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ABSTRACT

Purpose: To evaluate the retinal and choroidal microvasculature after one or two horizontal
rectus muscle surgeries in strabismus patients using swept-source optical coherence tomography
angiography (SS-OCTA).

Methods: 30 eyes of 26 patients who underwent horizontal rectus muscle surgery were included
in this study. Group A, A’ and Group B, B’ respectively consisted preoperative and postoperative
measurements of patients who underwent one or two horizontal rectus muscle surgeries. We
analyzed the vessel density (VD) of the superficial vascular complex (SVC), the deep vascular
complex (DVC), the choriocapillary layer (CC), choroidal vascular index (CVI), choroidal thickness
(T-Ch) and retinal nerve fiber layer thickness (T-RNFL) preoperatively, and one week postoperatively.
Results: Only in the nasal sector of the perifoveal zone, the VD in SVC demonstrated a significant
increase in Group A’ (p=0.027). There was a statistically significant difference in the VD changes
of SVC between Group A and Group B (p=0.043). The VD in DVC did not change significantly in
the whole macular compared with the preoperative. Moreover, in both Group A’ and Group B; the
VD in CC showed a reduction in a single sector of the parafoveal area (p<0.05). Group A" have
increased CVI in the nasal sector of the perifoveal region (p=0.008). In addition, the T-Ch increase
in the perifoveal region was more significant in Group B’ than in Group A’ (p<0.05). Group A’
showed statistically significant decreases in T-RNFL in the foveal and parafoveal regions (p<0.05).
Conclusion: This study revealed that the increase in choroidal thickness was more significant
after two rectus muscle surgery. In addition, there were microvascular changes in sectional
macular regions after strabismus surgery. OCTA is an excellent way to study the impact of
strabismus surgery on the macular structure and blood flow.

KEY MESSAGES
We used SS-OCTA, which provided more objective and accurate measurements, to assess macular
vessel density and thickness of retinal and choroid after one or two horizontal rectus muscle surgeries.
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Introduction

The anterior ciliary artery (ACA) originates from the
ophthalmic artery (OA) and crosses the sclera into the
eye accompanying four rectus muscles. Typically, there
is only one ACA on the lateral rectus muscle (LR) while
there are two ACAs on the other three rectus muscles
[1,2]. The ACAs provide 70-80% of the blood supply to
the anterior segment of the eye [3,4]. Strabismus sur-
gery on the rectus muscles may transect the ACAs and

result in altered hemodynamics in the anterior seg-
ment. Anterior segment ischemia (ASIl) is a serious
complication of strabismus surgery [5]. The risk of ASI
is increased when strabismus surgery is performed on
two or more muscles [6,7]. The retinal arteries, the
posterior ciliary arteries, and the ACAs all originate
from the OA [8]. The transection of the ACAs in stra-
bismus surgeries results in altered hemodynamics of
the OA and then affects the blood flow of retinal
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This study revealed that the increase in choroidal thickness was more significant after two rectus muscle surgery compared to one rectus muscle surgery.
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arteries and posterior ciliary artery, which supply the
retina and choroid. All rectus muscles carry ACAs, so
the number of operated muscles may influence the
postoperative hemodynamics of the retinal and cho-
roid in varying degrees.

Previously, the changes in ocular hemodynamics
after strabismus surgery have been evaluated by
colour Doppler ultrasonography (CDI) [1-3,9,10], fluo-
rescein angiography [11] and indocyanine green angi-
ography [6,12], fundus photography [4]. However,
there are conflicting results on whether ocular hemo-
dynamics changes after strabismus surgery on one or
two horizontal rectus muscles. In addition, some OCT
studies have also analyzed the structural changes of
the macula and the choroid after strabismus surgery,
but no consistent conclusions have been obtained
[13-19]. Therefore, it is of significance to explore the
postoperative changes in microvasculature and thick-
ness of the retina and choroid in strabismus patients.

