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Abstract
Background The aim of study was to evaluate the retinal layers and macular capillary network with OCTA in acromegaly
patients, to compare with healthy population.
Methods In this prospective, observational, and comparative study, 40 acromegaly patients and 40 healthy control parti-
cipants were included. Serum IGF-1 levels and disease duration of all patients were noted. Macular layers and angiography
scanning was performed with a Zeiss Cirrus 5000 OCTA system. Macular thickness, RNFL, and GC-IPL values were
obtained. For central vessel and perfusion density, central 6 mm was obtained and was evaluated by dividing into three
groups (inner, outer, full). FAZ parameters were evaluated dividing into three groups (area, perimeter, circularity index).
Analysis of the data was performed with the SPSS for Windows.
Results There was no significant difference between the patient group and the control group in terms of age, gender, best
corrected visual acuity (BCVA), spherical equivalent (SE), intraocular pressure (IOP), and axial length (AL). The mean
follow-up period after diagnosis was 11.0 ± 5.5 years. Central and mean macular thicknesses were also significantly higher
in the acromegaly group (p < 0.05). Superior, inferior, and average RNFL thicknesses were also significantly thinner in the
acromegaly group (p < 0.05). When OCTA parameters were compared between groups, there was a significant decrease in
central vessel density (CVD) and central perfusion density (CPD) values in all regions in acromegaly group compared with
controls (p < 0.05).
Conclusion Our findings with OCTA show that acromegaly causes a significant capillary network decrease according to the
healthy subjects.

Introduction

Acromegaly is a rare chronic disease caused by pituitary
adenoma characterized by hypersecretion of growth hor-
mone (GH) and insulin-like growth factor-1 (IGF-1) [1].
Excessive secretion of GH and IGF-1 can cause skeletal
growth, soft tissue growth, insulin resistance, respiratory,

cardiovascular, and cerebrovascular diseases [2]. In ocular
tissues, growth in extraocular muscles [3], increase in
intraocular pressure (IOP) [4], and increase in corneal
thickness [5] have been shown previously. Also retinal
thickness increase [6], increase in choroidal thickness [7],
ganglion cell complex (GCC) thickness reduction [8–12],
retinal nerve fibre layer (RNFL) thickness increase [6]/
decrease [4, 12], and increase in the incidence of pro-
liferative retinopathy [13] have been shown previously by
using optic coherence tomography (OCT) and fundus
fluorescein angiography.

Endothelial dysfunction occurs in patients with acrome-
galy due to excess GH and IGF-1 [14]. This has been shown
to cause macrovascular problems such as increased thick-
ness of the carotid artery walls, reduced flow in the brachial
artery [15], and microvascular (arteriole, capillaries,
venules) problems such as increased thickness of the vessel
walls [16]. IGF-1 has been accepted as a pleiotropic factor
in the retina, and various effects of IGF-1 have been
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described in retinal immune modulation [17]. Optical
coherence tomography angiography (OCTA) is a non-
invasive imaging technique that allows to analyse and
visualize retinal microvascular perfusion intensity, and to
detect possible changes and to easily interpret retinal
capillary network. Macrovascular and microvascular pro-
blems have been studied in specific areas such as heart and
skin [14], but to our knowledge retinal microvascular
changes in these patients have not been discussed before.

The aim of this study was to evaluate the retinal layers
and capillary network with OCTA in acromegaly patients,
to compare with healthy population, and to investigate the
relationship between these structures and disease duration
and serum IGF-1 levels.

Materials and methods

In this prospective, observational, and comparative study,
total 40 (mean age 47.7 ± 7.8 years) acromegaly patients
and 40 (mean age 47.3 ± 7.2 years) healthy control
participants were included. Only right eyes of the
participants were evaluated for study. All subjects were
informed about the study procedure, and written consent
was obtained. The study followed the tenets of the Helsinki
Declaration and was approved by the institutional ethics
committee.

All participants underwent a detailed ophthalmalogic
examination by the same ophthalmologist (BA). All
individuals with <21 mm or >24 mm axial length (AL),
significant refractive errors (>3 dioptres of spherical
equivalent (SE) refraction), IOP ≥21 mmHg, retinal vas-
cular diseases, uveitis, glaucoma, and pseudoexfoliation,
patients who had previous ocular surgery, presence of any
macular degeneration type, and smokers or ex-smokers
were excluded from the analysis. For the control group,
who did not have any systemic disorders, with the excep-
tion of well-controlled systemic hypertension (systolic
blood pressure: 140 mmHg and diastolic blood pressure:
90 mmHg). The endocrine society clinical practice guide-
line was used to determine the diagnosis of acromegaly
[18]. Serum IGF-1 levels and disease duration of all acro-
megaly patients were noted.

