 430 (360-510) 510 (420-620) 0.047
Blood Transfusion required * 10 (11.10%) 30 (16.00%) 0.090
Hospital Stay (days) 7(5-10) 6 (4-8) 0.042
Oncological Outcomes

Positive Surgical Margin * 35(38.90%) 63 (33.70%) 0.397
Biochemical Recurrence * 30 (33.30%) 35(18.80%) 0.008
Overall Survival (alive) * 84 (93.30%) 176 (94.10%) 0.799
Functional Outcomes

Urinary Incontinence * 35(38.60%) 65 (34.50%) 0.524
Erectile Dysfunction * 87 (96.70%) 175 (93.10%) 0.230
Anastomotic Stricture * 20 (22.20%) 33 (17.60%) 0.354

* Variables analyzed by Chi-square test are indicated with an asterisk. Non-normally distributed continuous variables were compared using the Mann—Whitney U test. A p

<0.05 was considered statistically significant.
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Figure 1. Postoperative pathological ISUP grade distribution in the antegrade (blue) andretrograde (red) groups. The chart depicts the percentage of
patients in each group who hadfinal pathology ISUP grades 1 through 5. A significantly higher fraction of tumors were ISUPgrade 5 in the antegrade
group, whereas the retrograde group had more grade 2 tumors (Chi-square p = 0.026). Data are expressed as percentages.

Prior to the multivariable logistic regression, multicollinear-
ity among the independent variables was assessed. No signifi-
cant collinearity was detected, and all variance inflation factor
(VIF) values were below 2.5.

B RESULTS

A total of 278 patients were included in the study, with 90 un-
dergoing antegrade prostatectomy versus 188 undergoing ret-

501

rograde open radical prostatectomy. Demographic and base-
line clinical characteristics were comparable between the two
groups. The mean age was approximately 66 years, and preop-
erative PSA levels did not differ significantly. The retrograde
group had a slightly lower BMI (25.74 vs. 26.31 kg/m’, p =
0.035). The prevalence of diabetes mellitus was similar (22.2%
vs. 12.7%, p = 0.214).

From a surgical perspective, the retrograde approach demon-
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Figure 2. Distribution of biopsy Gleason scores in the antegrade (blue) and retrograde (red) groups. The percentage of patients with Gleason score
6,7,8,9,0r 10 on biopsy is shown foreach surgical group. Both the antegrade and retrograde approaches yielded similar Gleasonscore distributions
at diagnosis (p>0.20), with over half of patients in each group having Gleason 6 disease on initial biopsy.

strated some advantages. It was associated with a shorter op-
erative time (151.1 vs. 166.5 minutes, p < 0.001), although
the antegrade approach resulted in lower intraoperative blood
loss (437 vs. 517 mL, p = 0.047). There were more blood
transfusions in the retrograde group (16.0% vs. 11.1%), but
this was not significant (p = 0.090). The length of hospital
stay was longer in the antegrade group (7.4 vs. 6.5 days, p =
0.042).

The median follow-up period was 62 months (range:
12-109) in the antegrade group and 59 months (range:
13-108) in the retrograde group. Oncological outcomes are
summarised in Table 1. The rate of positive surgical mar-
gins was similar (38.9% vs. 33.7%, p = 0.397). However,
more cases of biochemical recurrence occurred in the ante-
grade group (33.3% vs. 18.8%, p = 0.008). Overall survival
was excellent and comparable (93.3% vs. 94.1%, p = 0.799).

Postoperative functional outcomes were similar (Table 1).
The prevalence of urinary incontinence (>2 pads/day) was
38.6% in the antegrade group and 34.5% in the retrograde
group (p = 0.524). Erectile dysfunction rates were high in
both groups (96.7% vs. 93.1%, p = 0.230). Anastomotic stric-
ture occurred in 22.2% of the antegrade group and 17.6% of
the retrograde group (p = 0.354).

Table 2 presents the distribution of biopsy and pathological
Gleason and ISUP grades. Biopsy Gleason and ISUP grades
did not differ significantly between groups (p = 0.207 and
p = 0.169, respectively). In contrast, postoperative patho-
logical ISUP scores demonstrated a significant difference (p
= 0.026). The retrograde group had a higher proportion of
intermediate-grade disease (notably ISUP 2), while the ante-
grade group exhibited a greater prevalence of high-grade tu-
mors (notably ISUP 5) (Table 2 and Figure 1).

Similarly, the postoperative Gleason score distribution
showed a non-significant trend toward higher grade tumors
(scores 9-10) in the antegrade group (p = 0.086). These find-
ings suggest that the retrograde technique may be associated
with a more favorable pathological grade distribution despite

comparable biopsy findings (Figure 2).

A multivariable logistic regression analysis was conducted to
determine independent predictors of biochemical recurrence
(Table 3). Pathological ISUP grade (OR = 2.01; 95% CI:
1.57-2.61; p <0.001), preoperative PSA level (OR = 1.06;
95% CI: 1.03-1.09; p = 0.0003), and surgical approach (OR =
0.38; 95% CI: 0.19-0.76; p = 0.0058) were identified as signif-
icant predictors of recurrence. Age showed a borderline asso-
ciation (OR = 1.06; 95% CI: 0.99-1.11; p = 0.052), while di-
abetes mellitus and BMI were not associated with recurrence
(p = 0.45 and p = 0.57, respectively). Notably, the surgical
approach was coded as 0 = antegrade (reference) and 1 = ret-
rograde; thus, the retrograde technique was associated with a
62% reduction in the odds of biochemical recurrence.

A post-hoc power analysis using G*Power version 3.1 (Demi-
denko method for logistic regression) demonstrated an
achieved power of 0.86 (ot = 0.05), based on an observed odds
ratio of 0.38, an event rate of 33%, and a total sample size of
278, indicating sufficient statistical power for the observed ef-
fect.

1 DISCUSSION

This study offers a direct comparison between the ante-
grade and retrograde nerve-sparing techniques in open radical
prostatectomy, an area with limited comparative data in the
existing literature. Our results highlight that each technique
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Table 2. Distribution of biopsy and postoperative Gleason scores and
ISUP grades in antegrade and retrograde groups.

Score category Antegrade group Retrograde group
Biopsy Gleason Score

Gleason 6 (3+3) 41 (46.10%) 98 (53.00%)
Gleason 7 (3+4) 23 (25.80%) 51 (27.60%)
Gleason 7 (4+3) 10 (11.20%) 22 (11.90%)
Gleason 8 (4+4) 7 (7.90%) 9 (4.90%)
Gleason 9 (4+5) 6 (6.70%) 3 (1.60%)
Gleason 9 (5+4) 1(1.10%) 2 (1.10%)
Gleason 10 (5+5) 1(1.10%) 0 (0.00%)
Biopsy ISUP Grade

ISUP 1 40 (45.50%) 98 (52.40%)
ISUP 2 27 (30.70%) 53 (28.30%)
ISUP 3 9(10.20%) 24 (12.80%)
ISUP 4 6 (6.80%) 9 (4.80%)
ISUP 5 6 (6.80%) 3 (1.60%)
Postoperative Gleason

Gleason 6 (3+3) 27 (30.30%) 53 (28.60%)
Gleason 7 (3+4) 24 (27.00%) 71 (38.40%)
Gleason 7 (4+3) 17 (19.10%) 32(17.30%)
Gleason 8 (3+5) 1(1.10%) 0 (0.00%)
Gleason 8 (4+4) 2(2.20%) 10 (5.40%)
Gleason 9 (4+5) 3(3.40%) 7 (3.80%)
Gleason 9 (5+4) 11 (12.40%) 9 (4.90%)
Gleason 10 (5+5) 4 (4.50%) 3 (1.60%)
Postoperative ISUP

ISUP 1 27 (30.30%) 54 (28.70%)
ISUP 2 24 (27.00%) 71 (37.80%)
ISUP 3 17 (19.10%) 34 (18.10%)
ISUP 4 5(5.60%) 17 (9.00%)
ISUP 5 16 (18.00%) 12 (6.40%)

*ISUP: International Society of Urological Pathology. Percentages are calculated out
of the number of patients with available data in each group. Denominators vary
slightly across categories due to missing data. There were no significant between-
group differences in biopsy Gleason or biopsy ISUP distributions (p>0.05); the post-
operative ISUP distribution differed significantly between groups (p = 0.026).

Table 3. Multivariate logistic regression model predicting biochemical
recurrence.

Variable Odds Ratio (OR)  95% Confidence Interval  p-value
Pathological ISUP 2.01 (1.57 - 2.61) <0.001
Preoperative PSA 1.06 (1.03 -1.09) 0.0003
Surgical Approach’ 0.38 (0.19--0.76) 0.0058
Age 1.06 (0.89 - 1.00) 0.052
Diabetes Mellitus 0.73 (0.31-1.66) 0.45

BMI 0.97 (0.88 - 1.07) 0.57

presents distinct advantages and limitations across periopera-
tive, oncologic, and functional outcomes.