Swept-source optical coherence tomography angi-
ography (SS-OCTA) is a noninvasive method of imag-
ing the retina and optic disc with faster scan speeds,
denser scan patterns, and larger scan widths [20]. It
allows visualization of the posterior pole microvascula-
ture without dye injection and allows assessment of
vessel density (VD) in specific retina and choroid layers
[21]. Only a few recent OCTA studies have evaluated
microvascular changes in the retinal capillaries plexus
and choroidal capillaries plexus after strabismus sur-
gery, which have provided diverse results depending
on the different times of follow-up [22-25]. Besides,
they have not investigated whether there is a differ-
ence in the retinal and choroid changes after one or
two horizontal rectus muscle surgeries [22-25]. The
aim of this study was to use SS-OCTA to assess macu-
lar vessel density and thickness of retinal and choroid
1week after one or two horizontal rectus muscle sur-
geries in strabismus patients, which provided more
objective and accurate measurements.

Subjects and methods

The study was approved by the Ethics Committee of
Renmin Hospital of Wuhan University (WDRY2020-K234)
and followed the tenets of the Declaration of Helsinki.
Informed consent was obtained from all subjects for
this study.

Subjects

Patients who underwent horizontal rectus muscle sur-
gery in the Eye Center of Renmin Hospital of Wuhan

University from May 2021 to April 2022 were included
in this study. Exclusion criteria were as follows: (1)
age < 18 or > 30; (2) the best corrected visual acuity
< 1.0 or axial length > 26.5mm; (3) history of stra-
bismus surgery or intraocular surgery within the past
6 months; (4) history of glaucoma, intraocular inflam-
mation, intraocular media opacifications, and retinal
diseases; (5) history of neurodegenerative diseases;
(6) patients who were unable to cooperate at OCTA
imaging and those whose images had significant arti-
facts or poor image quality.

Patients were divided into two groups based on the
number of muscles operated. Group A comprised pre-
operative data from 16 eyes of 12 patients, each of
whom underwent one horizontal rectus muscle reces-
sion (the medial rectus or the lateral rectus). Group B
comprised preoperative data from 14 eyes of 14
patients who underwent two horizontal rectus muscle
surgeries, including recession of the medial rectus
(MR), recession of the LR, resection of the MR and
resection of the LR. Group A’ and B’ respectively com-
prised postoperative data from patients who under-
went one and two horizontal rectus muscle surgeries.

After obtaining a comprehensive medical history, all
patients underwent a comprehensive ophthalmologic
examination preoperatively and one week postopera-
tively, including assessment of visual acuity, detailed
slit-lamp anterior segment examination, fundoscopy,
intraocular pressure measurement, eye movement
examination, degree of deviation (alternating coverage
tests using prisms at near (33cm) and distant (6 m)),
and OCTA assessment.

OCTA

OCTA data were acquired using a commercial SS-OCTA
instrument (VG100, SVision Imaging, Ltd., Luoyang,
China). A 6 x6mm? scanning pattern centered on the
fovea was used to assess the macular microvascula-
ture. The retinal vasculature was evaluated in three
horizontal segmentations: the superficial vascular
complex (SVC), the deep vascular complex (DVC), and
the choriocapillary layer (CC). The SVC was defined as
the layer starting from 5um above the inner limiting
membrane to the junction of the inner plexiform and
inner nuclear layers (IPL/INL). The DVC extended from
the junction of IPL/INL to 25pum below the outer
plexiform layer. The CC consisted of the capillaries in
the layer from 10 um above the Bruch’s membrane to
25um below it. The VD of SVC, DVC and CC, choroi-
dal vascular index (CVI, the ratio of the luminal area
to total choroidal area), choroidal thickness (T-Ch)
and retinal nerve fiber layer thickness (T-RNFL) were
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Figure 1. Representative OCTA macular images of different groups. Measurements of a 11-year-old female who underwent one
horizontal rectus muscle surgery are shown in the left column (A-F and A'-F’) and measurements of a 17-year-old female who
underwent two horizontal rectus muscle surgery are shown in the right column (G-L and G’-L). all measurements are automati-
cally calculated in the superior, temporal, inferior, and nasal sectors of the parafoveal and perifoveal area. SVC, superficial vascular
complex; DVC, deep vascular complex; CC, choriocapillary layer; CVI, choroidal vascular index; T-Ch, choroidal thickness; T-RNFL,

retinal nerve fiber layer thickness.

