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Evaluation of macular thickness change after inferior oblique muscle

recession surgery

Ece Turan-Vural, Cihan Unlu', Gurkan Erdogan’, Aslan Aykut', Huseyin Bayramlar', Fatih Atmaca’

Purpose: This study aimed to evaluate the changes in macular thickness following inferior oblique
muscle recession surgery. Materials and Methods: Thirty-eight eyes from 21 patients undergoing ocular
muscle surgery were included. Patients were grouped into three groups based on the type of surgical
intervention: Group I (n = 12), inferior oblique recession surgery alone; Group II (n = 12), inferior oblique
plus horizontal muscle surgery; Group III (n = 14), horizontal muscle surgery alone. Each eye was scanned
using the optical coherence tomography (OCT) device preoperatively and on the first postoperative day to
measure macular thickness. Results: Following surgery, a significant increase in foveal thickness occurred
in Group I (P < 0.05) and Group II (P < 0.01). In addition, a statistically significant difference was observed
between the groups with regard to the increase in foveal thickness (P = 0.016), with significantly lower
changes in Group III. Conclusion: Our findings suggested that inferior oblique muscle recession surgery is
associated with an increase in macular thickness.
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For many years, inferior oblique (I0) muscle recession surgery
has been among the most preferred weakening procedures.
According to Parks, it is the most effective and long lasting
of the IO weakening procedures. However, inferior oblique
muscle lies in close proximity to the macula; thus, macula
might be injured during the recession of IO muscle. In a
human donor study, the distance between fovea and the
posterior-inferior and anterior-inferior border of IO were
2.5+0.8 mm and 11.0 + 1.0 mm, respectively.” Therefore, more
caution should be exercised during IO recession surgery when
compared to horizontal muscle surgery, since tractions during
exploration and release of this muscle may have potential
effects on macula.

Optical coherence tomography (OCT) is an interferometric
technique that produces a cross-sectional view of the retina,
based on the reflectivity of different layers within the
retina.?* OCT is the most commonly used imaging technique
for macular examination, since it represents the only imaging
modality allowing direct visualization of the layered retinal
structures.*® Advances in OCT technology have provided
an objective and quantitative method to evaluate macular
thickness and volume.

In this study, the objective was to examine the possible
traumatic effect of the recession of IO on the macula, due to
close anatomical association between the insertion point of the
inferior oblique muscle.
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Materials and Methods

The study protocol was approved by the Institutional Ethics
Committee, and the study was conducted in accordance with
the Declaration of Helsinki. Prior to inclusion, informed consent
was obtained from all subjects or their legal representatives.
Thirty-eight eyes from 21 patients, aged between 5 and
34 years (mean age: 5.79 + 9.07 years), were imaged using an
RTVue-100°CT device (Optovue Inc., Fremont, CA, USA).
Patients undergoing IO muscle recession surgery alone
comprised Group I (n = 12), while patients undergoing
horizontal muscle surgery in addition to IO recession surgery
comprised Group II (n = 12), and those who underwent
horizontal muscle surgery alone comprised Group III (1 = 14).
Corrected and uncorrected visual acuity, cycloplegic
refraction value, biomicroscopic examination, and dilated
fundus examination were performed in all patients pre- and
postoperatively.

The inclusion criteria were as follows: (i) age between 5
and 34 years, (ii) no prior history of ocular surgery or trauma,
(iii) spherical equivalent refractive error of not greater than
3 diopters, (iv) normal ocular examination findings (v) no
medical or family history of retinal disease, glaucoma or
diabetes mellitus. Patients with orbital and/or craniofacial
abnormalities were excluded.

Surgical methods

All surgical interventions were performed by one of two
different surgeons (ETV or HB) under general anesthesia. For IO
muscle recession surgery, following placement of conjunctival
traction suture from lower temporal quadrant to limbus, the
eye was deviated toward superonasal quadrant. Incision was
performed through inferotemporal conjunctiva 8 mm apart
from the limbus. Blunt dissection was continued until sclera
was exposed. Then inferior oblique muscle was dissected from
the surrounding tissues by using two strabismus hooks. First,
the muscle was clamped near the insertion and then cut and
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the ends were cauterized. The inferior oblique muscle was
sutured 3 mm back and 2 mm lateral part of temporal side of
inferior rectus muscle insertion. For horizontal muscle surgery,
conjunctiva was opened through an approach from limbus and
the muscle was identified using strabismus hooks. The tendon
was removed via blunt dissection and in cases that would
undergo recession the site of insertion was cut with cautery and
sutured to the sclera with 6/0 vicryl suture. In cases that would
undergo resection, the muscle was cut using cautery at the site
of resection and sutured to the sclera using 6/0 vicryl suture.

