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ABSTRACT

Purpose: The aim of this study was to compare optical coherence tomography anjiography (OCT-A) measurements across three
pediatric congenital idiopathic growth hormone deficiency (IGHD) groups defined by recombined GH (rthGH) treatment status and
duration: no prior GH treatment, 4 months of GH treatment, and at least 1 year of GH treatment.

Materials and Methods: A total of 47 right eyes from 47 pediatric IGHD patients were included in the study. We divided the patients
into three groups. The first group consisted of children who had not yet started thGH therapy (n=16), the second group included
children who had received treatment for 4 months (n=14), and the third group comprised children who had been receiving treatment
for at least 12 months (n=17). Retinal microvascular structure were evaluated with recorded OCT-A images via OCTAVA (OCT-A
Vascular Analyzer) image analysis software in terms of the parameters vessel area density, vessel length density, vessel length, vessel
diameter, branchpoint density, tortuosity, and metrics characterising the foveal avascular zone (FAZ) including FAZ area, p, circularity,
acircularity index, axis ratio, and vessel density within a 300-um width ring surrounding the FAZ.

Results: The groups were not different in terms of age, height and weight of the patients. The median treatment duration was 0 month
in group 1, 4 months in group 2 and 12 months (min 12- max 36 months) in group 3. (p <0.001) No significant difference was detected
in the OCT-A parameters among the three study groups (p>0,05).

Conclusion: The analysis revealed no statistically significant

Keywords: Congenital idiopathic growth hormone deficiency, recombinant growth hormone, retinal microvasculature, OCT-A,
OCTAVA.

INTRODUCTION

Growth hormone (GH) is produced by somatotroph
cells of the anterior pituitary gland and plays a critical
role in the neural and vascular maturation. Congenital
idiopathic growth hormone deficiency (IGHD), resulting
from insufficient GH secretion, is an endocrine disease in
childhood, which is diagnosed with the assessment of bone

age by radiographic methods to detect impaired linear

growth and delayed skeletal maturation, measurement of
insulin-like growth factor-1 (IGF-1) levels, stimulation
tests to evaluate GH secretion, and cranial magnetic
resonance imaging to assess pituitary anatomy [1-3].
Early treatment with recombinant human growth hormone
(rthGH) is necessary to reach a normal growing pattern

during childhood.
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GHD can manifest with a variety of ocular sequelae,
impacting fundamental structures and functions of the
eye. A noticeable consequence in affected individuals,
particularly children, is an observed reduction in retinal
vascularization. Specifically, analyses have revealed a
decreased number of retinal vascular branching points,
indicating potentially suboptimal development of the
retinal blood supply compared to healthy cohorts [4-8].
Interestingly, the administration of growth hormone (GH)
replacement therapy, while systemically beneficial, does
not consistently lead to a significant amelioration of these
specific retinal vascular phenotypes or other quantifiable

retinal neural parameters [9].

Furthermore, individuals with GHD may present with
structural alterations in the choroid. Studies have indicated
apropensity for choroidal thinning, particularly pronounced
in sub foveal and temporal regions [10]. Despite this,
therapeutic intervention with GH does not appear to exert
a substantial influence on the developmental trajectory or

thickness of this choroidal layer in pediatric patients [10].

Optical coherence tomography angiography (OCT-A)
provides detailed visualization of the retinal vascular
network by obtaining contrast from the movement of red
blood cells within the vessels. It uses sequential OCT
scans of a specific retinal area. Unlike fundus fluorescence
angiography (FFA), this angiography method does not use
any dye injection and is therefore non-invasive [11]. While
FFA imaging is limited to the superficial capillary plexus
(SCP) of the retina, OCT-A can be used in the diagnosis of
diseases that may affect the deep capillary plexus (DCP)
[12].

We aimed to compare the OCTA measurements of IGHD
patients who have not received GH treatment with those of
IGHD patients who have been undergoing GH treatment for
4 months and those who have been receiving GH treatment

for at least 1 year.

MATERIALS AND METHODS

The present study was designed as a retrospective, single-
center investigation. We reviewed the data of the patients
who have the diagnosis of IGHD and were referred from the
pediatric endocrinology unit of the pediatrics department
of Mersin City Training and Research Hospital, between

January 2024 and September 2025.The local institutional

review board and ethics committee of the faculty of
medicine of Mersin University approved the study protocol
(1095/10/2025).