The antegrade approach was associated with a significantly
longer mean operative time (166.5 £ 32.2 vs. 151.1 £ 49.8
minutes, p <0.001), potentially reflecting the careful dissec-
tion along anatomical planes and the stepwise vascular con-
trol that defines this technique, including early ligation of the
prostatic pedicles and delayed division of the dorsal venous
complex (DVC) [9-11]. Notably, the antegrade group ex-
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hibited significantly less intraoperative bleeding compared to
the retrograde group (437 + 142 mL vs. 517 + 188 mL, p
= 0.047). While transfusion requirements did not reach sta-
tistical significance, they were numerically lower in the an-
tegrade group (11.1% vs. 16.0%, p = 0.090). This may be
attributed to earlier exposure and control of venous struc-
tures during antegrade dissection, facilitating more effective
hemostasis in line with previous reports [12,13]. Despite im-
proved bleeding control, patients in the antegrade group ex-
perienced a slightly longer hospital stay (7.4 £ 3.95 vs. 6.5 £
2.75 days, p = 0.042). Although this difference is statistically
significant, its clinical relevance may be minimal, possibly re-
flecting a marginally slower immediate recovery. Importantly,
aside from a lower body mass index in the retrograde group
(25.74 £ 3.75 vs. 26.31 £ 2.89, p = 0.035), both groups were
demographically similar, suggesting that perioperative differ-
ences likely stem from surgical technique rather than patient-
related factors.

Oncologic efficacy appeared largely comparable between the
two techniques. Positive surgical margin rates were similar
(38.9% antegrade vs. 33.7% retrograde, p = 0.397), consistent
with prior studies suggesting that nerve-sparing technique
whether antegrade or retrograde does not compromise mar-
gin status or oncologic control [14,15]. However, the ante-
grade group showed a significantly higher rate of biochemi-
cal recurrence (33.3% vs. 18.8%, p = 0.008), despite similar
margin positivity. This discrepancy may be explained by dif-
ferences in tumor characteristics; the antegrade cohort had a
higher proportion of high-grade tumors on final pathology,
with ISUP grade 5 observed more frequently (18.0% vs. 6.4%,
p =0.026). Thus, the increased biochemical recurrence in the
antegrade group may reflect a greater tumor burden rather
than inadequate surgical clearance. Furthermore, the retro-
grade technique may allow for finer dissection near the pro-
static apex and neurovascular bundles, enabling more com-
plete excision of malignant tissue in anatomically challenging
areas [14].

These findings indicate that both techniques remain viable
options in the surgical management of localized prostate can-
cer, each with specific advantages: the antegrade technique of-
fers better hemostasis, while the retrograde technique is asso-
ciated with lower biochemical recurrence potentially due to
enhanced apex dissection or a lower incidence of high-grade
disease.

Rates of anastomotic stricture were comparable between
groups, suggesting similar long-term safety. The equiva-
lent stricture rates and survival outcomes support the notion
that both nerve-sparing approaches are safe and oncologically
sound when performed by experienced surgeons [16-18].
Postoperative functional outcomes were also similar between
techniques, with no statistically significant differences in con-
tinence or erectile function. Urinary incontinence (defined
as >2 pads/day) affected 38.6% of patients in the antegrade
group and 34.5% in the retrograde group (p = 0.524), which
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aligns with the wide variation in continence rates reported in
the literature (ranging from 30-69%) (5). Erectile dysfunc-
tion was prevalent in both groups, as expected in this patient
population. Clinically significant erectile dysfunction (IIEF-
S <12) was observed in 96.7% of antegrade and 93.1% of ret-
rograde patients (p = 0.230), reflecting the inherent challenge
of nerve preservation in open surgery and the strict definition
employed. Nonetheless, a slight clinical trend favoring the ret-
rograde group was observed in both continence and potency
rates. This may be due to more delicate nerve-sparing at the
apex with the retrograde technique, possibly facilitating bet-
ter preservation of the neurovascular bundles and improved
functional recovery.

Supporting this notion, Ko et al. found that a retrograde
nerve-sparing technique in robotic prostatectomy yielded sig-
nificantly better early potency recovery without affecting con-
tinence [15]. Likewise, de Carvalho et al. reported improved
functional outcomes with a modified retrograde approach
that preserved the dorsal vein complex during robotic prosta-
tectomy[14]. Our findings are in line with these observations:
although not statistically significant in our cohort, the retro-
grade technique appears atleast equivalent and potentially ad-
vantageous when functional outcomes are a clinical priority.

Our multivariable analysis highlighted that both pathologi-
cal ISUP grade and preoperative PSA level were significant
predictors of biochemical recurrence. Notably, even after ad-
justing for these variables, the retrograde surgical approach re-
mained independently protective, reducing the risk of recur-
rence by 62%, and thereby suggesting a potentially favorable
oncologic impact. Although age demonstrated borderline sig-
nificance, neither diabetes mellitus nor BMI were predictive.
Furthermore, the robustness of these findings was supported
by a post-hoc power analysis (power = 0.86, o = 0.05), con-
firming the adequacy of the sample size for the observed ef-
fect.

All procedures were performed by an experienced surgeon us-
ing standardized techniques and consistent instrumentation,
minimizing variability. Open surgery was chosen over laparo-
scopic or robotic approaches due to the surgeon’s expertise
and procedural consistency; robotic surgery was not available
during the study period. The inclusion of a large number of
cases from a high-volume center enhanced the study’s ability
to detect clinically meaningful differences between the tech-
niques.

However, the retrospective design introduces potential bias,
particularly due to the absence of randomization and poten-
tial differences in tumor characteristics. Intraoperative deci-
sions may have been influenced by unmeasured confounders.
The surgeon’s experience likely improved over the nine-year
period, and learning curve effects were not analyzed sepa-
rately.

Functional outcomes were based on patient-reported mea-
sures (pad count, IIEF-5) without objective clinical valida-
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tion. Although patients with IIEF-S scores below 21 were ex-
cluded, documentation of preoperative erectile function was
limited. Interpretation of postoperative functional outcomes
particularly in older patients should therefore be made with
caution.

Interaction effects between covariates (e.g., surgical technique
and pathological grade) were not evaluated, which may limit
interpretation of combined influences on recurrence risk.

Finally, the findings may not be generalizable, as all surgeries
were performed by a single surgeon at a single center. While
follow-up was adequate for assessing biochemical recurrence,
longer-term data are needed to draw definitive conclusions re-
garding oncologic durability and late functional outcomes.

Conclusion

Both antegrade and retrograde nerve-sparing techniques in
open radical prostatectomy represent safe and effective op-
tions for the treatment of organ-confined prostate cancer.
The retrograde approach was associated with shorter opera-
tive time, lower rates of biochemical recurrence, and a trend
toward improved functional outcomes, whereas the ante-
grade technique offered superior intraoperative hemostasis.
The choice of surgical technique should be individualized
based on patient and tumor characteristics, as well as sur-
geon expertise. These findings warrant further validation in
prospective, multicenter trials.

A preliminary version of this study was delivered as an oral pre-
sentation at the Turkish Association of Urology Scientific Meet-
ing, beld at Lzmir Katip Celebi University Faculty of Medicine
in March 2025.
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B MAIN POINTS B ABSTRACT

Headache, vomiting, and visual dis-
turbances are the most common
symptoms of pediatric PTCS.

High-dose acetazolamide, initiated
early, can prevent long-term visual
complications.

MRI findings such as empty sella
and optic nerve sheath distension
support diagnosis in the absence of
papilledema.

Secondary PTCS is often asso-
ciated with medications (e.g.,
cyclosporine) and vitamin imbal-
ances.

OCT and visual field testing are crit-
ical for monitoring treatment re-
sponse.

Aim: This study aims to evaluate the clinical, radiological, and treatment outcomes of pediatric
patients diagnosed with Pseudotumor Cerebri Syndrome.

Materials and Methods: This retrospective study included 21 children diagnosed with definite or
possible Pseudotumor Cerebri Syndrome according to the revised Friedman diagnostic criteria,
out of 115 patients evaluated between 2017 and 2019 at a pediatric neurology clinic. Clinical
findings, radiological features, treatment responses, and prognosis were analyzed.

Results: The study cohort was predominantly female (85.7%), with a mean age of 12.8 years.
The most common presenting symptoms were headache, visual disturbances, and vomiting. A
key diagnostic finding was elevated cerebrospinal fluid (CSF) opening pressure (>280 mmH,0),
observed in 67% of patients. Two-thirds of the cases (66.6%) were classified as Primary Pseu-
dotumor Cerebri Syndrome, while the remaining third (33.4%) were secondary, most frequently
attributed to drug exposure or vitamin imbalances. The majority of patients showed significant
clinical improvement following medical treatment with high-dose acetazolamide. Only a few
required adjunctive therapies such as topiramate or corticosteroids, and recurrence was docu-
mented in only a single case. Additionally, MRI findings supportive of the diagnosis were present
in a subset of patients.

Conclusion: Early diagnosis and treatment of Pseudotumor Cerebri Syndrome in children can
prevent permanent visual complications. A multidisciplinary approach, including ophthalmology
and pediatric neurology, is essential for accurate diagnosis, effective treatment, and favorable

outcomes.
Cite this article as: Eroglu A, Aydogdu
D, Guven A, Caksen H. Evaluation of Keywords:
clinical, radiological characteristics, and
treatment outcomes of pediatric pseu-
dotumor cerebri syndrome cases. Ann
Med Res. 2025;32(11):506--511.

Pseudotumor cerebri syndrome, Pediatric neurology, Increased intracranial
pressure, Acetazolamide treatment, Papilledema
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B INTRODUCTION

Pseudotumor cerebri syndrome (PTCS), also known as id-
iopathic intracranial hypertension, is a rare but significant
condition in children, with an incidence of approximately
0.6-0.71 per 100,000 [1,2]. It is characterized by increased
intracranial pressure (ICP) in the absence of structural brain
lesions, hydrocephalus, or central nervous system infection,
and typically presents with headache, nausea, vomiting, and
visual disturbances [3].

The etiology is multifactorial; obesity, rapid weight gain, cer-
tain medications (e.g., tetracyclines, corticosteroids, vitamin

A derivatives), and systemic diseases are among the risk factors
[4-6]. One proposed mechanism is the impaired absorption
of cerebrospinal fluid (CSF) at the level of the arachnoid villi
[7-9].