After pupil dilatation, macular angiography was per-
formed with 6 × 6 mm area scanning using a Zeiss Cirrus
5000 system (Carl Zeiss Meditec, Dublin, CA, USA). Speed
of 68,000 A-scans per second and 840 nm wavelength were
used for examinations. The images of the retinal capillary
plexus were analysed, using Cirrus OCTA software
(AngioPlex™, version 10.0) for the evaluations. The
macular 6 × 6 mm area was divided into sectors similar to
the circles of the Early Treatment Diabetic Retinopathy
Study subfields. Mean macular thickness, RNFL, and the

ganglion cell inner plexiform layer (GC-IPL), vessel density
(VD), perfusion density (PD), and foveal avascular zone
(FAZ) parameters were measured by the same experienced
operator (YZG).

Macular thickness, RNFL, and GC-IPL values obtained
from scanning were calculated automatically by the
device. The macular thickness was evaluated as central
and mean. RNFL was evaluated by dividing into four
quadrants (temporal, inferior, nasal, superior) and aver-
aging these four quadrants. GC-IPL was divided into six
regions (inferotemporal, inferonasal, superotemporal,
superonasal, inferior, superior) and the average of these six
regions was evaluated. For central vessel and PD, central
3 mm was obtained and was evaluated by dividing into
three groups (inner, outer, full). FAZ parameters were
evaluated dividing into three groups (area, perimeter, cir-
cularity index).

Statistical analysis

Analysis of the data was performed in the SPSS for Win-
dows 23 (IBM Corp. Released 2012. IBM SPSS Statistics
for Windows, Version 21.0. Armonk, NY: IBM Corp.)
program. Before starting the study, we conducted a power
analysis with the preliminary results of ten healthy and
patient groups. In the preliminary results, the null hypoth-
esis of the VD average is 22.74 (healthy group) and the
alternative hypothesis of the VD average is 17.44 (patient
group) and the estimated group standard deviations 6.07
and 7.29, respectively. It was observed that the sample size
of 35 healthy and 35 patient groups would be sufficient by
using 0.05 significance level (alpha), bilateral two-sided t
test to detect the difference with 90% power. The descrip-
tive statistics were expressed as mean ± standard deviation
for variables with normal distribution, median (quartile
range) for non-normal distributions, and number of cases
and (%) for nominal variables. Pearson Chi-square test and
Fisher’s exact test were used for comparison of descriptive
statistics, as well as qualitative data. The Kolmogorov–
Smirnov distribution test was used to examine the normal
distribution. Mann–Whitney U test was performed for
comparison of non-normally distributed quantitative data of
two groups; Student’s t test was used for normal distributed
data. Kruskal–Wallis test was performed for comparison
among more than two groups of non-normally distributed
quantitative data, and Mann–Whitney U test was performed
to analyse the group causing the difference. For comparison
among more than two groups of normally distributed
quantitative data, ANOVA test was performed and the
group causing the difference is defined with post hoc Tukey
test. Pearson test was used to investigate the relationship
between normally distributed quantitative data; the Spear-
man test was used to examine the relationship between non-
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normally distributed quantitative data. The results were
evaluated at 95% confidence interval, p < 0.05 significance
level.

Results

Forty eyes of 40 acromegaly patients and 40 eyes of 40
healthy control subjects were evaluated. There was no sig-
nificant difference between the patient group and the control
group in terms of age, gender, best corrected visual acuity,
SE, IOP, and AL (Table 1). The mean follow-up period
after diagnosis was 11.0 ± 5.5 years.

Central and mean macular thickness were also sig-
nificantly higher in the acromegaly group (Table 2).
Superior, inferior, and average RNFL thicknesses were also
significantly thinner in the acromegaly group (Table 2).
When GCC thicknesses were compared, there was no dif-
ference between the groups.

When OCTA values were compared between groups, it
was observed that there was a significant decrease in central
VD (CVD) and central PD (CPD) values in all regions in
acromegaly group compared with control group (Table 3).
However, when this comparison was made in FAZ values,
there was no difference between the groups (Table 3). When
the relationship between OCTA and OCT parameters was
examined, there was an inverse correlation between CMT
and FAZ area and perimeter values (rho: −0.300, p: 0.007;
rho: −0.276, p: 0.013, respectively). However, no rela-
tionship was observed between the vascularity indices
(perfusion/VD) and CMT.