The patients who were equal to or less than 16 years old,
had no history of any ocular disease or had no additional
systemic disease other than IGHD and were not receiving
any therapy other than thGH for the consulted group, were
assessed in the study. The patients were excluded from
the study if they had a history of preterm or small-for-
gestational-age at birth, a diagnosis of systemic or ocular
diseases such as hepatic or renal disease, hypertension,
cardiovascular disease, thyroid disease, high refractive

errors, glaucoma, uveitis.

We divided the patients into three groups. The first group
consisted of children who had not yet started thGH therapy,
the second group included children who had received rhGH
treatment for 4 months, and the third group comprised
children who had been receiving thGH treatment for at

least 12 months.

Pubertal status was determined according to Tanner criteria,
using breast maturation in girls and genital maturation in
boys. [13] All participants underwent a comprehensive
clinical and laboratory evaluation, including complete
blood count, routine biochemical analyses, thyroid function
tests, and measurement of serum tissue transglutaminase
antibodies to exclude other causes of growth impairment.
Skeletal maturation was assessed by bone age determination
using the Greulich-Pyle reference atlas. Cranial magnetic
resonance imaging focusing on the hypothalamic—pituitary
region was performed in all patients to identify possible
structural abnormalities. Growth hormone secretion
was evaluated by two pharmacological stimulation tests
employing L-dopa and clonidine. Serum insulin-like growth
factor-1 (IGF-1) and insulin-like growth factor binding
protein-3 (IGFBP-3) concentrations were also assessed. A
diagnosis of growth hormone deficiency was established
when the peak GH concentration remained below 10 pg/L
in both stimulation tests, together with compatible clinical
findings, auxological parameters, and biochemical results,
in accordance with established Growth Hormone Research
Society recommendations. [14] Initially dose of 0.025 mg/
kg/day of thGH was started in patients of group 2 and
group 3. Data of the patients, who were asked to attend

follow-up visits at the endocrinology and ophthalmology
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clinics, were obtained by scanning the patients’ folders,

retrospectively.

Visual acuity, anterior segment, and fundus findings

were obtained from ophthalmological examination
records. Retinal microvasculature evaluated with OCT-A
(Heidelberg OCT II Spectralis) images via OCTAVA
(OCT-A Vascular Analyzer) image analysis software.
OCTAVA is an open-source toolbox that can analyze retinal
OCT-A image. OCTAVA graphical user interface with
added metrics for retinal analysis was given in Fig 1. [15]
OCT-A analyses were performed by a single analyst who

was masked to group assignment.
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As the aim of the study, we compared OCTAVA

measurements among three groups.
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Statistical Analysis

Statistical analyses were performed using SPSS version
25.0 software (IBM Corp., Armonk, NY, USA). Data
normality was assessed using the Shapiro—Wilk test.
Comparisons of OCTA parameters according to treatment
groups were performed using the Kruskal-Wallis test.
When the Kruskal-Wallis test indicated a statistically
significant difference, post-hoc pairwise comparisons
were conducted using the Mann—Whitney U test with
Bonferroni correction. For comparisons among the three
treatment groups, the Bonferroni-adjusted significance
threshold was set at p < 0.0167. Effect sizes for significant
pairwise Mann—Whitney U comparisons were calculated
as r = |Z|/NN, where N represents the total number of
observations in the two compared groups. Post-hoc power
analysis was performed for OCTA parameters to evaluate
whether non-significant findings might be related to limited
statistical power. To account for the non-parametric nature
of the data, statistical power for the Kruskal-Wallis test was
calculated using the non-parametric eta-squared (n?) effect
size index, defined as n* = (¥* — k + 1)/(N — k), where ¥*
represents the Kruskal-Wallis test statistic, k is the number
of groups, and N is the total sample size (N =47 eyes). The
non-centrality parameter (A = N x 1?), together with the
corresponding degrees of freedom, was used to estimate
the achieved statistical power for nominally significant
and non-significant parameters. The distribution of Tanner
stages among the study groups was compared using
Fisher’s exact test because the assumptions for Pearson’s
chi-square test were not met due to small expected cell
counts. All statistical tests were two-sided. A p value < 0.05
was considered statistically significant for overall Kruskal—
Wallis comparisons. For post-hoc pairwise comparisons,
Bonferroni-adjusted significance thresholds were applied

as described above.
RESULTS
Demographic data

A total of 47 eyes from 47 patients were included in the

study. To avoid potential inter-eye correlation and ensure

statistical independence of the observations, only the right
eye of each participant was selected for analysis. Among
the 47 participants included in the study, 16 were assigned
to Group 1, 14 to Group 2, and 17 to Group 3. Considering
follow-up durations, nine patients were followed for 12-24
months, whereas eight patients had follow-up longer than
24 months, in group 3. Demographic data was given in
Table 1.