In 2013, Friedman etal. [2] proposed revised diagnostic crite-
ria incorporating clinical, radiological, and CSF pressure mea-
surements, which are now widely used in pediatric practice.
Early diagnosis is of critical importance, as delayed treatment
may lead to irreversible vision loss [10,11].

This study aims to describe the demographic, clinical, radi-
ological, and treatment characteristics of pediatric PTCS pa-
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tients followed in a tertiary care center in Turkey and to com-
pare the findings with established diagnostic frameworks, in-
cluding the revised Friedman criteria.

B MATERIALS AND METHODS

This retrospective study was conducted at the Pediatric Neu-
rology Department of Necmettin Erbakan University Meram
Medical Faculty between January 2017 and January 2019. Pa-
tient records were reviewed based on International Classifi-
cation of Diseases (ICD) codes H53, H54.0, H47.1, R51,
and G93.2 to identify cases potentially related to increased in-
tracranial pressure.

A rotal of 115 pediatric patients were initially identified. Of
these, 21 met the revised Friedman criteria for definite or pos-
sible PTCS. Data collected included age, gender, presenting
symptoms, imaging findings, etiology, treatment modalities,
and clinical outcomes.

The required minimum sample size was calculated using
G*Power 3.1 software for a two-tailed Mann—Whitney U test,
with an alpha error of 0.05, a desired power of 0.80, and a large
effect size (Cohen’s d = 0.8) based on previous pediatric PTCS
studies. This calculation yielded a minimum sample size re-
quirement of 42 participants (21 per group). In our study, 21
children met the diagnostic criteria for PTCS. Post-hoc power
analysis for the comparison of CSF opening pressure between
definitive and possible PTCS cases demonstrated a very large
effect size (Cohen’s d = 2.58) and a power of 0.998, indicating
that our sample size was sufficient to detect clinically signifi-
cant differences in this primary outcome despite the rarity of
the condition.

Lumbar punctures (LP) were performed in the lateral decu-
bitus position under sedation by the same pediatric neurol-
ogist, and cerebrospinal fluid (CSF) opening pressures were
recorded. A CSF opening pressure >280 mmH,O was con-
sidered elevated [1,12].

Vitamin D deficiency was defined as <20 ng/mL, and insuf-
ficiency as 20-30 ng/mL. Normal vitamin A levels were con-
sidered 26-49 pg/dL. Papilledema severity was graded as mild
(grades 1-2) or severe (grades 3—4).

Neuroimaging findings were evaluated based on six criteria
from Friedman’s diagnostic framework: empty sella, optic
nerve tortuosity and perineural fluid distension, optic disc
flattening or bulging, Meckel’s cave and cavernous sinus en-
largement, transverse sinus stenosis, and enlarged arachnoid
villi. All imaging studies were reviewed and interpreted by a
single pediatric radiologist.

Treatment responses were assessed through clinical examina-
tion, optical coherence tomography (OCT), and visual field
testing. Patients were followed at 1, 3, 6, and 12 months af-
ter treatment initiation. Recurrence within the first-year post-
treatment was also evaluated.

Ethical approval was obtained from the Non-Pharmaceutical
and Non-Medical Device Research Ethics Committee of
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Necmettin Erbakan University Meram Medical Faculty (Ap-
proval No: 2019/1657).

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics
for Windows, Version 21 (Armonk, NY: IBM Corp.). De-
scriptive data are presented as frequencies and percentages.
Continuous variables were expressed as median (minimum-
maximum) in line with data distribution, and compared be-
tween primary and secondary PTCS groups using the Mann-—
Whitney U test for nonparametric data and the chi-square test
(exact method) for categorical variables. A p-value <0.05 was
considered statistically significant.

B RESULTS

A total of 115 pediatric patients were screened, and 21 were di-
agnosed with definite or possible Pseudotumor Cerebri Syn-
drome (PTCS) according to the revised diagnostic criteria
by Friedman et al. [2]. Of these, 18 (85.7%) were female
and 3 (14.3%) were male, with a mean age of 12.8 years
(range: 3-17 years). The most common presenting symp-
toms were headache, vomiting, and blurred vision. Elevated
cerebrospinal fluid (CSF) opening pressure (>280 mmH,O)
was observed in 67% (14/21) of patients.

Fourteen patients (66.7%) were classified as primary PTCS,
and seven (33.3%) as secondary PTCS. In the secondary
group, drug exposure—particularly cyclosporine and growth
hormone therapy—was the leading etiology (43%) [13]. Due
to incomplete medical records, obesity status could not be as-
sessed for patients in the primary PTCS group.

Seven patients (33.3%) were categorized as “possible PTCS.”
The demographic characteristics, clinical findings, and di-
agnostic classification details are presented in Table 1. In
patients without papilledema or with normal CSF pressure,
brain MRI findings were evaluated separately. Severe pa-
pilledema (grades 3—4) was present in 8 patients (38.1%) Ta-
ble 2. Radiological findings among “possible PTCS” patients
included optic disc flattening/bulging in 5 patients (71%),
empty sella in 4 patients (57%), optic nerve tortuosity with
perineural fluid accumulation in 2 patients (29%), Meckel’s
cave and cavernous sinus enlargement in 1 patient (14%), and
enlarged arachnoid villiin 1 patient (14%) [14,15]. Transverse
sinus stenosis was not observed in any patient, likely due to in-
complete MR venography studies. Representative MRI find-
ings of PTCS patients are shown in Figure 1.

Initial treatment consisted of high-dose acetazolamide (30
mg/kg/day in three divided doses). Topiramate was used
in patients with acetazolamide intolerance or insufficient re-
sponse. Of the 12 patients initially treated with acetazo-
lamide, 2 required switching to topiramate due to metabolic
acidosis. In 3 patients with elevated CSF pressure and severe
papilledema (grades 3—4), corticosteroids were added to aceta-
zolamide. In 4 patients, treatment was limited to removal of
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Table 1. Demographic, etiological, and clinical characteristics of the patients.

Patient Sex Age Complaint NE ES MRI BOSp Etiology Additional Friedman

(years) Findings (cmH,0) Findings Diagnosis
1 F 9 Headache + Diplopia N + None 35 Primary - Definitive
2 F 15 Headache, N/V, VLS N + 3* 35 Secondary Cyclosporine Definitive
3 F 10 Headache, N/V, VLS N + 2,3* 12 Primary - Possible
4 F 9 Headache, N/V, VLS N + 1* 25 Primary Possible
5 F 11 Headache, N/V, VLS N + None 22 Primary - Possible
6 M 8 Headache, N/V, VLS N + 1,2* 29 Secondary Vitamin A deficiency Definitive
7 F 13 Headache, N/V, VLS N + 1,2% 28 Primary - Definitive
8 F 14 Headache, N/V, VLS N + 1,2% 32 Secondary Hyperthyroidism Definitive
9 F 17 Headache, N/V, VLS N + None 35 Secondary Vitamin B12 deficiency Definitive
10 F 15 Headache, N/V, VLS N + None 40 Primary - Definitive
11 M 16 Headache, N/V, VLS N + 1,2% 28 Primary Definitive
12 F 17 Headache, N/V, VLS N + 2% 31 Primary Definitive
13 F 17 Headache, N/V, VLS N + 1,3* 15 Primary Possible
14 F 16 Headache, N/V, VLS N + None 38 Primary - Definitive
15 F 1 Headache, N/V, VLS N + 6* 24 Secondary Growth hormone Possible
16 F 17 Headache, N/V, VLS N + 3,4% 26 Primary - Possible
17 M 3 Headache, N/V, VLS N + 1-4% 28 Secondary Growth hormone Definitive
18 F 15 Headache, N/V, VLS N + 4 31 Secondary DiGeorge Syndrome Definitive
19 F 11 Headache, N/V, VLS N + 1,2,3* - Primary - Possible
20 F 17 Headache, N/V, VLS N + None 32 Primary Definitive
21 F 9 Headache, N/V, VLS N + None 29 Primary Definitive

*NE: Neurological Examination; ES: Eye Signs (Papilledema); MRI: Magnetic Resonance Imaging findings; BOSp: Cerebrospinal Fluid Opening Pressure; AF: Additional

Findings; N/V: Nausea/Vomiting; VLS: Visual Loss Symptoms.

Figure 1. Brain MRI Findings in Patients with PTCS; 1A: Axial T2-weighted images showing bilateral optic nerve tortuosity, increased perineural fluid,
and flattening/bulging of the optic disc. 1B: Sagittal T1-weighted images showing an empty sella appearance with the suprasellar cistern extending
toward the pituitary. 1C: Axial T2-weighted images demonstrating bilateral enlargement of Meckel’s cave spaces.

the underlying etiology (e.g., discontinuation of growth hor-
mone therapy, correction of vitamin deficiencies) [16,17].

Treatment monitoring included clinical evaluation, opti-
cal coherence tomography (OCT), and visual field testing.
Follow-up visits were scheduled at week 2, and at 1, 3, and
6 months, with a final evaluation at 1 year. Treatment ad-
justments were made based on clinical status at week 2 and
visual field results at month 1. Most patients demonstrated
marked improvement within 3 months. Patients with mild
papilledema (grades 1-2) had no visual field loss and recov-
ered by month 1, while those with severe papilledema (grades
3-4) improved by month 3.

508

Only one patient, with secondary PTCS due to cyclosporine
toxicity, experienced recurrence within the one-year follow-
up period [13]. Patients with mild papilledema and no sig-
nificant MRI findings responded well to medical treatment
alone. Conversely, patients with severe papilledema or no-
table MRI findings required lumbar puncture and closer
follow-up.