automatically measured using the built-in software
(Figure 1).

The Early Treatment Diabetic Retinopathy Study
(ETDRS) macular subfields consist of foveal area (1.0mm
diameter circle), parafoveal area (1.0mm inner diameter,
3.0mm outer diameter ring), and perifoveal area (3.0mm
inner diameter, 6.0mm outer diameter ring). The parafo-
veal area and perifoveal area were divided into superior,
temporal, inferior, and nasal sectors.

Data analysis

The SPSS version 23.0 was used for statistical analysis.
The Shapiro-Wilk test was used to determine the dis-
tribution and normality of the data. Paired sample t
test or paired Wilcoxon signed rank test was performed
to compare differences between preoperative and
postoperative 1week. Independent sample t test or
Mann-Whitney U test was used for comparison
between Group A and Group B. p<0.05 was consid-
ered to be statistically significant. All data were
expressed as mean and standard deviation (SD).

Results

A total of 30 eyes of 26 strabismus patients (16 women,
62%) undergoing horizontal rectus muscle surgery were

included, with a mean patient age of 18.00+ 10.96 years
in Group A and 25.57+9.33years in Group B. The aver-
age deviation in Group A was 29.00+8.95PD at near
and 21.41+545PD at distant while the average devia-
tion in Group B was 59.71+1531PD at near and
51.36+10.59PD at distant. There was a significant differ-
ence in the average deviation between the two groups
(p<0.05). The modalities of the strabismus surgery
included recession and resection of the extraocular
muscles. No intraoperative or postoperative complica-
tions were observed.

Measurement of capillary vessel density

Only in the nasal sector of the perifoveal zone, the VD
in SVC demonstrated a significant increase in Group A’
compared with Group A (p=0.027; Figure 2). The VD in
SVC did not change significantly in Group B’ (p>0.05;
Figure 3). One week after surgery, there was a statisti-
cally significant difference in the VD changes of SVC
between Group A’ and Group B’ (p=0.043; Table 1).
Moreover, comparisons between Group A and A, Group
B and B’ revealed that the VD in DVC did not change
significantly in the whole macular (p>0.05). In addi-
tion, in Group A’ and Group B; the VD in CC all showed
a reduction in a single sector of the parafoveal area
(p=0.045, p=0.025). In addition, Group A’ showed
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Figure 2. Changes in macular vessel densities, retinal nerve fiber layer and choroidal thickness preoperatively and postoperatively
in eyes undergoing one horizontal rectus surgery. VD, vessel density; SVC, superficial vascular complex; DVC, deep vascular com-
plex; CC, choriocapillary layer; CVI, choroidal vascular index; T-Ch, choroidal thickness; T-RNFL, retinal nerve fiber layer thickness;

S, superior; T, temporal; |, inferior; N, nasal.

increased CVI in the nasal sector of the perifoveal
region after surgery (p=0.008).

Retinal nerve fiber layer and choroidal thickness
measurements

The T-Ch in the foveal, parafoveal and perifoveal areas
of the operated eyes were significantly increased in
both Group A’ and Group B’ (p<0.05; Figure 3) (except
for the superior and inferior sectors of the perifoveal
area in Group A’). Moreover, the T-Ch increase in the
perifoveal region was more significant in Group B’ than
in Group A’ (p<0.05; Table 2). Eyes in Group A’ showed
statistically significant decreases in T-RNFL in the foveal
and parafoveal regions (p<0.05). The temporal T-RNFL
in the parafoveal and perifoveal regions decreased in
Group B’ (p=0.026, p=0.023).