Optical coherence tomography

In order to achieve higher resolution and faster scanning
than traditional OCT machines, we used the RTVue-100, a
Fourier-domain (FD) OCT system. FD-OCT represents a recent
advance in OCT providing increased resolution and scanning
speed via a Fourier-domain spectrometric method. This is
different from the conventional method, which involves the
adjustment of the position of a reference mirror.l#! Therefore,
FD-OCT'’s resolution is up to 5 times higher and imaging
speed is up to 100 times faster than conventional time-domain
OCT.#%1 The RTVue-100 FD-OCT system uses an 840-nm
scan beam capable of imaging 26,000 A scans/s with a depth
resolution of 5 wm and a transverse resolution of 15 um. Each
eye was scanned using the FD-OCT device after pupils were
dilated, preoperatively and on the first postoperative day. Each
OCT scan was centered on the fovea by providing a central,
internal fixation mark. Foveal, parafoveal and perifoveal
thicknesses were measured. Fig. 1 depicts foveal, parafoveal
and perifoveal regions. All OCT scans had at least 270%
of the maximum signal strength, and there were no layer
segmentation errors. Scans with low quality and/or a failing
retinal thickness algorithm were excluded, and measurements
were repeated until good quality scans were obtained. In
addition, scans with blinks during the scanning process were
also excluded and repeated. Each scan was separately analyzed
using the automated retinal thickness algorithm to generate
retinal thickness values in micrometers. A high-resolution
radial line scan protocol, consisting of 12-line scans
(512 scans/line) intersecting in the fovea, was employed.

B Fovea
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Figure 1: Figure depicts foveal, parafoveal and perifoveal regions.
Fovea is located within 1 mm diameter from the center while parafoveal
and perifoveal regions are located at 1-3 mm and 3-5 mm from the
center, respectively

Statistical analyses

Data were analyzed using Number Cruncher Statistical
System (NCSS) 2007 and Power Analysis and Sample
Size (PASS) 2008 statistical software (Kaysville, Utah, USA). Age
and gender distribution of the groups were compared using
Kruskal-Wallis and Chi-square tests, respectively. Along with
descriptive statistical methods (mean, standard deviation), a
paired-samples t-test or Wilcoxon signed rank test was used for
intra-group comparisons of the quantitative data. Groups were
compared with regard to the differences between preoperative
and postoperative results using Kruskal Wallis test, and the
Mann-Whitney U test was employed for the determination of
the differing group. A P <0.05 was considered as an indication
of statistical significance.

Results

There were no statistically significant age and gender differences
between the groups (P =0.279 and P = 0.221, respectively). No
significant changes were observed in postoperative corrected
and uncorrected visual acuity. No change was determined
between preoperative and postoperative refractions of the
cases.

Changes in foveal thickness

The foveal thickness measurements are given in Table 1.
Mean postoperative foveal thicknesses was significantly
higher as compared to the preoperative thickness in Group I
and Group II (P = 0.015 and 0.002, respectively), while
no such difference was found for the foveal thickness in
Group IIT (P = 0.25).

A statistically significant difference was observed between
the groups with regard to the increases in foveal thickness
(P =0.016). Paired comparisons that have been performed to
identify the cause of difference showed a significantly lower
difference between pre- and postoperative foveal thickness in
Group III than in the other two groups (P = 0.017; P = 0.011,
respectively).

Changes in peri- and parafoveal thicknesses

Although there were no significant differences between groups
preoperatively in terms of parafoveal thickness (P > 0.05), a
significantly higher thickness was measured postoperatively
in Group Il as compared to Group III (P =0.007). No significant
within-group changes were observed between preoperative

Table 1: Evaluation of the groups with regard to foveal
thickness

Group (n=12)

1 2 3

aFoveal thickness,
mean+SD

Preoperative 226.3+23.62 231.67+9.31 232.07+19.38

Postoperative 256.08+38.39 250.91+17.99 236.14+24.16

P 0.015* 0.002** 0.249
"Preoperative- -29.75+35.83 -19.25+16.53 -4.07+12.61
postoperative difference, (-20.5) (-22) (-3.5)

mean+SD (median)
P 0.016*

aPaired-sample t-test; "Kruskal-Wallis test; *P<0.05; **P<0.01
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and postoperative parafoveal measurements in any of the
groups (P = 0.05 for all).