No statistically significant differences were found between
primary and secondary PTCS groups regarding CSF opening
pressure (p=0.80), sex (p=0.18), or age (p=0.30) Table 3. A
graphical summary of patient selection, classification, clinical
and radiological findings, and treatment outcomes is provided
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Table 2. Characteristics of patients defined according to possible PTCS
criteria.

Etiology Papilledema CSF Pressure Brain MRI
Grade (cmH,0) Findings*
Primary PTCS Grade 3 12 2,3
Primary PTCS Grade 2 25 1
Primary PTCS Grade 2 22 -
Primary PTCS Grade 2 15 1,3
Primary PTCS - 26 34
Primary PTCS Grade 2 - 1,2,3
Secondary PTCSt Grade 2 24 6

*MRI findings based on PTCS-specific criteria: (1) Empty sella, (2) Optic nerve tor-
tuosity with increased perineural fluid, (3) Optic disc flattening and bulging, (4)
Meckel’s cave and cavernous sinus enlargement, (5) Transverse sinus stenosis, (6) En-
larged arachnoid villi. t Secondary PTCS due to growth hormone use.

Table 3. Demographic and Cerebrospinal Fluid (CSF) pressure charac-
teristics of primary and secondary PTCS patients.

Characteristics Primary PTCS Secondary PTCS p-value
(n=14) (n=7)

Gender (F/M) 13/1 5/2 0.18

Age (years) 13(9-17) 15(3-17) 0.30

CSF Pressure (cmH,0) 26(12-40) 28.5(15-38) 0.80

in Figure 2.

E DISCUSSION

This study provides a comprehensive overview of pediatric
Pseudotumor Cerebri Syndrome (PTCS), reaflirming key
clinical, radiological, and therapeutic characteristics in agree-
ment with previously published literature. Similar to earlier
reports, our data show a predominant female representation
(85.7%) and a mean age of 12.8 years, highlighting the sus-
ceptibility of adolescent girls to PTCS [1,3,4,17]. Headache,
vomiting, and visual disturbances were the most frequent pre-
senting symptoms, consistent with hallmark features of in-
creased intracranial pressure (ICP) described in prior studies
[3,9,18].

Two-thirds of our cohort were diagnosed with primary PTCS,
and one-third with secondary PTCS, a distribution compara-
ble to earlier epidemiological findings [6,15,19]. Secondary
cases were most often associated with cyclosporine use,
growth hormone therapy, and vitamin imbalances (particu-
larly excess vitamin A and vitamin D deficiency) [16,13,20].
The only recurrence during follow-up occurred in a patient
with cyclosporine-induced PTCS, underlining the necessity
of identifying and eliminating underlying etiologies [13].
Papilledema grade emerged as an important prognostic indi-
cator. Severe papilledema (grades 3—4) was linked to more
pronounced symptoms, higher rates of visual field defects,
and increased need for combination therapy—findings con-
sistent with Tovia et al. and other literature that emphasize
the correlation between papilledema severity and treatment
intensity [10,21].
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115 Pediatric Patients
Screened

21 Diagnosecl with Definite or Possible PTCS
(Friedman criteria)

Common Symptoms;
- Headache
- Vomiting

- Blurred vision

7Possible PTCS

14 Primary PTCS

Possible PTCS MRI Findings:
(3% drug-related: cyclosporine: GH litie

-Empty sella: 57%
- Optic nerve torluosity: 29 %

Ptssible PTCS MRI Findings:
- Optic disc flattening/bulging: 71 %
-Empty sella: 57%

- Meckel’s cave/ cavernous smus enargeme 14 %
-Enlarged arachnoid villi: 14 %
-No transverse sinus stenosis

Treatment:
-Acetazolamide (n=12=> Switch to toj-
piramale (n=2)

-Steroids added (n=3)
Etoprevenentin mast withn 3 month

Figure 2. Study Flow Diagram; Flowchart illustrating the study process,
from initial screening of 115 pediatric patients to final classification into
definite or possible PTCS according to the revised Friedman criteria. The
figure summarizes demographic distribution, key presenting symptoms,
cerebrospinal fluid (CSF) pressure findings, major radiological signs, and
the division into primary and secondary PTCS groups. Treatment modal-
ities (acetazolamide, topiramate, corticosteroids, and etiology-specific
interventions) and follow-up outcomes, including recurrence, are also
depicted.

Neuroimaging played a pivotal role, especially in “possi-
ble PTCS” cases without papilledema. The most common
findings—optic disc flattening, empty sella, and optic nerve
sheath distension—align with the revised Friedman criteria
[2] and were similarly highlighted by Gérkem et al. and Mar-
alanietal. [14,15]. Transverse sinus stenosis was absent, likely

due to incomplete MR venography, as noted in other cohorts
[15,20].

Pharmacological management yielded favorable outcomes.
High-dose acetazolamide remained the primary therapy and
was effective in most cases, confirming results from Celebisoy
etal. [11]. Topiramate and corticosteroids were effective al-
ternatives when acetazolamide was ineffective or poorly tol-
erated [12]. Only one patient required surgical intervention,
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supporting prior observations that medical therapy is gener-
ally sufficient in pediatric PTCS [10].

Continuous ophthalmologic monitoring using optical coher-
ence tomography (OCT) and visual field testing allowed for
objective assessment of treatment efficacy and early detection
of complications, as emphasized in pediatric PTCS manage-
ment guidelines [17,21].

Our results align with international findings but also provide
region-specific data from a Turkish tertiary center. Compara-
ble demographic and clinical patterns reported by Degerliyurt
etal. and Sager etal. support the applicability of the Friedman
criteria in diverse populations [20,21].

Strengths of this study include standardized diagnostic pro-
tocols, consistent follow-up, and a uniform treatment ap-
proach. Limitations involve the retrospective design, single-
center scope, relatively small sample size, and incomplete data
on obesity and MR venography, which may have restricted
turther subgroup analysis.

Despite these limitations, our findings contribute to the un-
derstanding of pediatric PTCS, underscore the value of Fried-
man’s diagnostic framework, and emphasize the importance
of multidisciplinary management involving pediatric neurol-
ogy, ophthalmology, and radiology to optimize outcomes.

E CONCLUSION

This study highlights the clinical and radiological spectrum
of pediatric PTCS and supports the diagnostic utility of the
revised Friedman criteria. High-dose acetazolamide is con-
firmed as an effective first-line therapy, with OCT and vi-
sual field monitoring essential for preventing long-term vi-
sual impairment. Radiological features particularly optic disc
bulging and empty sella are useful in diagnosing cases with-
out papilledema. Radiological examples (Figure 1) illustrate
the role of MRI in confirming diagnosis. A multidisciplinary
approach ensures timely intervention and improved progno-
sis. Further multicenter, prospective studies are warranted to
validate and expand these findings.
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B MAIN POINTS
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* No HBV reactivation was observed

during tocilizumab therapy, one
HBsAg-positive patient achieved
HBsAg  seroclearance  under
antiviral treatment.

In HBsAg-negative/anti-HBc-positi-
ve patients, vigilant monitoring
without routine antiviral prophy-
laxis may be sufficient, as no
reactivation occurred in this group.

These findings suggest that
tocilizumab may have a low risk
of HBV reactivation, though larger
prospective studies are needed for
confirmation.

B ABSTRACT

Aim: This study aimed to investigate the relationship between tocilizumab, a biological agent
widely used for treating rheumatic diseases, and hepatitis B virus reactivation (HBVr).

Materials and Methods: The electronic records of all patients who received tocilizumab in our
rheumatology outpatient clinic between July 2018 and August 2024 were retrospectively re-
viewed. Demographic data, baseline and followup HBV serological markers, liver biochemistry,
and antiviral prophylaxis details were extracted and analyzed.

Results: A total of 54 patients were included (76.2 % female; mean age 57.5 + 14.3 years). While
HBsAg, anti-HBc IgGG and anti-HBs were requested for all patients before treatment, HBsAg was
positive in 1 of 54 patients (1.9%) and anti-HBc IgG was positive in 26 (48.1%). While antiviral
treatment was initiated in 10 (18.5%) of the patients, 9 were HBsAg negative, 1 was HBsAg posi-
tive, and 1 was anti-HBc Ig G positive. No patient experienced HBV reactivation during treatment;
however, one HBsAg-positive patient achieved HBsAg seroclearance. The mean follow-up period
was 50.5 + 22.9 months.

Conclusion: No patient experienced HBV reactivation during tocilizumab therapy, and a sin-
gle HBsAgpositive participant on prophylactic tenofovir achieved HBsAg seroclearance. These
realworld data suggest that HBsAgnegative/antiHBcpositive individuals may be managed with
vigilant biochemical and serological monitoring rather than routine antiviral prophylaxis during
tocilizumab treatment. Nevertheless, the retrospective singlecentre design and modest sam-
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ple size limit the strength and generalizability of these findings; larger prospective studies are
required for definitive guidance.

Keywords: Rheumatological disease, Tocilizumab, Hepatitis B virus reactivation
Received: May 03, 2025 Accepted: Sep 26,2025 Available Online: Nov 25, 2025
Copyright © 2025 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.