Discussion

Our study showed some peripheral microvascular
changes in the retina and choroid after strabismus sur-
gery, but the central macular area was unaffected. For
thickness, the choroidal thickness increased signifi-
cantly and the RNFL thickness decreased after surgery.
In addition, by comparing OCTA measurements of
patients undergoing one or two horizontal rectus mus-
cle surgeries, we found that the increase in choroidal
thickness was more significant after two rectus mus-
cles surgery.

In our study, we observed an increase in SVC and
CVI in the nasal sector of the perifoveal region 1week
after surgery, which may result from an inflammatory
response induced by surgery or a compensatory
mechanism to prevent hypoperfusion after injury to
the ACAs [22-25]. Earlier color Doppler ultrasound
studies have shown an increase in the retrobulbar
blood flow velocity 1day after single or double rectus
muscle surgeries, and the increase was thought to be
the expected outcome in an inflammatory state [2,9].
However, it may signal a reduction in inflammation
that all velocities and measurements had returned to
baseline by postoperative day 7 [2,9]. Recently, OCTA
studies were performed to measure hemodynamic
changes in the retina and choroid, one of which
revealed a transient increase in deep capillary plexus-
(DCP) and CC 1day after strabismus surgery, with no
significant change in superficial capillary plexus(SCP)
[24]. Our results showed significant differences in just
some subregions, which may be because the inflam-
mation has gradually reduced at postoperatively one
week or the compensatory capacity is so strong that
the vascular perfusion of the retina and choroid have
not been affected widely. In addition, the retinal and
choroidal blood flow in some peripheral regions
changed after strabismus surgery while the foveal
blood flow remained the same as before surgery in
our study, which may be due to the stronger compen-
satory capacity of the foveal region. Moreover, Vagge
et al. [24] reported no alteration in VD of the retina
1month after strabismus surgery by fornix approach



Table 1. Comparision of retinal and choroidal blood flow
changes between patients under one or two horizontal rectus
muscle surgeries.

Group A’ - Group

Group B’ - Group

A(mean+SD) B(mean+SD) p Value
VD, SVC(%)Foveal -0.18+2.22 0.16£3.13 0.731
VD, SVC(%) 0.94+2.62 —0.62+3.86 0.199
Parafoveal
Superior 0.69+3.51 0.01x3.62 0.604
Temporal -0.12£3.11 —0.37£4.00 0.845
Inferior 2.18+4.90 —-1.80£5.93 0.054
Nasal 1.02+4.09 -0.30+4.13 0.386
VD, SVC(%) 2.70+5.26 —0.40+£4.14 0.087
Perifoveal
Superior 1.83+5.50 1.14+4.68 0.716
Temporal 0.38+4.33 -1.04+4.24 0.618
Inferior 3.29+6.99 —-1.23+£5.68 0.064
Nasal 4.58+7.48 —0.29+4.48 0.0432
VD, DVC(%)Foveal —0.10£2.62 —0.34+£3.86 0.841
VD, DVC(%) -0.31+2.86 —-0.59+3.06 0.799
Parafoveal
Superior -0.12+3.44 0.22+4.11 0.806
Temporal —0.64+3.10 —0.43+£2.79 0.847
Inferior 0.24+3.38 —1.81+4.86 0.262
Nasal —0.74£4.10 —0.34+£2.38 0.749
VD, DVC(%) -0.10+3.16 0.39+3.79 0.701
Perifoveal
Superior -0.67+2.23 0.29+5.96 0.430
Temporal —1.24+£4.57 1.75+4.34 0.077
Inferior —0.13+5.83 —-0.72+5.39 0.803
Nasal 1.02+5.71 0.27+3.32 0.967
VD, CC(%)Foveal —0.05+4.91 -1.22+7.50 0.613
VD, CC(%) —2.09+4.67 —1.49+£5.56 0.752
Parafoveal
Superior —-1.53+4.97 —-0.77+£7.79 0.749
Temporal -1.70+5.70 -0.91+6.09 0.533
Inferior -1.65+£7.00 —-3.59+£5.31 0.404
Nasal —3.46+6.31 -0.71+6.40 0.247
VD, CC(%) —1.51£5.22 —0.72+£3.88 0.648
Perifoveal
Superior —-1.33£5.92 0.74+3.64 0.268
Temporal —-2.44+8.16 -1.51+£5.59 0.722
Inferior —0.05+£5.07 —-1.03+£4.34 0.576
Nasal —2.21+891 -1.08+4.70 0.665
CVI Foveal 0.00+0.03 0.01+0.04 0.758
CVI Parafoveal 0.00+0.03 0.01+0.04 0.407
Superior 0.01+0.02 0.01+0.04 0.575
Temporal —0.01+0.06 0.02+0.04 0.360
Inferior 0.01+0.04 0.00+0.03 0.146
Nasal 0.01+0.03 0.02+0.05 0.449
CVI Perifoveal 0.01+0.02 0.00+0.03 0.548
Superior 0.00+0.03 0.00+0.03 0.886
Temporal —0.02+£0.04 0.00+0.04 0.281
Inferior 0.02+0.03 0.00+0.04 0.199
Nasal 0.03+0.04 0.01+0.03 0.183

