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ÖZ

AMAÇ: Şaşılık cerrahisinin subfoveal koroid kalınlığı üze-
rine etkilerini araştırmak.

GEREÇ VE YÖNTEM:  Şaşılık cerrahisi geçiren hastala-
rın subfoveal koroid kalınlık (KK) ölçümleri optik kohe-
rens tomografi (EDI-OCT) ile elde edildi. Hastalar 1 rek-
tus kas cerrahisi geçirenler (superior; inferior; medial 
ya da lateral; ve rezeksiyon veya geriletme) (Grup 1) ve 
inferior oblik kas cerrahisi geçirenler (miyektomi) (Grup 
2) olarak sını�andı. Hastaların preoperatif, postoperatif
ilk gün ve postoperatif 1. hafta KK ölçümleri kaydedildi.

BULGULAR: Çalışmaya 41 hastanın 41 gözü dahil edil-
di. Grup 1’deki preoperatif, postoperatif birinci gün ve 
birinci hafta ortalama subfoveal KK’ların sırasıyla 390.57 
± 89.54 µm, 415.23 ± 91.77 µm ve 394.8 ± 90.97 µm ol-
duğu tespit edildi. Grup 1’de preoperatif ve postoperatif 
ilk gün karşılaştırıldığında KK’da bir artış olduğu izlen-
di (p = 0.002). Ayrıca, grup 1’de postoperatif ilk gün ve 
1.hafta karşılaştırıldığında, istatistiksel olarak anlam-
lı bir düşüş bulundu (p = 0.007). Grup 2’de preoperatif, 
postoperatif ilk gün ve postoperatif 1. hafta ortalama 
subfoveal KK’ları  sırasıyla 347.75 ± 83.58 µm, 332.75 
± 84.95 µm ve 332 ± 79.15 µm idi. Preoperatif ve  pos-
toperatif ilk gün KK’ları karşılaştırıldığında istatistiksel 
olarak anlamlı olmayan bir düşüş gösterdi (p = 0.532).

SONUÇ: Rektus kası cerrahisi subfoveal KK’da artışa neden 
olmaktadır, bunun cerrahi sırasındaki mekanik traksiyon, 
değişen koroid mikrosirkülasyon ve postoperatif 
in�amasyona bağlı olduğunu düşünmekteyiz. Grup 2’de 
benzer bir artış görmememizin nedeni; inferior oblik kasın 
maküler bölgedeki traksiyonunun gevşemesi ve nispeten 
düşük bir postoperatif in�amasyon nedeniyle olabilir.
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ABSTRACT

OBJECTIVE: To investigate the e�ect of strabismus 
surgery on subfoveal choroidal thickness (CT).

MATERIAL AND METHODS: Measurements of subfoveal 
CT in patients who underwent strabismus surgery were 
obtained by enhanced depth imaging optic coherence 
tomography (EDI-OCT). Patients were grouped as those 
who had had one rectus muscle surgery (superior; inferior; 
medial or lateral; or resection or recession) (Group 1) and 
those who had had inferior oblique muscle surgery (mye-
ctomy) (Group 2). The CT in patients was measured preo-
peratively and at one day and one week postoperatively.

RESULTS:  Included in the study were 41 eyes of 41 pa-
tients. It was found that the preoperative, first day pos-
toperative, and first week postoperative mean subfove-
al CTs in Group 1 were 390.57±89.54 µm, 415.23±91.77 
µm, and 394.8±90.97 µm, respectively. The preoperative 
and first-day postoperative comparison revealed an inc-
rease in CT (p=0.002). However, when the first day pos-
toperative and first-week postoperative measurements 
were compared, a statistically significant decrease was 
found (p=0.007). In Group 2, the preoperative, first day 
postoperative, and first week postoperative mean su-
bfoveal CTs were 347.75±83.58 µm, 332.75±84.95 µm, 
and 332±79.15 µm, respectively. The preoperative and 
first-day postoperative comparison showed a decrea-
se in CT that was not statistically significant (p=0.532).

CONCLUSIONS: Rectus muscle surgery causes an inc-
rease in subfoveal CT, which is possibly caused by the 
altered choroidal microcirculation mechanical tra-
ction during surgery and by postoperative in�am-
mation. We did not see a similar increase in Group 
2; this may be due to the relaxation of the inferior ob-
lique muscle’s traction in the macular region and a 
relatively low level of postoperative in�ammation.
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INTRODUCTION

The choroid is responsible for feeding the ou-
ter retinal segments, which are placed betwe-
en the lamina fusca of the sclera and the retina 
pigment epithelium. Choroidal thickness (CT) 
di�ers according to age, sex, refractive status, 
and circadian rhythm (1,2). Choroidal changes 
are involved in the pathogenesis of many dise-
ases, including choroidal neovascularization, 
central serous chorioretinopathy, and polypo-
idal choroidal vasculopathy (3,6). In order to 
understand the pathophysiology associated 
with CT, studies related to choroidal chan-
ge are being conducted at an increasing rate.