The correlation between disease duration and serum IGF-1
levels and parameters obtained by OCT and OCTA
were investigated. There was an inverse correlation between
disease duration and superior, superotemporal, inferior,
inferonasal, and average GCC thicknesses (rho: −0.365,
p: 0.021; rho: −0.315, p: 0.048; rho: −0.415, p: 0.008; rho:
−0.338, p: 0.033; rho: −0.320, p: 0.044). No correlation
was found between disease duration and parameters obtained

with OCTA. Central macular thickness was positively cor-
related with serum IGF-1 levels (rho: 0.337, p: 0.033). There
was no correlation between serum IGF-1 levels and OCTA
values.

Discussion

Serum GH and IGF-1 levels are closely associated with
complications in acromegaly patients [7, 19]. Ocular com-
plications that can be detected and measured by OCT have
been evaluated in many studies. Consistent with the results
of previous studies [6, 20], central macular thickness

Table 1 The ocular and systemic
demographics of groups.

Control group (n= 40) Acromegaly group (n= 40) p value

Age, year, mean ± SD 47.3 ± 7.2 47.7 ± 7.8 0.502

Gender male/female, n (%) 24 (60.0)/16 (40.0) 16 (40.0)/24 (60.0) 0.117

Disease duration, year, mean ± SD 11.0 ± 5.5

IGF-1 level, ng/ml, mean ± SD 208.5 ± 84.1

IOP, mmHg, mean ± SD 16.0 ± 1.6 15.7 ± 1.9 0.815

BCVA, logMAR mean ± SD 0.00 ± 0.00 0.00 ± 0.00 N/A

Spherical equivalent, D, mean ± SD 0.31 ± 0.65 0.28 ± 0.83 0.822

Axial length, mm, mean ± SD 22.7 ± 0.5 22.7 ± 0.7 0.502

BCVA best corrected visual acuity, IOP intraocular pressure, IGF-1 insulin-like growth factor-1, D diopter,
mm milimeter.

Table 2 Comparison of OCT parameters between groups.

Regions Control group
(n= 40)

Acromegaly group
(n= 40)

p value

Median (interquartile range)

Mean macula 279.5 (11.0) 282.5 (12.0) 0.008

Central macula 246.0 (25.5) 252.0 (21.0) 0.023

Superior RNFL 119.0 (17.75) 110.5 (27.25) 0.017

Temporal RNFL 67.0 (11.5) 62.0 (15.0) 0.194

Inferior RNFL 124.0 (19.75) 115.5 (24.5) 0.003

Nasal RNFL 73.5 (9.75) 71.0 (19.0) 0.350

Average RNFL 97.0 (10.75) 90.0 (15.0) 0.010

Inferotemporal GC-IPL 84.0 (7.50) 84.0 (11.0) 0.682

Inferonasal GC-IPL 85.0 (7.0) 87.0 (12.75) 0.350

Superotemporal GC-IPL 82.5 (7.25) 83.0 (8.75) 0.855

Superonasal GC-IPL 86.0 (9.50) 87.0 (11.50) 0.371

Inferior GC-IPL 83.0 (7.75) 84.0 (13.50) 0.357

Superior GC-IPL 85.5 (9.0) 84.5 (12.75) 0.210

Average GC-IPL 84.0 (8.25) 82.0 (9.75) 0.062

Neuroretinal rim area 1.34 (0.25) 1.40 (0.40) 0.996

GC-IPL ganglion cell inner plexiform layer, RNFL retinal nerve
fibre layer.

Significant differences are shown in bold.
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increase was also present in this study. Duru et al. stated
that there was no significant difference when comparing
RNFL thicknesses between healthy and acromegaly groups
[12]. In contrast, Yazgan et al. reported increment in RNFL
thickness in each quadrant [6]. However, Şahin et al.
reported decreased RNFL thickness in inferotemporal and
superotemporal quadrants [8]. In our study, there was a
decrease in RNFL thickness in the inferior and superior
quadrants. This difference may be due to mean disease
duration differences. In addition, similar to the results in this
study, when Duru et al. examined the relationship between
serum IGF-1 levels and RNFL thickness, they found no
correlation [12]. Şahin et al. reported an increase in GC-IPL
thickness [8]. In the present study, GC-IPL thickness did
not differ between the groups. This difference may be due to
either the difference in disease duration or the fact that only
patients without visual dysfunction were evaluated in the
present study.