All data are expressed as mean and standard deviation (SD).

aStatistically significant results (p <0.05).

VD: vessel density; SVC superficial vascular complex; DVC: deep vascular
complex; CC: choriocapillary layer; CVI: choroidal vascular index.

while Inal et al. [23] claimed that there was still a sig-
nificant increase in VD measurements in both SCP and
DCP 3months after surgery by limbal conjunctival
incision. We speculated that the duration of the
hemodynamic disturbances varied because of differ-
ent surgical methods. Furthermore, there was no sig-
nificant difference in VD changes between Group A’
and Group B’ except the VD of SVC in the perifoveal
nasal sector, indicating that one or two muscle

ANNALS OF MEDICINE € 5
procedures did not influence the extent to which
blood flow was altered. OCTA is an excellent way to
detect changes of microvessel in the retina and cho-
roid for early discovery of ischemia or inflammation.

Consistent with the results of Mintz et al. Atalay
et al. and Alis et al. [15,17,19], we found that rectus
muscle surgery resulted in increased choroidal thick-
ness, which may be due to mechanical traction of cho-
roidal microcirculation during the operation and
postoperative inflammation. On the one hand, the dis-
ruption of ACAs and obstruction of venous drainage
caused by recession or resection of the rectus muscle
may lead to choroidal circulation disturbance, resulting
in the thickening of the choroid [17]. Another possible
explanation is that the temporary increase of T-Ch is
related to inflammation. Surgical trauma can lead to
the release of proinflammatory cytokines and prosta-
glandins in the aqueous humor, and then they reach
the retina through the vitreous body and damage the
internal and external blood-retinal barrier [17]. The
increased vascular permeability can cause a large
amount of fluid to leak into the retina, leading to cho-
roidal thickening. Regardless of the number of muscles
that intervened, inflammation after strabismus surgery
may cause an inflammatory cascade in the posterior
segment [19]. In contrast to Alis et al's result that there
was no difference between one and two horizontal
rectus muscle surgeries, we found a more significant
increase in choroidal thickness in Group B; which may
result from the greater intraoperative strain and post-
operative inflammatory response in two rectus mus-
cles surgery. Therefore, strabismus patients’ fundus
blood flow is suggested to be a consideration in sur-
gical choice. In addition, we observed a decrease of
T-RNFL in some regions after surgery compared with
preoperative, which was more significant in patients
who underwent one rectus surgery. Though Alis et al.
[19] did not find any significant changes in RNFL thick-
ness 1week after surgery, there was a decreasing trend
in patients undergoing one horizontal rectus surgery,
which may be the result of blood flow changes post-
operatively. However, more researches are needed to
confirm our above inference.