Thirty-two patients (68.1%) were male and fifteen patients
(31.9%) were female. The mean age was 11.67 + 2.94
years (range: 5.50-16 years). The 47 analyzed eyes were
distributed across Tanner stages as follows: 14 eyes
(29.8%) in Tanner stage 1, 9 eyes (19.1%) in stage 2, 15
eyes (31.9%) in stage 3, 5 eyes (10.6%) in stage 4, and 4
eyes (8.6%) in stage 5. The distribution of Tanner stages
differed significantly among the three study groups (7able
2). Stage 1 was observed predominantly in Groups 2 and 3,
whereas stages 4 and 5 were mainly represented in Group
3.

Treatment duration differed significantly among the
three groups. Post-hoc pairwise comparisons showed
significantly higher treatment duration in group 2 compared
with group 1 (p< 0.001, r = 0.98), in group 3 compared
with group 1 (p<0.001, r = 0.88), and in group 3 compared

with group 2 (p< 0.001, r = 0.86).
Assessment of OCTA parameters

Changes in the parameters according to the study groups
were shown in Table 3. Comparison of OCTA parameters
among the three study groups revealed a statistically non-

significant difference in all parameters. (p> 0.05).
Post-hoc power analysis

Post-hoc power analysis for the Kruskal-Wallis test was
performed using the non-parametric eta-squared (1?) effect
size. Among the non-significant parameters, the achieved
power ranged from 5.0% to 37.5%, suggesting that the
non-significant findings should be interpreted with caution

because of the limited statistical power.
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Table 1: Demographic Data

Group 1(n=16) Group 2 (n=14) Group 3 (n=17) P value
Age (years) 12 (7-14) 11.60 (6-14.50) 14 (5.5-16) 0.323
Height (cm) 135.65 (104-147.60) | 132 (104.80-151.90) | 146.60 (110-163.50) 0.190
Weight (kg) 32.55 (15-56.60) 29.60 (15.60-46) 37.50 (16-64.80) 0.384
Treatment duration 0 4 24 (12-36) <0.001"
(months)
Table 2. Distribution of Tanner stages according to the study groups.
Tanner stage Group 1 Group 2 Group 3 Total p value
Stage 1 1 (6.2%) 6 (42.9%) 7 (41.2%) 14 (29.8%)
Stage 2 7 (43.8%) 0 (0.0%) 2 (11.8%) 9 (19.1%)
Stage 3 8(50.0%) 6 (42.9%) 1 (5.9%) 15 (31.9%)
Stage 4 0 (0.0%) 2 (14.2%) 3 (17.6%) 5(10.6%)
Stage 5 0 (0.0%) 0 (0.0%) 4 (23.5%) 4 (8.6%) <0001
Total 14 17 47
Table 3: OCTAVA measurements among 3 groups
Parameter Group 1 (n=16) Group 2 (n=14) Group 3 (n=17) p value
VAD 24.65 (2.74-38.20) 33.23 (7.20-38.30) 31.85(20.17-37.99) 0.202
VLD (mm) 14.72 (1.69-25.28) 19.76 (4.12-24.66) 19.59 (11.32-25.18) 0.183
Total VL 123.82 (14.29-212.59) 166.23 (34.73-207.37) 164.83 (95.17-211.75) 0.183
Mean VL 69 (58-151) 67 (55-74) 65 (50-74) 0.193
Median VL 48 (38-53) 47 (41-51) 47 (35-55) 0.819
Mean VD 17 (15-18) 17 (15-19) 17 (15-18) 0.976
Median VD 16 (14-17) 17 (13-17) 16 (14-17) 0.507
BD 1.46 (0-8.22) 1.44 (0-7.41) 1.32 (0-5.23) 0.445
Tortuosity 1.04 (1-1.15) 1.07 (1-1.23) 1.02 (1-1.17) 0.277
FAZ Area 0.43 (0.10-0.94) 0.40 (0.03-0.71) 0.45 (0.03-0.97) 0.616
Circularity 0.59 (0.21-0.83) 0.74 (0.60-0.96) 0.68 (0.24-0.96) 0.108
Acircularity Index 1.31 (1.09-2.20) 1.17 (1.01-1.29) 1.17 (1.00-2.05) 0.145
Axis Ratio 1.12 (1.02-5.90) 1.14 (1.03-1.91) 1.14 (1.03-1.98) 0.973
FAZ VD 7 (2-28) 9 (3-26) 7 (1-30) 0.709
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DISCUSSION

