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ABSTRACT

Aims: To evaluate pre-and postoperative macular vascular density changes in patients undergoing inferior oblique muscle
surgery using optical coherence tomography angiography (OCTA).

Methods: 28 eyes of 16 patients who underwent inferior oblique muscle surgery were included in the study. Measurements
were taken preoperatively (T0) and one day (POL1), 15 days (PO15) and 6 weeks (PO6w) after surgery. The vessel densities of the
superficial capillary plexus (SCP), deep capillary plexus (DCP) and choriocapillaris (CCL) were measured by OCTA.

Results: This study included 28 eyes of 16 patients. The mean age of the patients was 8.07+5.5 years (4-23 years). SCP and DCP
mean vascular densities decreased significantly at PO1 and PO15 compared to TO0, but increased at PO6w, reaching their initial
levels. Mean CCL levels were lower at PO1 compared to all other measurements and reached their preop values at PO6w.

Conclusion: The inferior oblique muscle insertion is known to be close to the macula and surgical interventions for this muscle
may cause changes in macular vascular density. In our study, macular vascular density decreased in all parameters at PO1

compared to T0, but almost reached its preop levels at PO6w.
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Inferior oblique muscle hyperfunction (IOHF) is a common
motility disorder associated with many types of strabismus.’
In case of IOHEF, elevation is observed in the adducting eye.
If it is caused by paresis or paralysis of the superior oblique
or superior recti muscles, it is called secondary IOHF, and if
the etiology is unclear, it is called primary IOHE.>* Surgical
treatment of strabismus due to IOHF mainly aims to weaken the
muscle. The most preferred methods are myectomy and anterior
transposition.” According to Parks, anterior transposition is the
most effective and longest lasting of the weakening procedures.”

The inferior oblique muscle insertion is located very close to the
macula, one of the most critical regions of the eye. In addition,
the inferior oblique muscle is the shortest of the ocular muscles,
making it very difficult to manipulate during surgery. Excessive
traction and globe compression causes compression of the short
posterior arteries and this traction can also affect the macula
due to its close proximity. The fusion of the muscle with the
sclera varies between individuals and in 50% of cases it fuses in
2-6 separate layers.® Some studies have reported that the inferior
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oblique muscle is more hypertrophic in men than in women.”
Possible changes in the choroidal and retinal circulation after
inferior oblique muscle surgery are thought to be related to
surgically induced inflammation.”"

Although many studies have been performed using fundus
photography, color Doppler ultrasound, fluorescein angiography;,
indocyanine green angiography, there is no general consensus
on hemodynamic changes after strabismus surgery.""” Optical
coherence tomography angiography (OCTA) is noninvasive and
visualizes microvascular structures of the retina and optic nerve
head without pupil dilation. In addition to saving time, it does
not require dye injection and shows both thickness and vascular
density of certain layers of the retina at the same time compared
to fluorescein angiography."” When we look at the literature, the
effect of surgery on vascular density is not yet clear in OCTA
measurements obtained with OCTA in patients undergoing
inferior oblique surgery.””” The aim of our study is to show
possible macular vascular density changes after inferior oblique
surgery in patients with IOFH with OCTA.
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Twenty-eight eyes of 16 patients who were followed up in
the strabismus unit of Firat University Medical Faculty
Hospital and planned to undergo inferior oblique muscle
surgery were included. The study was performed with
the approval of Firat University Non-interventional
Researches Ethics Committee (Date: 13.02.2024, Decision
No: 2024/03-48). Informed consent was obtained from
all subjects or their legal representatives and the study
was conducted in accordance with the principles of
the Declaration of Helsinki. Each patient underwent a
complete ophthalmologic examination including visual
acuity measurement with Snellen chart with and without
correction, cycloplegic refraction, anterior segment
examination, dilated fundus examination, detailed
strabismus examination (cardinal gaze positions, covering
test, prism, Krimsky and head position tests). IOHF
grading was performed by the same ophthalmologist
specializing in strabismus. IOHF was determined by
grading from +1 to +4.’