Strabismus surgery is one of the most common-
ly performed ophthalmic surgeries and has a 
significant impact on patients’ quality of life. Re-
cently, subclinical foveal and perifoveal macular 
thickening following extraocular muscle sur-
gery have been reported (7). Because the retina 
and choroid are adjacent anatomical structures, 
we may expect a similar relationship between 
strabismus surgery and CT. In this study, we used 
enhanced depth imaging optic coherence to-
mography (EDI-OCT) to investigate the change 
in subfoveal CT after rectus and inferior oblique 
muscle surgeries in patients with strabismus.

MATERIALS AND METHODS

Institutional review board approval

This retrospective study was conducted with 
the approval of the Institutional Review Bo-
ard of the Gazi University School of Medici-
ne and was performed in accordance with 
the ethical principles described in the Dec-
laration of Helsinki. Informed consent was 
obtained from all the enrolled patients.

Patients with any known systemic diseases 
or severe ocular diseases including uveitis, 
glaucoma, and vascular or inflammatory reti-
nal diseases were excluded from the study, as 
were patients who had undergone ocular sur-
gery previously. In total, 41 eyes of 41 patients 
who had undergone uncomplicated rectus 
muscle or inferior oblique muscle surgeries 
for strabismus were entered into this study. 
Patients were grouped as those who had had 
one rectus muscle surgery (superior; inferi-

or; medial or lateral; or resection or recession) 
(Group 1) and those who had had inferior ob-
lique muscle surgery (myectomy) (Group 2).

All surgeries were performed by the same sur-
geon (HTA). The rectus muscle surgeries were 
performed via limbal incision, while the inferi-
or oblique myectomies were performed throu-
gh fornix incision. A 6-0 Vicryl was used for the 
muscle suturing, and a 7-0 Vicryl was used for 
conjunctival closure. The patients were adminis-
tered a combination of topical tobramycin and 
dexamethasone for one week after the surgery.

A detailed ophthalmologic examination was 
performed preoperatively. EDI-OCT measure-
ments were obtained on the morning of the 
surgery (between 8 - 9 am) in order to refrain 
from diurnal fluctuations. Examinations and 
EDI-OCT measurements were performed be-
fore surgery (as a baseline) and were repeated 
at the first day and first week postoperatively.

Image acquisition and processing

Choroidal imaging was performed using the 
enhanced depth imaging (EDI) mode of the 
Heidelberg spectral domain optical coheren-
ce tomography (SD-OCT) system. (Heidelberg 
Engineering, Heidelberg, Germany). After pro-
perly positioning the patient’s head and chin, 
the patient was told to maintain fixation on 
the internal fixation light while a reverse ima-
ge was obtained from the fundus, which was 
then automatically inverted in order to main-
tain the chorioretinal interface in zero delay. In 
a rectangular area of 5° x 30° including macula 
and optic nerve, 13 sections, and 768 A-scans, 
were taken. For the CT measurement, one secti-
on, passing through the fovea horizontally, was 
used. The distance between the outer margin of 
hyperreflective retinal pigment epithelium and 
the inner border of the sclera was measured for 
CT (Figure 1). 

Only images with a minimum signal strength 
of 45 were taken. CT measurements were per-
formed manually by two di�erent physicians, 
who were blind to each other. The average of 
the two measurements was calculated. The dif-
ference between the measurements of the two 
physicians was within 10% of the average.
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Figure 1: CT measurement, the choroidal mar-
gins were taken as the distance between the 
outer margin of hyperreflective retinal pigment 
epithelium and the internal side of the sclera. 

STATISTICAL ANALYSIS

All data were analyzed using SPSS softwa-
re (Version 16.0, SPSS Inc., Chicago, IL, USA). 
Normality of the data was analyzed by Shapi-
ro-Wilk test found to be non-normally dist-
ributed. Wilcoxon signed-rank test was used 
for the comparison between the preopera-
tive and postoperative measurements. The 
Mann-Whitney U test was used for the com-
parison of age between groups. The Chi-squ-
are test was used for the comparison of gen-
der between groups. Evaluations were made 
at a 95% confidence interval, and a p-value of 
<0.05 was considered statistically significant.

RESULTS

A total of 41 eyes of 41 patients were inclu-
ded, with mean patient age of 19.76±15.48 
years in Group 1 (13 men and 13 women) and 
16.25±10.91 years in Group 2 (8 women and 7 
men). There were no significant di�erences with 
regard to gender (p=0.643) or age (p=0.660) 
between the groups. 

The preoperative, first day postoperative, and 
first week postoperative mean subfoveal CT 
measurements in Group 1 were 390.57±89.54 
µm, 415.23±91.77 µm, and 394.8±90.97 µm, 
respectively. 

The preoperative and first-day postopera-
tive comparison revealed an increase in CT 
(p=0.002). However, when the first day posto-
perative and first-week postoperative measure-
ments were compared, a statistically significant 
decrease was found (p=0.007).