This study has the following limitations: First, the
sample size is small. Further studies with a large sam-
ple size will help us to clarify the impact of strabismus
surgery on ocular microvasculature and thickness
changes. Second, the changes of the retinal and cho-
roidal blood flow were mainly focused in the early
postoperative period, while alteration of them in
long-term follow-up was lacking. Third, comparison
between the recession and resection should be under-
taken to explore impact of surgical methods more
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Figure 3. Changes in macular vessel densities, retinal nerve fiber layer and choroidal thickness preoperatively and postoperatively
in eyes undergoing two horizontal rectus surgery. VD, vessel density; SVC, superficial vascular complex; DVC, deep vascular com-
plex; CC, choriocapillary layer; CVI, choroidal vascular index; T-Ch, choroidal thickness; T-RNFL, retinal nerve fiber layer thickness;

S, superior; T, temporal; |, inferior; N, nasal.

Table 2. Comparision of choroidal and retinal nerve fiber layer

thickness changes between patients under one or two hori-

zontal rectus muscle surgeries.
Group A’ - Group

Group B’ - Group

A(mean +SD) B(mean +SD) p Value
T-Ch Foveal 9.41+£1348 22.24+35.43 0.318
T-Ch Parafoveal 9.70+13.69 22.44+28.83 0.228
Superior 9.03+14.67 21.24+32.33 0.184
Temporal 9.12+14.97 20.09+29.85 0.299
Inferior 10.63+£14.85 23.12+30.48 0.170
Nasal 9.92+11.76 25.23+28.15 0.135
T-Ch Perifoveal 8.67+15.38 25.44+22.63 0.0282
Superior 7.85+15.09 26.60+24.22 0.0212
Temporal 9.30£16.16 24.52+27.53 0.071
Inferior 9.24+17.77 25.63+21.94 0.031°
Nasal 9.80+11.86 23.77+25.15 0.198
T-RNFL Foveal —-1.02+£1.23 -0.48+1.54 0.296
T-RNFL Parafoveal —-0.53£1.18 —-0.37+1.32 0.519
Superior —0.48+1.46 —0.43+1.33 0.920
Temporal —-0.57£0.94 —-0.50+0.75 0.819
Inferior —0.43+2.35 —0.40+2.50 0.430
Nasal —0.63£1.33 —-0.16+£1.92 0.431
T-RNFL Perifoveal —0.46+1.19 -0.13+£1.15 0.442
Superior —0.28+£1.81 0.57+£2.45 0.280
Temporal —0.69+1.67 -1.34+1.95 0.337
Inferior -1.08+£3.34 0.55+1.81 0.198
Nasal -0.41+£232 —0.01+2.73 0.669

All data are expressed as mean and standard deviation (SD).
aStatistically significant results (p <0.05).
T-Ch: choroidal thickness; T-RNFL: retinal nerve fiber layer thickness.

convincingly. Finally, the effect of local anesthesia on
ocular blood vessels was not considered.

In conclusion, this study revealed that the increase in
choroidal thickness was more significant after two rectus
muscle surgery compared to one rectus muscle surgery,
which may be the result of the greater intraoperative
strain and postoperative inflammatory response. In

addition, there were microvascular changes in sectional
macular regions after one or two horizontal rectus muscle
surgery. OCTA is a very effective tool for monitoring
impact of strabismus surgery or extraocular surgery on
the structure and blood flow of the retina and choroid,
with which the clinician can detect changes of microves-
sel in the retina and choroid earlier and give the patient
appropriate intervention early on.
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