Only IOHF patients with +2 and above were included in
surgery. Patients with sensory and restrictive strabismus,
history of ocular surgery and corneal opacity, medical
history involving retinal and choroidal tissues such as
glaucoma, uveitis, maculopathy and amblyopia were
excluded. Patients with systemic diseases affecting
the vascular tissues such as hypertension and diabetes
mellitus, systemic drug use in the last one month affecting
the surgery, and patients who could not adapt to OCTA
were excluded. Finally, patients with significant growth
retardation and neurologic abnormalities were also
excluded.

Surgical Method

All surgical procedures were performed under general
anesthesia by the same experienced strabismus surgeon.
In inferio oblique muscle retraction surgery, the eye
was retracted towards the superonasal quadrant after
placement of a traction suture superotemporal to the
cornealimbus border. An incision was made in the
inferotemporal conjunctiva 8 mm from the limbus. Blunt
dissection was continued until the sclera was exposed.
The inferior oblique muscle was then dissected from the
surrounding tissues using two strabismus hooks. The
muscle was first clamped with clamped 6/0 vicryl sutures
Vicryl near the entry site and then cut. The inferior oblique
muscle was sutured with 6/0 Vicryl sutures 2 mm temporal
and 2 mm posterior to the insertion site of the inferior
rectus muscle in patients without DVD pattern and at the
inferior rectus level in patients with DVD pattern. Tenon
capsule and conjunctiva were sutured with 8/0 Vicryl and
the operation was completed.
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Optical Coherence Tomography Angiography

Quantitative measurements were obtained with OCTA (Solix,
Visionix/Optovue, USA) preoperatively (T0) and one day (PO1),
15 days (PO15) and 6 weeks (PO6w) after surgery. An eye-tracking
system was used during angiographic scans. Pupil dilatation
was not performed. Scans were concentrated in the center of
the fovea and covered a 3x3 mm area of the macula. Retinal
vasculature was assessed in three horizontal segmentations:
superficial capillary plexus (SCP), deep capillary plexus (DCP)
and choriocapillaris (CCL). According to default settings, the SCP
layer was considered to be the ganglion cell layer and the inner
plexiform layer (60 um layer thickness from the inner limiting
membrane), the segmentation of the inner plexiform layer and
outer plexiform layer for the DCP (30 um thick layer from the
inner plexiform layer), and the CCL segmentation with the outer
margin of Bruch’s membrane as the upper boundary (30 pm
thick layer from the outer edge of Bruch’s membrane).”” " OCTA
examinations were repeated if a decentralized condition was
detected. Images showing segmentation errors and/or artifacts
were excluded from the analysis.

Statistical Analysis

The study data were computerized and evaluated using
“SPSS (Statistical Package for Social Sciences) for Windows
25.0 (SPSS Inc., Chicago, IL)”. The conformity of continuous
numerical variables to normal distribution was evaluated by
Shapiro Wilk test. Paired Samples T test was used to compare
the data between the times of measurements. Bonferroni
correction was used in pairwise comparisons to determine
the significant group. 95% confidence interval was used. Data
were summarized as meantstandard deviation values. P<0.05
was accepted as statistically significant for all analyses.

RESULTS

The study included 28 eyes of 16 patients. Ten of the
patients were female and six were male. The mean age
of the patients was 8.07+5.5 years (4-23 years). There
was no significant difference in best corrected visual
acuity before and after surgery (p>0.05). There were no
complications during and after surgery. Inferior oblique
muscle function improved significantly in all patients.

Table shows the vascular density values in the SCP, DCP
and CCL in the macular region before and after surgery.
Accordingly, SCP and DCP mean vascular densities
decreased significantly at POl and PO15 compared to
TO, but increased at PO6 weeks and reached their initial
levels (p<0.05, p<0.05, p<0.05, p<0.05, respectively).
Mean CCL levels were lower at POl compared to all
other measurements and reached their preop values at
PO6 weeks (p<0.05).