EINTRODUCTION

Interleukin-6 (IL-6) is a crucial factor in the regulation of the
immune system and is significantly involved in the develop-
ment of inflammation, infections, and autoimmune disor-
ders. In addition to its proinflammatory effects, IL-6 sup-
ports antiviral immunity by enhancing type I interferon sig-
naling and promoting virus-specific CD8" T-cell responses.
Tocilizumab (TCZ) is a monoclonal antibody designed to
block the IL-6 receptor, thereby targeting the effects of IL-6.
It is employed in the management of several rheumatic con-
ditions, including rheumatoid arthritis, juvenile idiopathic
arthritis, and giant cell arteritis [1,2]. IL-6 signaling mod-
ulates HBV replication in a context-dependent manner In

vitro, IL6 can suppress the formation of covalently closed cir-
cular DNA (cccDNA) and reduce HBV transcripts via sig-
nal transducer and activator of transcription 3 (STAT3) ac-
tivation [3]. Conversely, chronic IL6/STAT3 overactivation
has been linked to hepatocarcinogenesis in human hepatitis B
virus models [4]. This dual role raises the question of whether
pharmacological IL6 blockade with tocilizumab could lift a
natural brake on HBV replication and precipitate reactiva-
tion.

The suppressive effect of IL-6 on HBV replication suggests
that tocilizumab treatment may increase the risk of reactiva-
tion, especially in latent HBV carriers [5,6]. Several factors
affect the risk of HBV reactivation in patients receiving TCZ
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treatment. Among these factors, being an HBV carrier, treat-
ment duration, and immune response play an important role
[7]. The long-term use of biological therapies for treating
rheumatic diseases is a concern for physicians, especially in
terms of the risk of HBV infection reactivation [8]. In addi-
tion, careful monitoring and early initiation of antiviral ther-
apy are important to prevent HBV reactivation (HBVr) under
tocilizumab therapy.

Although several small series from Asia and Western Eu-
rope suggest that the risk of HBV reactivation (HBVr) un-
der tocilizumab therapy is lower than with TNF-o inhibitors,
most cohorts include fewer than 30 antiHBcpositive patients
and seldom report followup beyond 2 years. Moreover, data
from countries with intermediate HBV endemicity, such as
Ttrkiye, are scarce.

Therefore, this singlecentre retrospective study aims to pro-
vide longterm, realworld evidence on HBVr in tocilizumab
treated rheumatic patients from an intermediate prevalence
region, including the clinical course of an HBsAgpositive in-
dividual who achieved seroclearance.

B MATERIALS AND METHODS
Study design and patient selection

This retrospective, single-center cohort study was conducted
in the Rheumatology Outpatient Clinic of Recep Tayyip Er-
dogan University Training and Research Hospital. All adults
(> 18 years) who received at least three consecutive doses of
tocilizumab for a rheumatic disease between July 1, 2018, and
August 31, 2024 were screened. Tocilizumab was prescribed
according to the established American College of Rheuma-
tology/European League Against Rheumatism criteria for
rheumatoid arthritis, adult-onset Still’s disease, and other in-
flammatory arthritides.

Inclusion criteria
1. Age > 18 years.
2. Receipt of tocilizumab for > 3 months.

3. Complete baseline HBV serology (HBsAg, antiHBs,
and antiHBc) within six months before therapy was
available.

The exclusion criteria (Figure 1)

1. Tocilizumab exposure < 3 months.

2. Active malignancy or chemotherapy in the previous 12
months.

3. Positive for HCVRNA.

4. Missing baseline HBV tests or < 6 months of follow-up
data.
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HBV reactivation within the first two dosing cycles of
tocilizumab has rarely been reported. Most published se-
ries indicate that events occur after > 12 weeks of continu-
ous exposure when cumulative immunomodulation becomes
clinically relevant [9]. Therefore, patients who received
<3 months of TCZ were excluded to ensure a uniform expo-
sure window in which reactivation could plausibly occur and

to guarantee at least one scheduled HBVDNA assessment.

Because this was an exploratory real-world analysis, all eligible
patients during the study window were included without an
a priori sample size calculation.

Antiviral prophylaxis was initiated at the discretion of the
treating physician (gastroenterology or infectious diseases spe-
cialist). In practice, all HBsAg-positive patients received
prophylaxis, whereas HBsAg-negative/anti-HBc-positive pa-
tients received either prophylaxis or close monitoring. This
approach reflects real-world variability and is broadly consis-

tent with recommendations of international guidelines [8].

Data collection

Demographic variables (age, sex), primary rheumatic di-
agnosis, comorbidities, prior immunosuppressive therapy,
tocilizumab initiation date, and longitudinal laboratory data
(HBV serology, HBV DNA, liver enzymes) were retrieved
from the hospital’s electronic medical record system (Ak-
gun®, version 25.4.) using a standardized casereport form.
Two independent investigators crosschecked all entries for ac-
curacy.

Serum HBVDNA was quantified at baseline, at months 3 and
6, and every six months thereafter. An unscheduled test was
also performed whenever alanine aminotransferase (ALT) ex-
ceeded 2 x the upper limit of normal or when clinical hepati-
tis was suspected. This schedule followed the national HBV
reactivation surveillance guidelines. Figure 1 shows the flow
chart of the study participants.

The study protocol was approved by the Recep Tayyip
Erdogan  University ~ Ethics Committee (Approval
No. 2024/219) and conformed to the principles of the
Declaration of Helsinki.

Definitions and explanations

Within six months before initiating tocilizumab therapy, pa-
tients underwent HBV screening, including tests for HBsAg
and anti-HBc. Individuals with HBsAg positivity for more
than six months were classified as having chronic hepatitis B.
Those who tested negative for HBsAg but positive for anti-
HBc were considered to have a resolved HBV infection [10].
During patient follow-up, HBV reactivation was identified
either by the emergence of detectable HBV DNA in those
who initially had undetectable levels, indicating a significant
rise—typically tenfold—or by a new onset of HBsAg positiv-
ity in individuals who were previously negative [9]. Hepati-
tis is characterized by a rise in serum alanine aminotransferase
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Patients assess

ed for eligibility (n = 82) |

| Excluded (n = 28) | |

e

Patients included in the final analvsis (n = 54)

* Tocilizumab exposure < 3 months (n = 5)

* Active malignancy or chemotherapy in the preceding 12 months (n= 2)

* Positive HCVERNA (n = 1)

* Missing baseline HBV tests or < 6 months follow-up data (n = 20)

Figure 1. Flow chart of the study participants.

Table 1. Demographic and clinical characteristics of the patients in-
cluded.

Variables p
Male / Female, n (%) 12(22.2) / 42 (77.8)

Age, mean + SD 57.52+14.34 0.376
Male 54.25+16.01

Female 58.45+13.90

Rheumatological disease, n (%)

Rheumatoid arthritis 49 (90.7)
Adult Still's disease 2(3.7)
Temporal arteritis 1(1.9)
Polyarteritis Nodosa 1(1.9)
FMF 1(1.9)
Chronic diseases, n (%)

HT 36 (66.7)
DM 5(9.3)
CKD 2(3.7)
COPD 1(1.9)

FMF: Familial Mediterranean fever, HT: Hypertension, DM: Diabetes mellitus,
CKD: Chronic kidney disease; COPD, chronic obstructive pulmonary disease.

(ALT) levels to three times or more above the normal upper
limit, defined as ALT levels of 45 U/L [11]. HBV-related hep-
atitis was identified by the presence of liver inflammation ac-
companied by an increase in HBV DNA levels [12].

Blood immune and viral replication markers in bepatitis B

HBV-related markers in the blood, such as HBsAg, anti-HBs,
and anti-HBc, were analyzed using the Roche Cobas ¢6001
system (Roche Diagnostics, Mannheim, Germany) using the
electrochemiluminescence immunoassay technique. Serum
HBV DNA was quantified through real-time PCR using
the Rotor-Gene Q platform (QIAGEN, Hilden, Germany),
with a detection threshold of 12 IU/mL. Standard biochem-
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ical tests were performed using a Cobas 8000 Modular Ana-
lyzer (Roche Diagnostics, Germany).

Statistical analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences version 22 for Windows. The distribu-
tion of continuous variables was assessed using histograms, Q-
Q plots, and normality tests (Shapiro-Wilk or Kolmogorov-
Smirnov), depending on the number of variables. Continu-
ous variables following a normal distribution are presented as
mean * standard deviation. The independent t-test was uti-
lized to compare the two groups.

B RESULTS

The study included 54 patients, of whom 76.2% were females,
and the mean age was 57.52 + 14.34 years. No significant dif-
ference was found in age between genders (p = 0.376). Pa-
tients most commonly received TCZ treatment due to RA
(90.7%). The average follow-up duration was 50.5 + 22.9
months, with high blood pressure (66.7%) and type 2 dia-
betes (9.3%) being the most prevalent comorbid conditions

(Table 1).

Before treatment, HBsAg, anti-HBc IgGG and anti-HBs tests
were requested for all patients. HBsAg and ant-HBc IgG
were positivein 1(1.9%) and 26 (48.1%) of 54 patients, respec-
tively. Antiviral treatment was initiated in 10 (18.5%) of the
patients, 6 with entecavir, 3 with tenofovir disoproxil, and 1
with tenofovir alafenamide. Of those who received treatment,
nine were HBsAg negative and anti-HBc IgG positive, while
1 was HBsAg positive. While HBVr did not occur in any pa-
tient during the treatment, HB Ag seroclearance occurred in
the HBs Ag-positive patient.
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Patient with HBsAg seroclearance

A 47-year-old male patient has been followed up since 2007
due to adult Still’s disease. The patient, who had no known
chronic disease other than adult Still’s disease and had pre-
viously received corticosteroid and methotrexate treatments,
was started on tocilizumab treatment in 2020 and simultane-
ously on tenofovir alafenamide treatment. Before treatment,
the patient was HBsAg positive, anti-HBe positive, and had a
HBV DNA level of 1622 IU/ml. In the 43'9 month of treat-
ment, the patient was negative for HBsAg and HBV DNA.