Preoperative perifoveal thicknesses were similar among
the three groups (P > 0.05 for all). However, postoperative
perifoveal thickness was significantly lower in Group III,
as compared to Group I and II (P = 0.025 and P = 0.018,
respectively). In addition, a significant difference was found
between preoperative and postoperative perifoveal thickness
in Group I and II (P = 0.03 and 0.02, respectively), but not in
Group III (P = 0.46).

Discussion

This study examining the early postoperative changes in
foveal, perifoveal, and parafoveal thickness after IO muscle
recession surgery found significant increases in foveal
thickness following the surgical procedure in Group I (IO
muscle recession surgery only) and in Group II (horizontal
muscle surgery plus IO muscle recession surgery), but not in
Group III (horizontal muscle surgery alone).

Currently OCT is the most commonly used imaging
modality for macular examination owing to its ability
to provide high-resolution cross-sectional images of the
macula.*>! Recent studies have demonstrated that FD-OCT,
an advanced form of conventional OCT, is capable of imaging
retinal pathologies in greater detail and measures retinal
thickness with good reproducibility.[©#1011

Modern inferior oblique muscle recession surgery is
regarded to be a safer procedure than the horizontal and
vertical muscle surgeries. Inferior oblique recession surgery
is associated with decreased risk of intraocular complications
such as globe perforation, retinal tears, and retinal scarring
as compared to other approaches.'>"* On the other hand,
bilateral macular burns were reported to occur due to
the use of monopolar cutting diathermy during inferior
oblique myectomy, in a case report of two patients." In
addition, other complications such as temporary internal
ophthalmoplegia and retrobulbar hemorrhage have been
reported.'>!%1 From the surgeon’s point of view, inferior
oblique muscle recession surgery may represent a cause
for concern due to the close anatomical relation between
the insertion point of this muscle and macula. In this
regard, Kasem et al. found no significant macular changes
after inferior oblique surgery with OCT.!"”! One possible
explanation for this difference in our study, the reason for
measuring the macular thickness differently is surgical
trauma and traction. The most important reason of this
trauma is the traction applied by us during the attempt to
find the muscle and to separate it from the tendon tissue
in inferior oblique muscle surgery. In addition to this, also
strength of cautery and the duration of application increase
the macular trauma. These probable trauma reasons might
have caused macular trauma much more during our surgery.
To find and expose the inferior oblique muscle can be
difficult during surgery. However, macular complications
can be prevented with more gentle and more careful surgery.

Excessive traction and globe compression leads to
compression on the short posterior arteries and this traction
also affects the macula due to its close proximity. Decreased
thickness of the sclera at muscular insertion points also

increases the susceptibility of such areas to mechanical
trauma. In a study by Alio and Faci, chorioretinal scars in
areas close to the muscle insertion have been reported to
occur in 15.5% of the cases after Faden surgery.!'"® These
authors proposed that Faden procedure should be considered
a contraindication for lateral rectus surgery due its close
proximity to macula.l'®!

Scar formation after Faden surgery is generally
explained by the mechanically irritating factors. Choroidal
ischemia occurring after compression of the posterior
ciliary arteries is somehow similar to the mechanism of
Herpburn-Amalric syndrome, which is associated with
edema and inflammation.!™ In our study, traction and
globe compression inflicted upon the muscle might have
led to compression of the short posterior ciliary arteries by a
similar mechanism. Thus, a clinically asymptomatic macular
thickening and volume increase were observed in our cases.
Higher resolution of FD-OCT used in our study as compared
to other OCT methods might have allowed us to demonstrate
these minimal changes.

We believe that our results are particularly important in
terms of the need to avoid blunt trauma of the globe with
hooks during this specific type of surgery and emphasizes the
importance of careful monitoring of the muscle traction.

Study limitations

Major limitations of our study include the small sample size
and possible inter-operator variability due to inclusion of two
different surgeons in the study. Another limiting factor of our
study is the short follow-up period.
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