Table. Vascular density in the macula by OCTA before and after inferior oblique muscle surgery

OCT and OCTA measurements TO
SCP 48.464+1.426°
DCP 50.986+2.243*

CCL 55.357+2.822°%

PO1
45.721£1.278
48.443+2.279
52.779+2.520

PO15
47.386+1.910*°
49.286+2.574°

PO6w
48.550+1.702>¢
51.043+2.138*¢

54.150+2.630* 56.500+2.308"¢

CCL, choriocapillaris layer; DCP, deep capillary plexus; SCP, superficial capillary plexus. Results are given as mean+standard deviation. 2p<0.05 compared with PO1,
5p<0.05 compared with T0, °p<0.05 compared with PO15
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In this study, we evaluated the vascular densities in the
capillary plexuses (SCP, DCP, CCL) in the macular region
before and after inferior oblique muscle surgery with OCTA
in patients with IOHF who underwent surgery. Although
vascular density decreased in the early postoperative period
(postoperative day 1 and day 15), it reached the preoperative
values at postoperative week 6.

OCTA can objectively measure the retinal microvasculature
in a noninvasive and reproducible manner."” It provides a
three-dimensional representation of the retinal vascular
circulation in the macula in different layers: SCP, DCP and
CCL. Numerous studies using OCTA have demonstrated
vascular changes in the posterior pole in different diseases.'*"
Strabismus surgery is especially performed in the pediatric
population. Therefore, the fact that OCTA has an eye tracking
system and provides high quality photography without pupil
dilatation provides an advantage in the field compared
to many other examinations.”” Studies using OCTA in
patients undergoing strabismus surgery are available in the
literatiire.'”'>"” However, there is no clear consensus on the
effect of surgery on retinal vascular circulation.

In our study in which we performed inferior oblique muscle
surgery in 28 eyes of 16 patients and examined the vascular
density in the macula with OCTA one day, 15 days and 6
weeks after preop surgery; SCP and DCP mean vascular
densities decreased at PO1 and POI15 compared to TO and
increased at PO6w and reached their values at T0, CCL mean
levels were lower at PO1 compared to all other measurements
and reached their preop values at PO6w. In the retrospective
OCTA study by Celik et al.,’” which was similar to our study
and was conducted with a relatively larger number of patients
and eyes, the vascular density in the SCP, DCP, CCL and
foveal avascular zone (FAZ) were examined preop, at 1, 7 and
30 days after surgery. In this study, there was no difference
in SCP, DCP and FAZ after surgery, and although there was
an increase in CCL after one week, it reached its initial levels
after one month.

When we look at other strabismus studies performed with
OCTA, the study of Vage et al.” and the study of Inal et al.”
are found in the literature. Vage et al.included 92 eyes of 56
patients and performed surgery mostly on the medial retctus
and lateral rectus muscles. In this study, DCP and CCL
measurements obtained by OCTA increased significantly on the
first postoperative day compared to the preoperative values, but
again reached the preoperative values on the 30th postoperative
day. Inal et al. performed surgery unilaterally on two horizontal
muscles in their OCTA study involving 32 eyes of 16 patients. In
this study, they found a significant increase in SCP and DCP and
adecrease in the foveal avascular area 3 months after surgery. The
medial rectus and lateral rectus muscles are also supplied by the
anterior ciliary artery.”’ The inferior oblique muscle is supplied
by branches from the ophthalmic artery and infraorbital
artery.” The vascular supply between the horizontal muscles and
the inferior oblique muscle may explain the differences between
the studies. Previous studies have also shown that retinal blood
supply increases in the first days in some studies, but the general
opinion is in favor of returning to baseline levels by day 7.2