E DISCUSSION

Hepatitis B infection is an important health problem in so-
ciety, and the risk of reactivation, especially among hepati-
tis B virus carriers, poses a signiﬁcant safety concern. In ad-
dition, chronic hepatitis B infection causes serious compli-
cations, such as hepatocellular cancer (HCC) and cirrhosis,
causing significant morbidity and mortality. HBV reactiva-
tion (HBVr) occurs when the immune response to the virus
is retriggered. Conditions of immunosuppression, includ-
ing the use of anti-tumor necrosis factor (TNF)-o inhibitors,
tocilizumab (TCZ), corticosteroids, and other immunosup-
pressive treatments for rheumatological disorders, can lead to
viral reactivation due to their detrimental effects on the im-
mune system’s ability to control HBV replication [6,7,13].

In the study conducted by Hong X. et al., the risk of HBVr
was found to be low in patients with rheumatoid arthritis
who were HBsAg negative/HBV core antibody positive and
used TCZ, and it was stated that antiviral treatment was a
safe option for prophylaxis [14]. In the study conducted
by Rodriguez-Tajes S et al., in 44 HBsAg-negative/anti-HBc-
positive patients with COVID-19 treated with TCZ, 61% of
the patients received prophylactic entecavir, and HBV DNA
positivity was detected in only one patient [15]. Another
study reported that anti-HBs had a protective effect in pa-
tients with rheumatism treated with TCZ [16]. Studies have
also emphasized the importance of early antiviral treatment
initiation in preventing HBVr under TCZ treatment [17,18].
In our study, HBVr was not observed during tocilizumab
treatment, which is similar to the findings in the literature.
However, HBV serology performed before treatment and an-
tiviral treatment initiation significantly reduced the risk of re-
activation.

A potentially fatal case of HBV exacerbation has been re-
ported in a patient with rheumatoid arthritis who was HB-
sAg positive following TCZ treatment [19]. HBVr is quite
high in HBs-positive patients with TCZ. HBVr begins in the
early stages of treatment with TCZ, and reactivation is almost
negligible after the initiation of antiviral prophylaxis [20]. In
our study, it was observed that hepatitis B could be controlled
with antiviral treatment in patients positive for HBsAg. For
example, in a 47-year-old adult patient with Adult Sdill’s dis-
ease, tenofovir alafenamide treatment, initiated together with
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tocilizumab treatment, was found to be effective in providing

HBV DNA and HBsAg seroclearance.

Numerous cytokines, such as IL-6, play a role in HBV infec-
tion progression. Abnormal IL-6 production has been ob-
served in chronic inflammatory conditions such as hepatitis
B and rheumatoid arthritis. IL-6 is a key factor in HBV repli-
cation and hepatitis B progression. It has been associated with
both hepatitis B advancement and HBV entry and replica-
tion processes within the host. The risk of HBVr under TCZ
treatment has been a controversial issue. While some studies
suggest that IL-6 has a suppressive effect on HBV replication,
TCZ may eliminate this suppressive effect and cause reactiva-
tion [21,22].

While in vitro data suggest that IL-6 may suppress HBV repli-
cation [3], leading to concerns that tocilizumab could theo-
retically unleash viral activity, our real-world findings do not
support this in the context of diligent screening and monitor-
ing. This discrepancy highlights the complexity of the role of
IL-6 in HBV pathogenesis, which may differ significantly be-
tween in vitro models and complex in vivo human systems,
especially when rheumatic disease activity and concomitant
therapies simultaneously modulate other immune pathways.
On the other hand, some studies have emphasized that HBVr
can be prevented by initiating antiviral treatment and that
such patients should be closely monitored during the treat-
ment process [23,24]. Although HBVr was not observed in
all patients in our study, it was concluded that HBV serolog-
ical tests should be performed before treatment and antiviral
treatment should be initiated. This is an important clinical
strategy, especially for patients with HBV.

No HBV reactivation was observed in anti-HBc-positive
patients receiving tocilizumab following CAR T-cell ther-
apy, provided that regular HBV DNA monitoring was per-
formed [25].
IL6 receptor blockade may also benefit patients with posta-
cute sequelae of severe acute respiratory syndrome coron-
avirus 2 (SARSCoV2) infection (“longCOVID?”). In a re-
cent case report, a woman with rheumatoid arthritis and per-
sistent SARSCoV2 antigenemia experienced marked symp-
tomatic and virological improvement after a short course of

Isolated clinical observations suggest that

nirmatrelvir-ritonavir followed by tocilizumab therapy, with-
out any evidence of HBV reactivation or hepatic flare [26].
These observations, together with our 50 month rheumatol-
ogy cohort, indicate that IL-6 antagonism does not inherently
trigger HBVr when evidence based screening and surveillance
protocols are applied. Importantly, our study extends the
mechanistic overview by Kishimoto & Kang(2022) by pro-
viding longterm, realworld data from an intermediate en-
demic region and by reporting—to our knowledge—the first
instance of HBsAg seroclearance under combined tenofovir
alafenamide and tocilizumab therapy.

The spontaneous loss of HBsAg in immunocompetent
adults occurs at an estimated rate of 0.5%-1% per patient-
year [27]. Although spontaneous seroclearance rates may
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be slightly higher in HBeAg-negative individuals than in
HBeAg-positive individuals, our patient’s baseline HBeAg
negativity coupled with an HBV DNA of 1622 IU/ml still
indicated active infection requiring intervention. In con-
trast, long-term nucleos(t)ide analog (NA) therapy, such as
tenofovir, accelerates seroclearance, with cumulative rates of
5%—12% after 3-5 years [28]. Our patient, who received teno-
fovir alafenamide concomitantly with tocilizumab, became
negative for HBsAg after 43 months. This timeline is more
consistent with NA-induced rather than spontaneous clear-
ance. Therefore, while the case is clinically interesting, its sig-
nificance should not be overemphasized, and causality cannot
be proven from a single observation. Other factors—such as
immune reconstitution once rheumatic disease activity was
controlled—may also have contributed to this outcome.

From a healtheconomic perspective, modeling studies indi-
cate that routine nucleos(t)ideanalog prophylaxis is costef-
fective only in HBsAgpositive patients or in antiHBcpositive
individuals exposed to highrisk regimens, whereas close bio-
chemical and virological surveillance is more costefhicient than
indefinite antiviral therapy in lowrisk antiHBcpositive/anti-
HBspositive patients [29, 30].

Limitations

This retrospective, singlecentre study enrolled a modest co-
hort (n = 54) without a parallel control group; therefore, the
observed absence of reactivation cannot be causally attributed
to tocilizumab exposure alone. The sample size limits statis-
tical power, and the singlecentre setting may reduce general-
izability. Potential information and referral biases inherent to
ERRs also remain. Larger, prospective, multicenter studies
with matched controls are needed to confirm these findings.

E CONCLUSION

While no patient using tocilizumab developed hepatitis B re-
activation, one patient who was positive for HBs Ag and re-
ceiving antiviral treatment developed HBs Ag seroclearance.
Although these findings predict that patients with hepatitis B
who do not receive antiviral treatment can be followed with
careful monitoring after tocilizumab treatment, studies with
larger samples are needed to reach definitive conclusions.

Ethics Committee Approval: The study was conducted in ac-
cordance with the principles of the Declaration of Helsinki
and was approved by the Recep Tayyip Erdogan University
Local Ethics Committee (date: 15.08.2024, no: 2024/219).

Informed Consent: Since this was a retrospective study, in-
formed consent was not obtained.

Peer-review: Externally peer-reviewed.

Conflict of Interest: All authors have no competing financial or
nonfinancial interests related to this work.

Original Article

Ann Med Res 2025;32(11):512-517

Author Contributions: BK: Investigation, Writing Supervision,
and Methodology. OC: Conceptualization and Writing. SD:
Formal analysis and project administration.

Financial Disclosure: This research received no external funding,
and all authors confirm that they did not receive any finan-
cial support from public, commercial, or notforprofit fund-
ing agencies.

B REFERENCES

1. Kishimoto T, Kang S. IL-6 Revisited: From Rheumatoid Arthri-
tis to CAR T Cell Therapy and COVID-19. Annual Rev Immunol.
2022;40:323-348. doi: 10.1146/annurev-immunol-101220-023458.

2. Aliyu M, Zohora FT, Anka AU, et al. Interleukin-6 cytokine: An
overview of the immune regulation, immune dysregulation, and
therapeutic approach. Int Immunopharmacol. 2022;111:109130. doi:
10.1016/j.intimp.2022.109130.

3. Palumbo GA, Scisciani C, Pediconi N, etal. IL-6 inhibits HBV tran-
scription by targeting the epigenetic control of the nuclear cc-
c¢DNA minichromosome. PLoS One. 2015;10(11):¢0142599. doi:
10.1371/journal.pone.0142599.

4. Xu], LinH, WuG, ZhuM, LiM. IL-6/STAT3 Is a Promising
Therapeutic Target for Hepatocellular Carcinoma. Front Oncol.
2021;11:760971. doi: 10.3389/fonc.2021.760971.

5. Lau G, Yu ML, Wong G, et al. APASL clinical practice guideline on
hepatitis B reactivation related to the use of immunosuppressive ther-
apy. Hepﬂtol Int. 2021;15(5):1031-1048. doi: 10.1007/512072-022-
10301-2.

6. Loomba R, Liang TJ. Hepatitis B Reactivation Associated With Im-
mune Suppressive and Biological Modifier Therapies: Current Con-
cepts, Management Strategies, and Future Directions. Gastroenterol-
0gy. 2017;152(6):1297-1309. doi: 10.1053/j.gastro.2017.02.009.