In experiments in mice, GH and IGF-I have been reported
to have a direct role in vascular restructuring [21] and
endothelial function [22, 23]. It has been previously men-
tioned that metabolic alterations characterizing acromegaly
(increased prevalence of systemic arterial hypertension,
alteration of glucose metabolism, and increased circulating
levels of triglycerides and lipoprotein) and GH/IGF-I excess
can have a direct effect on vascular structure and function
[24]. In the peripheral microcirculation study performed on
acromegaly patients and healthy participants, significantly
more meandering capillaries with a significantly lower

capillary number and length in acromegaly patients than in
healthy subjects were observed [25]. Using this approach,
when retinal vascular structures were evaluated in patients
with acromegaly by OCTA, it was observed that there was
significantly lower CVD and CPD compared with the con-
trol group. In the present study, the acromegaly group was
similar to the control group in the FAZ values (area, peri-
meter, circularity index). In a recent study conducted with
OCTA in patients with diabetes mellitus, there was a sig-
nificant decrease in CVD and CPD in patients with non-
proliferative and proliferative diabetic retinopathy compared
with patients without diabetic retinopathy [26]. However, in
the same study, FAZ values were higher in eyes with non-
proliferative and proliferative diabetic retinopathy than eyes
without retinopathy [26]. Other diabetic retinopathy studies
have also reported decreased capillary and PD [27, 28]. The
development of non-perfused capillary segments in diabetic
eyes should occur for a period of time before clinical reti-
nopathy becomes apparent [29]. Since no obvious retino-
pathy was seen in our acromegaly group, the similarity of
the FAZ values with the control group could be explained in
this way. However, a significant inverse correlation between
the FAZ area and perimeter detected in this study may also
be an indicator of early response to ischaemia in acromegaly
patients. IGF-1, a 70-amino acid, single-chain, polypeptide
macromolecule, cannot pass into the internal retina due to
the tight junctions of the blood–RPE barrier. Considering the
increased CMT, and the correlation between CMT and IGF-
1 in this study, the increase in CMT may be due to thick-
ening in RPE. With this approach, the increase in CMT can
be explained despite the decrease in the vascularity indices
(perfusion/VD).

This study has some limitations, primarily the small
sample size and cross-sectional design. A longitudinal study
would be able to better to assess the retinal capillary net-
work alterations in patients with acromegaly. Differences in
the duration of the disease may have affected the OCTA
parameters by disrupting the homogeneity of the group.
Some drugs used in treatment may also have affected the
current study results. Also, our findings depend on OCTA
auto segmentation results. This technology has some seg-
mentation errors. According to this, the vascularity indices
(perfusion/VD) are still being established and variance may
be technology platform dependent in addition to segmen-
tation strategies.

As a result, we obtained findings consistent with the
literature on OCT parameters. To the best of our knowl-
edge, there are no studies performed with OCTA in patients
with acromegaly. Our findings with OCTA show that
acromegaly causes a significant capillary network decrease
according to the healthy subjects. That means it causes
some form of microvascular atrophy.

Table 3 Comparison of OCTA parameters between groups.

Parameters Control group
(n= 40)

Acromegaly
group (n= 40)

p value

Median (interquartile range)

Central vessel density 11.25 (4.68) 9.5 (1.75) 0.045

Inner 19.05 (0.78) 18.2 (2.25) <0.001

Outer 19.1 (0.8) 18.25 (1.95) <0.001

Full 18.8 (0.58) 18.0 (2.0) <0.001

Central perfusion
density

25.4 (11.15) 20.55 (8.05) 0.002

Inner 45.2 (2.38) 43.35 (4.75) <0.001

Outer 47.2 (1.70) 45.3 (4.8) <0.001

Full 46.2 (1.48) 44.5 (4.48) <0.001

FAZ

Area 0.24 (0.19) 0.24 (0.17) 0.799

Perimeter 2.05 (0.78) 2.09 (0.71) 0.788

Circularity index 0.74 (0.11) 0.75 (0.16) 0.773

FAZ foveal avascular zone.

Significant differences are shown in bold.
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Summary

What was known before

● There was no OCTA study on retinal capillary network
in acromegaly patients.

What this study adds

● The present study shows that there is a significant decrease
of retinal capillary density in acromegaly patients.
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