Atalay et al.” in their study including 41 patients in whom
they underwent rectus muscle surgery and inferior oblique
muscle surgery, they found a greater increase in choroid
thickness in patients in whom they underwent rectus
surgery than in inferior oblique muscle surgery. They
attributed this result to less inflammation in inferior
oblique muscle surgery because they made a fornix
incision and did not use sutures. They also argued that
inferior oblique hyperfunction may have created a traction
effect in the macular region and that this traction was
reduced by surgery. Celik et al."” they found an increase
in CCP only in the first postoperative week after inferior
oblique muscle surgery. And they attributed this result
to inflammation and the possibility that compensatory
mechanisms may have developed to prevent anterior
segment ischemia. Again, in a recent study involving 18
patients, they concluded that inferior oblique myectomy
surgery may increase choroidal hemodynamics in the early
period and that this effect is temporary.”

There are 3 phases of wound healing: The hypodynamic phase
(1), characterized by limited blood loss; the hyperdynamic
phase (2), characterized by increased blood flow; and the
healing phase (3), which lasts for months and attempts to
return the human body to its pre-injury state.24 In our study,
our finding of low avacular density in all layers in the early
postoperative period can be explained by hypodynamia in the
early phase of wound healing. In the 6th week, it returned to
its previous levels, which can be explained by the completion
of wound healing. When we look at the literature, the effect of
surgery on vascular density in OCTA measurements taken in
patients undergoing inferior oblique surgery is not yet clear.
Differences in study results may be attributed to differences
in individual healing response.

Limitations
The small number of cases included in our study is our biggest

limitation. Further studies with a larger patient population
are needed.

CONCLUSION

Our results demonstrate that transient hemodynamic
changes may occur in the SCP, DCP, and CCL following
inferior oblique muscle anterior transposition surgery and
emphasize the utility of OCTA in assessing vascular changes
after strabismus surgery.

ETHICAL DECLARATIONS

Ethics Committee Approval

The study was performed with the approval of Firat
University Non-interventional Researches Ethics Committee
(Date: 13.02.2024, Decision No: 2024/03-48).

Informed Consent

Written consent was obtained from the patient participating
in this study.



Arch Ophthalmol Res. 2024;1(2):21-24

Referee Evaluation Process

Externally peer-reviewed.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Financial Disclosure

The authors declared that this study has received no financial
support.

Author Contributions

All of the authors declare that they have all participated in
the design, execution, and analysis of the paper, and that they
have approved the final version.

REFERENCES

1.

w

w

o

N

Nel

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Yoo EJ, Kim SH. Modified inferior oblique transposition considering the
equator for primary inferior oblique overaction (IOOA) associated with
dissociated vertical deviation (DVD). Strabismus. 2014;22(1):13-17.

. Yetkin AA. Effect of inferior oblique muscle myomectomy on choroidal

and macular thicknesses in strabismus. Photodiagn Photodyn Ther.
2023;41:103283.

. Nabie R, Raoufi S, Hassanpour E, Nikniaz L, Kharrazi B, Mamaghani S.

Comparing graded anterior transposition with myectomy in primary
inferior oblique overaction-A clinical trial. ] Curr Ophthalmol.
2019;31(4):422-425.

. Min BM, Park JH, Kim SY, Lee SB. Comparison of inferior oblique muscle

weakening by anterior transposition or myectomy: a prospective study of
20 cases. Br ] Ophthalmol. 1999;83(2):206-208.

. Parks MM. The weakening surgical procedures for eliminating overaction

of the inferior oblique muscle. Am ] Ophthalmol. 1972;73(1):107-122.
Khurana AK, Khurana I. Anatomy and physiology of eye. 3rd ed. CBS
Publishers & Distributors Pvt Limited: 2017.

Bagheri A, Eshaghi M, Yazdani S. Relationship of inferior oblique overaction
to muscle bulk and position. ] Am Assoc Pediatr Ophthalmol Strabismus.
2009;13(3):241-244.