Evidence from experimental animal models indicates a
potential contribution of GH to retinal neural formation
and eye development. Harvey et al [16] supported this
information by showing GH is present in both retina and
vitreous fluids in humans. Previous researches have largely
concentrated on retinal neural tissue. When patients with
GH deficiency were compared with healthy controls,
no differences were observed in retinal nerve fiber layer
(RNFL) thickness, macular thickness, or overall retinal
thickness. Yuce and colleagues [9] suggested that the
development of retinal neural tissue occurs independently
of GH levels during the early intrauterine period, or it may

be influenced by non-pituitary or locally produced GH.

The effect of GH on retinal vasculature has not been
fully clarified. Retinal angiogenesis is mainly completed
during the intrauterine period. Hellstrom and friends
[7] found that retinal vascularity decreases in children
with IGHD whether or not they receive thGH therapy.
Vascular branching points were significantly reduced when
compared with age-matched healthy subjects. According to
these findings they suggested that GH may be important
for angiogenesis. It has not yet been clearly established
whether GH exerts a direct effect on retinal angiogenesis
or acts indirectly through other mediators. Recently,
research interest has increasingly shifted toward locally
synthesized angiogenic mediators, including vascular
endothelial growth factor, fibroblast growth factor, and
insulin-like growth factors I and II (IGF-I and IGF-II) [17-
19]. Sonntag at al [20] researched in rodent models and got
new evidence indicating that the GH/IGF-I axis may play
a role in regulating angiogenesis within the brain. Smith
et al [21] found that IGF-1 has a critical role on retinal
angiogenesis. They inhibited the GH-receptors in mice. As
aresult, IGF-1 levels decreased and neovascularization was
inhibited. However, they administered exogenous IGF-1 in
the presence of GH -receptor inhibition and they showed

that neovascularization was started.

In the study of Yuce at al, they searched for the differences
in the neural and vascular parameters between 28 children
with isolated GHD and controls. Macular thickness and
RNFL thickness were not different between groups while
retinal vascularization decreased in GHD group. Similar

to our result, they also suggested that one year of GH

treatment did not cause any retinal neuro-vascular changes

[9].

Menezesetal found decreased branching points with OCT-A
in adults with lifelong congenital IGHD when compared
with healthy controls. On the other hand, other results such
as normality of the foveal thickness, foveal avascular zone,
superficial and deep retinal vascular densities were thought
about presence of local compensatory mechanisms in the

retinal microvascular architecture [22].

Omar et al investigated the differences of vessel densities
with OCT-A in terms of superficial capillary plexus, deep
capillary plexus and choriocapillaris between the children
with congenital IGHD under thGH therapy and healthy

controls. Results were statistically nonsignificant [23].

As a summary, some OCTA-based studies of idiopathic
GH deficiency demonstrate reduced microvascular density,
whereas others show largely preserved retinal and choroidal
structure and perfusion. In the literature, we were unable
to find any study evaluating OCT-A data of patients who
had used rhGH for more than two years. In this regard, our

study is the first to investigate this issue.

Within the constraints of this retrospective, non—control-
comparator study and a modest sample size, we did not
observe statistically significant differences in OCT-A-
derived retinal microvascular parameters across groups
stratified by rhGH therapy duration. These findings are
compatible with the interpretation that, GH therapy does
not produce large, readily detectable alterations in retinal
microcirculation; nonetheless, inference is tempered by
several limitations. First, this study’s retrospective design
introduces potential selection and information biases, and
the absence of a healthy control group limits contextual
interpretation of the findings. Second, the sample size was
small, which reduces statistical power and may limit the
generalizability of our findings. Third, we did not conduct
longitudinal follow-up, preventing assessment of temporal
trajectories and limiting conclusions about progression
or durability of effects. Fourth, patients in Group 3 had
significantly higher Tanner stages than those in the other
groups. Because pubertal maturation may influence
retinal microvascular parameters, this baseline imbalance
represents a potential confounding factor and should be

considered when interpreting the study findings. Future
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studies should include groups matched for pubertal stage
or adjust for Tanner stage in the statistical analysis. Larger,
prospectively designed investigations with standardized
longitudinal follow-up and appropriately matched controls

are warranted to refine these estimates.
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