7. Snast I, Atzmony L, Braun M, Hodak E, Pavlovsky L. Risk for hep-
atitis B and C virus reactivation in patients with psoriasis on bio-
logic therapiesz A retrospective cohort study and systematic review
of the literature. J Am Acad Dermatol. 2017;77(1):88-97.€5. doi:
10.1016/j.jaad.2017.01.037.

8. European Association for the Study of the Liver. Electronic address:
easloffice@easloffice.eu; European Association for the Study of the
Liver. EASL 2017 Clinical Practice Guidelines on the management
of hepatitis B virus infection. J Hepatol. 2017;67(2):370-398. doi:
10.1016/j.jhep.2017.03.021.

9. Mori S, Fujiyama S. Hepatitis B virus reactivation associated
with Antirheumatic therapy: risk and prophylaxis recommen-
dations. World | Gastroenterol. 2015;21(36):10274-10289. doi:
10.3748/wjg.v21.i36.10274.

10. Myint A, Tong MJ, Beaven SW. Reactivation of hepatitis B virus: a re-
view of clinical guidelines. Clin Liver Dis (Hoboken). 2020;15(4):162-
167. doi: 10.1002/cld.883.

11. Pauly MP, Tucker LY, Szpakowski JL, et al. Incidence of hepatitis B
virus reactivation and hepatotoxicity in patients receiving long—term
treatment with tumor necrosis factor antagonists. Clin Gastroenterol
Hepﬂto[. 2018;16(12):1964-1973. doi: 10.1016/j.cgh.2018.04.033.

12. Huang SC, Yang HC, Kao JH. Hepatitis B reactivation: diagnosis and
management. Expert Rev Gastroenterol Hepatol. 2020;14(7):565-578.
doi: 10.1080/17474124.2020.1774364.

13. Yip T.C., Gill M., Wong G.L., Liu K. Management of hepatitis
B virus reactivation due to treatment of COVID-19. Hepatol. Int.
2022;16(2):257-268. doi: 10.1007/512072-022-10306-x.

14. HongX, Xiao Y, Xu L, Liu L, Mo H, Mo H. Risk of hepatitis B reacti-
vation in HBsAg—/HBcAb+ patients after biologic or JAK inhibitor
therapy for rheumatoid arthritis: A meta-analysis. Immun Inflamm
Dis. 2023;11(2):e780. doi: 10.1002/iid3.780.

15. Rodriguez-Tajes S, Miralpeix A, Costa J, et al. Low risk of hepati-
tis B reactivation in patients with severe COVID-19 who receive
immunosuppressive therapy. J Viral Hepat. 2021;28(1):89-94. doi:
10.1111/jvh.13410.

https://doi.org/10.5455/annalsmedres.2025.05.106


https://doi.org/10.1146/annurev-immunol-101220-023458
https://doi.org/10.1016/j.intimp.2022.109130
https://doi.org/10.1371/journal.pone.0142599
https://doi.org/10.3389/fonc.2021.760971
https://doi.org/10.1007/s12072-022-10301-2
https://doi.org/10.1007/s12072-022-10301-2
https://doi.org/10.1053/j.gastro.2017.02.009
https://doi.org/10.1016/j.jaad.2017.01.037
https://doi.org/10.1016/j.jhep.2017.03.021
https://doi.org/10.3748/wjg.v21.i36.10274
https://doi.org/10.1002/cld.883
https://doi.org/10.1016/j.cgh.2018.04.033
https://doi.org/10.1080/17474124.2020.1774364
https://doi.org/10.1007/s12072-022-10306-x
https://doi.org/10.1002/iid3.780
https://doi.org/10.1111/jvh.13410
https://doi.org/10.5455/annalsmedres.2025.05.106

Kizilkaya B. et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Ko PH, Kuo MH, Kao IT, Wu CY, Tseng CW, Shao SC. The Risk
of Hepatitis B Virus Reactivation in Rheumatoid Arthritis Patients
Receiving Tocilizumab: A Systematic Review and Meta-Analysis.
Viruses. 2024;16(1):78. doi: 10.3390/v16010078.

Watanabe T, Tanaka Y. Reactivation of hepatitis viruses follow-
ing immunomodulating systemic chemotherapy. Hepatol Res.
2013;43(2):113-21. doi: 10.11 11/hepr.12014.

Bojito-Marrero L, Pyrsopoulos N. Hepatitis B and Hepatitis C Reac-
tivation in the Biologic Era. J Clin Transl Hepatol. 2014;2(4):240-6.
doi: 10.14218/JCTH.2014.00033.

Sonneveld MJ, Murad SD, van der Eijk AA, de Man RA. Fulmi-
nant Liver Failure due to Hepatitis B Reactivation during Treat-
ment with Tocilizumab. ACG Case Rep J. 2019;6(12):¢00243. doi:
10.14309/crj.0000000000000243.

Terrault NA, Lok ASF, McMahon BJ, et al. Update on preven-
tion, diagnosis, and treatment of chronic hepatitis B: AASLD
2018 hepatitis B guidance. Hepatology. 2018;67(4):1560-1599. doi:
10. 1002/hep.29800.

Fang YF, Chang SH, Kuo CF, See LC. Safety outcomes of tocilizumab
and tofacitinib treatment for rheumatoid arthritis: Target trial em-
ulation. Inz J Rheum Dis. 2024;27(11):¢15406. doi: 10.1111/1756-
185X.15406.

Xia C, Liu Y, Chen Z, Zheng M. Involvement of Interleukin 6 in Hep-
atitis B Viral Infection. Cell Physiol Biochem. 2015;37(2):677-86. doi:
10.1159/000430386.

Smalls DJ, Kiger RE, Norris LB, Bennett CL, Love BL. Hepatitis B
Virus Reactivation: Risk Factors and Current Management Strategies.
Pharmacotherapy. 2019;39(12):1190-1203. doi: 10.1002/phar.2340.

Su YC, Lin PC, Yu HC, Wu CC. Antiviral prophylaxis during
chemotherapy or immunosuppressive drug therapy to prevent HBV

517

Original Article

25.

26.

27.

28.

29.

30.

Ann Med Res 2025;32(11):512-517

reactivation in patients with resolved HBV infection: a systematic re-
view and meta-analysis. Eur ] Clin Pharmacol. 2018;74(9):1111-1119.
doi: 10.1007/s00228-018-2487-4.

Li P, Zhou L, Ye S, et al. Risk of HBV Reactivation in Patients With
Resolved HBV Infection Receiving Anti-CD19 Chimeric Antigen
Receptor T Cell Therapy Without Antiviral Prophylaxis. Front Im-
munol. 2021;12:638678. doi: 10.3389/fimmu.2021.638678.
Visvabharathy L, OrbanZS, KoralnikIJ. Case report: Treatment
of long COVID with a SARS-CoV-2 antiviral and IL-6 blockade
in a patient with rheumatoid arthritis and SARS-CoV-2 anti-
gen persistence. Front Med (Lausanne). 2022;9:1003103. doi:
10.3389/fmed.2022.1003103.

Yeo YH, Ho HJ, Yang HI, et al. Factors Associated With Rates of HB-
sAg Seroclearance in Adults With Chronic HBV Infection: A System-
atic Review and Meta-analysis. Gastroenterology. 2019;156(3):635-
646.¢9. doi: 10.1053/j.gastro.2018.10.027.

Maung ST, Decharatanachart P, Chaiteerakij R. Hepatitis B Sur-
face Antigen Seroclearance Rate After Stopping Nucleos(t)ide
Analogues in Chronic Hepatitis B-A Systematic Review and
Meta-Analysis. J Gastroenterol Hepatol. 2025;40(5):1079-1104. doi:
10.1111/jgh.16920.

HwangJP, Huang D, Vierling]JM, etal. Cost-effectiveness analysis
of hepatitis B virus screening and management in patients with
hematologic or solid malignancies anticipating immunosuppres-
sive cancer therapy. JCO Clin Cancer Inform. 2019;3:1-12. doi:
10.1200/CCI.18.00097.

Loomba R, Liang TJ. Hepatitis B reactivation associated
with immunosuppressive and biological modifier therapies:
management strategies and future directions. Gastroenterol-
0gy. 2017;152(6):1297-1309. doi: 10.1053/j.gastro.2017.02.009.

https://doi.org/10.5455/annalsmedres.2025.05.106


https://doi.org/10.3390/v16010078
https://doi.org/10.1111/hepr.12014
https://doi.org/10.14218/JCTH.2014.00033
https://doi.org/10.14309/crj.0000000000000243
https://doi.org/10.1002/hep.29800
https://doi.org/10.1111/1756-185X.15406
https://doi.org/10.1111/1756-185X.15406
https://doi.org/10.1159/000430386
https://doi.org/10.1002/phar.2340
https://doi.org/10.1007/s00228-018-2487-4
https://doi.org/10.3389/fimmu.2021.638678
https://doi.org/10.3389/fmed.2022.1003103
https://doi.org/10.1053/j.gastro.2018.10.027
https://doi.org/10.1111/jgh.16920
https://doi.org/10.1200/CCI.18.00097
https://doi.org/10.1053/j.gastro.2017.02.009
https://doi.org/10.5455/annalsmedres.2025.05.106

Case Report Ann Med Res 2025;32(11):518-520
Current issue list available at Ann Med Res
Annals of Medical Research

Ann Med Res journal page: annalsmedres.org

Intraventricular migration of intraocular silicone oil: A rare case with
computed tomography and magnetic resonance imaging findings

Ali Salbas % Bilgenur Aksoy

, Mustafa Fazil Gelal @

2]zmir Katip Celebi University, Ataturk Training and Research Hospital, Department of Radiology, Izmir, Tiirkiye
*Corresponding author: dralisalbas@gmail.com (Ali Salbas)

Cite this article as: Salbas A, Aksoy
B, Gelal MF. Intraventricular migration
of intraocular silicone oil: A rare case
with computed tomography and mag-
netic resonance imaging findings. Ann
Med Res. 2025;32(11):518-520.  doi:
10.5455/annalsmedres.2025.08.215.