. Tian S, Nishida Y, Isberg B, Lennerstrand G. MRI measurements of

normal extraocular muscles and other orbital structures. Graefe’s Arch Clin
Experime Ophthalmol. 2000;238(5):393-404.

. Turan Vural E, Unlu C, Erdogan G, Aykut A, Bayramlar H, Atmaca F.

Evaluation of macular thickness change after inferior oblique muscle
recession surgery. Indian ] Ophthalmol. 2014;62(6):715-718.

Gelik S, Drracoglu A, Inal A, et al. Comparison of quantitative measurement of
macular vessel density before and after inferior oblique muscle-weakening surgery:
an optical coherence tomography angiography study. /] Am Assoc Pediatr
Ophthalmol Strabismus. 2021;25(5):282.e1-282.e5.

Pelit A, Barutgu O, Oto S, Aydin P. Investigation of hemodynamic changes
after strabismus surgery using color Doppler imaging. ] Am Assoc Pediatr
Ophthalmol Strabismus. 2002;6(4):224-227.

Beran V, Vydrova J. Fluorescein angiography of the iris after surgery
of strabismus and retinal detachment. Ceskoslovenska Oftalmol.
1983;39(4):255-259.

Chan TK, Rosenbaum AL, Rao R, Schwartz SD, Santiago P, Thayer D.

Indocyanine green angiography of the anterior segment in patients
undergoing strabismus surgery. Br ] Ophthalmol. 2001;85(2):214-218.

Jia Y, Tan O, Tokayer ], et al. Split-spectrum amplitude-decorrelation
angiography with optical coherence tomography. Optics Express.
2012;20(4):4710-4725.

Vagge A, Nucci P, Desideri LF, et al. Evaluation of macular vessel density
changes after strabismus surgery using optical coherence tomography
angiography. ] Am Assoc Pediatr Ophthalmol Strabismus. 2022;26(2):71.el-71.e4.

Rodriguez FJ, Staurenghi G, Gale R. The role of OCT-A in retinal disease
management. Graefe’s Arch Clin Experime Ophthalmol. 2018;256(11):2019-2026.

Inal A, Yilmaz I, Ocak OB, et al. Optical coherence tomography
angiography: are there any changes in measurements after strabismus
surgery? ] Pediatr Ophthalmol Strabismus. 2019;56(2):95-100.

Alnawaiseh M, Brand C, Bormann E, Sauerland C, Eter N. Quantification
of macular perfusion using optical coherence tomography angiography:
repeatability and impact of an eye-tracking system. BMC Ophthalmol.
2018;18(1):123.

Spaide RF, Fujimoto JG, Waheed NK, Sadda SR, Staurenghi G. Optical
coherence tomography angiography. Progr Retin Eye Res. 2018;64:1-55.

Zhou J, Fu J, Li J, et al. Quantitative measurement of retinal vascular
diameter changes in the early postoperative period after strabismus
surgery. ] Am Assoc Pediatr Ophthalmol Strabismus. 2017;21(4):274-277.

21.

22.

23.

24.

25.

Giingor Kobat et al.
Inferior oblique muscle surgery and OCTA

Von Noorden GK. Binocular vision and ocular motility: theory and
management of strabismus. 5th ed. Mosby: 1996.

Lee NH, Lee SN. Investigation of hemodynamic changes in the
ophthalmic artery using color Doppler imaging after strabismus
surgery. Korean ] Ophthalmol. 2005;19(3):208-212.

Atalay HT, Aribas YK, Uggiil AY, Ozmen MC. Kocatepe Med ].
2019;20(1):183-187.

Smith RM, Giannoudis PV. Trauma and the immune response. J R Soc Med.
1998;91(8):417-420.

Hashemi Javaheri Z, Sabermoghaddam AA, Abrishami M, Kiarudi MY,
Motamed Shariati M. Evaluation of macular neurovasculature and
choroidal blood flow following inferior oblique myectomy using optical
coherence tomography angiography. J Pediatr Ophthalmol Strabism.
2024:1-10.