The preoperative, first day postoperative, and 
first week postoperative mean subfoveal CTs in 
Group 2 were 347.75±83.58, 332.75±84.95, and 
332±79.15, respectively. The preoperative and 
first-day postoperative comparison revealed a 
decrease that was not statistically significant 
(p=0.532). No statistically significant di�eren-
ce was found between the preoperative and 
first week postoperative subfoveal CTs in either 
group (p=0.686; p=0.780) (Table 1).

Table1:  Average subfoveal CT measurements.

DISCUSSION

The choroid is essential for the oxygenati-
on of the outer retinal layers up to the inner 
nuclear layer and is particularly important for 
feeding the foveal avascular zone. Develop-
ments in OCT technology have allowed for a 
more detailed examination of the choroid (8).

In the present study, our aim was to evalu-
ate the change in subfoveal CT after rectus 
and inferior oblique muscle surgeries in pa-
tients with strabismus. The subfoveal CT inc-
reased temporarily in Group 1, but there was 
not a significant change in that of Group 2.

The anterior ciliary arteries (ACA)  run along 
with the rectus muscles and have been estima-
ted to provide 70%–80% of the blood supply 
to the anterior segment (9).  A study by Kimu-
ra et al. found a temporary increase in CT after 
scleral buckle surgery. They suggested that 
the increase in CT may be due to a reversible 
subclinical microcirculatory alteration of the 
choroid as a result of venous drainage obst-
ruction (10). Based on the results of our study, 
it is possible that the disruption of  ACAs and 
anterior ciliary circulation and venous draina-
ge obstruction-induced by the recession/re-
section of a rectus muscle-led to hemostasis 
in choroidal circulation, resulting in subfoveal 
choroidal thickening in Group 1. The absence 

 

 a: For Wilcoxon test between preoperative and first day postoperative measurements 
 b: For Wilcoxon test between first day and first week postoperative measurements 
 c: For Wilcoxon test between preoperative and first week postoperative measurements 
 

 
 

Preop CT Postop Day 1  Postop Week 1 P value a P value b P value c 

Group 1 390.57±89.54 415.23±91.77 394.8±90.97 0.002 0.007 0.686 

Group 2 347.75±83.58 332.75±84.95 332±79.15 0.532 0.649 0.780 
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of any intervention to disturb the hemostasis 
during inferior oblique myectomy may explain 
the absence of the increase in CT in Group 2.
Another possible explanation for our findin-
gs is that the temporary increase in subfoveal 
CT may be related to periocular in�ammation. 
It has been suggested that the increase in CT 
may be due to proinflammatory cytokines and 
prostaglandins, which are believed to be relea-
sed after cataract surgery (11). These inflamma-
tory mediators go through the vitreous to the 
retina and impair inner and outer blood-retinal 
barrier (12). The inflammation, which develops 
following rectus muscle surgery, might cause 
inflammatory cascades in the posterior seg-
ment. The di�erence in CT changes between 
Group 1 and Group 2 may be due to the di�e-
rence in the degree of in�ammation between 
the two groups. The use of di�erent surgical te-
chniques -limbal incision rather than fornix inci-
sion and applying more mechanical traction to 
rectus muscles during recession/ resection and 
re-suturing in Group 1 may have further increa-
sed the amount of in�ammation (12). Shorter du-
ration of surgery might have caused less in�am-
mation in the inferior oblique group (Group 2). 

We believe that, in group 2, the relaxation of 
the inferior oblique muscle’s traction at the in-
sertion site to the macular region is one of the 
reasons that subfoveal CT remained stable.

In a study by Ercan et al., the severity of the in-
ferior oblique overaction was shown to have 
no e�ect on subfoveal CT (13). Contrary to our 
study, a study by Inan et al. found a decrease 
in subfoveal CT after both rectus muscle surge-
ries and inferior oblique recession (14). In their 
study, the reason for the decrease in CT after in-
ferior oblique recession may be due to the bet-
ter preservation of the vascular structure in that 
region compared to that which occurs in mye-
ctomy. Unlike Inan et al., we found an increase 
in the subfoveal CT at the rectus muscle group 
instead of a decrease. This di�erence might be 
due to the use of limbal incision instead of a for-
nix incision in our study, as greater in�amma-
tion occurs following a limbal incision (12,14). 
This study is limited by its relatively small samp-
le size and that it does not include all possib-
le combinations of muscle surgery. Another 
limitation is that the study evaluated only 

the early e�ects of surgery on subfoveal CT.
In conclusion, our study emphasizes the pos-
sibility of a temporary change in subfoveal CT 
after rectus muscle surgery. Reversible subclini-
cal microcirculatory dysfunction of the choro-
id, postoperative in�ammation, or mechanical 
traction during surgery may be the triggers for 
choroidal alterations. Further studies are neces-
sary to clarify the relationship between circu-
latory alteration, periocular in�ammation, me-
chanical factors, and changes in subfoveal CT.
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