B ABSTRACT

Intraocular silicone oil (Si0) is widely used as a long-term internal tamponade agent in the sur-
gical treatment of various vitreoretinal disorders. A rare but diagnostically critical complication
of Si0 is its migration into the brain ventricles. Although few such cases have been reported,
this condition may mimic serious pathologies, such as intraventricular hemorrhage. In this case
report, intraventricular migration of SiO was identified in an 81-year-old woman with a history
of vitreoretinal surgery for diabetic retinopathy--related retinal detachment. The patient pre-
sented with dizziness, imbalance, and nausea, and neuroimaging revealed hyperdense layering
within the bilateral frontal horns on noncontrast brain computed tomography. These findings
may mimic acute intraventricular hemorrhage, highlighting the importance of clinical and radio-
logical correlation for accurate differential diagnosis. Additionally, the patient was concurrently
diagnosed with a cerebellar infarction. Awareness of this rare complication may help prevent
unnecessary interventions and potential treatment errors in patients presenting with stroke-like

symptoms.
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EINTRODUCTION

Intraocular silicone oil (SiO) is a material widely used as a
long-term internal tamponade in the surgical treatment of
various vitreoretinal diseases, particularly complicated retinal
detachments [1,2]. Its primary indications include prolifer-
ative vitreoretinopathy, retinal detachments secondary to di-
abetic retinopathy, and traumatic retinopathies [2]. The vis-
cosity of SiO and the duration it remains in the eye are key
factors that directly influence the risk of developing complica-
tions [1]. The most frequently reported ocular complications
are cataract, glaucoma, keratopathy, and silicone oil emulsifi-
cation [2]. The migration of SiO into the ventricular system
is another rare but diagnostically important complication [3].
Williams et al first reported the migration of SiO into the ven-
tricles in 1999 [4]. A recent review noted that to date, only 32
cases of intraventricular SiO migration have been reported in
the literature [5].

SiO intraventricular migration is mostly asymptomatic and is
often incidentally detected during brain imaging performed
for unrelated reasons [3]. However, on computed tomog-

raphy (CT), it may appear as hyperdense layering that can
mimic intraventricular hemorrhage (IVH), posing a risk for
misdiagnosis and potentially unnecessary interventions [6].
Therefore, a history of previous vitreoretinal surgery plays a
critical role in accurately interpreting these imaging findings.

In this case report, we present the intraventricular migration
of SiO in a patient with a history of vitreoretinal surgery for
diabetic retinopathy-related retinal detachment, who was si-
multaneously diagnosed with cerebellar infarction. The find-
ings were demonstrated using CT and magnetic resonance
imaging (MRI). Given the limited number of reported cases
in the literature, this rare complication is shared for its po-
tential to contribute to radiologic differential diagnosis and
to emphasize its importance in clinical awareness. This case
was considered worthy of reporting because it illustrates the
concurrent intraventricular migration of silicone oil and cere-
bellar infarction, an uncommon coexistence that may lead to
confusion in the diagnosis in the emergency setting. Further-
more, the case provides comprehensive radiologic correlation

with both CT and MRI findings, reinforcing the value of
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multimodality imaging in differentiating silicone oil migra-
tion from acute hemorrhagic conditions.

B CASE REPORT

An 81-year-old woman presented to the emergency depart-
ment with a 2-day history of nausea, dizziness, and imbal-

ance. Her medical history included bilateral hip prosthesis

Figure 1. (A) Diffusion-weighted imaging (DWI) and (B) apparent dif-
fusion coefficient (ADC) maps demonstrate diffusion restriction in the
left cerebellar hemisphere within the territory of the posterior inferior
cerebellar artery (PICA), consistent with early-stage infarction (yellow ar-
rows). (C) Axial DWI (b = 0) sequence reveals a non-dependent, layering
hypointense area in the frontal horn of the left lateral ventricle (red ar-
row), suggestive of migrated intraventricular silicone oil. DWI, diffusion-
weighted imaging; ADC, apparent diffusion coefficient.

Figure 2. Non-contrast axial (A) and sagittal (B) computed tomogra-
phy images show a non-dependent, layering hyperdense material in the
frontal horn of the left lateral ventricle (yellow arrows). Given that the
scan was acquired in the supine position, this appearance is considered
atypical for intraventricular hemorrhage.

Figure 3. Noncontrast axial (A), sagittal (B), and coronal (C) computed
tomography images. Hyperdense intraocular material consistent with
silicone oil is observed in the right globe (white arrow, A). Hyperdense
foci representing migrated silicone oil are observed at the optic chiasm
level (red arrows, A and C). In addition, a hyperdensity consistent with
silicone oil is observed along the right optic nerve course (green arrow,
B).
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surgery, hypertension, and type 2 diabetes mellitus. On physi-
cal examination, the patient’s gait was ataxic toward the right.
Laboratory findings were unremarkable. Electrocardiogra-
phy (ECG) and transthoracic echocardiography revealed no
pathological findings suggestive of a cardioembolic ischemic
stroke.

Diffusion-weighted imaging (DWI) on MRI revealed diffu-
sion restriction in the left cerebellar hemisphere, consistent
with an early-stage infarction in the posterior inferior cerebel-
lar artery (Figure 1). Additionally, a non-dependent, layering
hypointense area was observed in the frontal horn of the left
lateral ventricle on both apparent diffusion coefficient (ADC)
and DWI (b = 0) sequences. Non-contrast brain CT revealed
hyperdense layering within the frontal horns of the bilateral
lateral ventricles (Figure 2). In the supine-positioned scans,
the localization of the layering in the frontal horns was con-
sidered atypical for IVH. This hyperdensity was observed to
extend along the optic chiasm and the right optic nerve (Fig-
ure 3). The presence of hyperdense surgical material within
the right bulbus oculi prompted a more detailed investiga-
tion of the patient’s ophthalmological history. According to
the information obtained, approximately 7 years prior, the pa-
tient had undergone vitreoretinal surgery at another institu-
tion due to tractional retinal detachment secondary to dia-
betic retinopathy, during which intraocular SiO was injected
as a tamponade agent.

On the basis of these findings, it was concluded that SiO
within the bulbus oculi had migrated along the optic nerve
sheath into the subarachnoid space and subsequently into the
intraventricular system. Because the patient presented be-
yond the accepted time window for intravenous tissue plas-
minogen activator (tPA) administration, no thrombolytic
therapy was initiated. Instead, treatment was continued with
100 mg/day acetylsalicylic acid.

No stroke-related complications developed during six-day
hospitalization. The patient was discharged with appropriate
recommendations with stable neurological and general con-
dition. A signed informed consent form was obtained from
the patient on May 15, 2025. This case report was prepared
following the CARE (CAse REport) Guidelines [7,8].

E DISCUSSION

Although the intraventricular migration of intraocular SiO
is a rare complication, it holds critical diagnostic significance.
To date, this condition has been reported in the literature in
a few cases [5]. Although the lateral ventricles are the most
commonly involved sites, cases with involvement of the third
and fourth ventricles have also been described [3].

According to the literature, intraocular SiO migration fol-
lowing ocular injection typically occurs over a period ranging
from several months to years (6-120 months). It is usually
incidental and asymptomatic [3]. However, on radiological
imaging, it may appear as hyperdense layering that can mimic
intraventricular hemorrhage, posing a significant diagnostic
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pitfall—particularly for radiologists, neurosurgeons, and neu-
rologists. In our case, intraventricular migration of silicone
oil following vitreoretinal surgery for diabetic retinopathy-
related retinal detachment was identified through both CT
and MRI. On CT scans, the hyperdense materials observed
within the ventricles exhibited characteristic features such
as nondependent positioning, providing important clues for
differential diagnosis.

These findings can mimic acute hemorrhage due to their sim-
ilar density, as overlapping Hounsfield Unit (HU) values may
complicate the diagnostic process. However, radiological fea-
tures, such as a globular shape, mobility, and nondependent
positioning within the ventricle, are valuable clues for differ-
ential diagnosis [3,5]. In addition, the presence of a chem-
ical shift artifact on MRI is considered a significant indica-
tor of intraventricular SiO [9]. Therefore, in patients with a
history of vitreoretinal surgery and intraocular SiO injection,
the combined assessment of CT and MRI findings is crucial
when hyperdense intraventricular lesions are observed, as it
significantly impacts clinical management.

A detailed medical history regarding prior vitreoretinal
surgery is of critical importance for diagnostic accuracy in el-
derly patients presenting to the emergency department with
stroke-like symptoms. This is because intraventricular SiO
can be misinterpreted as intraventricular hemorrhage , poten-
tially leading to the contraindication of thrombolytic thera-
pies such as intravenous tPA. Such a misdiagnosis may result
in a fundamental error that significantly alters the patient’s
treatment course. Although tPA was not indicated in the pre-
sented case, overlooking this differential diagnosis in similar
clinical scenarios may lead to inappropriate treatment plan-
ning. Written informed consent for publication of this case
report and accompanying images was obtained from the pa-
tient.

B CONCLUSION

In conclusion, although the intraventricular migration of SiO
is extremely rare, it presents with characteristic and distin-
guishable radiological features when recognized. Careful cor-
relation of clinical history with imaging findings is essential to
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avoid misdiagnosis with serious conditions, such as intraven-
tricular hemorrhage, thereby reducing unnecessary interven-
tions and treatment-related errors.
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