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Abstract: Abduction limitation in esotropic Duane retraction syndrome (DRS), esotropic Mobius syndrome, and sixth nerve palsy is
one of the difficult-to-manage problems in strabismus surgery. The procedure of superior rectus transposition (SRT) was introduced by
Johnston et al. In this procedure, the superior rectus (SR) muscle is disinserted and sutured adjacent to the insertion of lateral rectus
(LR) muscle. The purpose of this review is to explore literature about efficacy and safety of SRT and its usage in strabismus surgery.
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Introduction

Abduction limitation in esotropic Duane retraction syndrome (DRS), esotropic Mobius syndrome, and sixth nerve
palsy is one of the difficult-to-manage problems in strabismus surgery.'” Recession of the medial rectus (MR)
muscle can improve abnormal head posture and primary position esotropia (ET) in these cases, but it has minimal
effect on abduction limitation." A variety of transposition techniques were described in the literature that can
improve abduction in the above disorders.” Vertical rectus transposition (VRT) is an effective procedure in
improving abduction limitation.” However, when combined with MR recession, risk of anterior segment ischemia
increased, especially in older patients with vascular problems.? There are some techniques tailored to reduce such
complications, such as doing VRT and MR recession in separate steps, partial tendon transposition, ciliary-sparing
transposition, vertical rectus transposition without tenotomy, and single muscle transposition (superior or inferior
rectus).’

The procedure of superior rectus transposition (SRT) was introduced by Johnston et al (Johnston SC et al.
IOVS 2006;47:ARVO E-Abstract 2475). In this procedure, the superior rectus (SR) muscle is disinserted and
sutured adjacent to the insertion of lateral rectus (LR) muscle.’ The first published case series on SRT was the
article of Mehendale et al, which reported the effectiveness of this procedure to treat DRS and sixth nerve palsy.’
The purpose of this review is to explore the literature about efficacy and safety of SRT and its usage in strabismus
surgery.

Materials and Methods

The search was done in Google Scholar, Pubmed, and Scopus from 2006 to 2022 with the key words of “superior rectus
transposition” or “SRT” or “transposition surgery” or “abducens nerve diseases/surgery” or “abducens nerve diseases/
therapy”. Forward and backward search was also performed using references and citations of the found articles. Case
reports and review articles were also included. In this search, we found 29 articles and 2 E-abstracts on the subject of
SRT.>! Full texts of all articles (except one) and abstract of a Spanish article were studied.
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Results
Our review was divided into the following parts:

Indications and contraindications

SRT technique

Amount and technique of MR recession

Unilateral SRT with or without MR recession
Adjustable techniques of SRT

Bilateral SRT with MR recession in sixth nerve palsy
Bilateral SRT with MR recession in DRS

SRT in Mobius syndrome

SRT as reoperation in DRS

e U o e
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e

Management of residual ET after SRT and MR recession

—_—
—

Comparison with other surgeries

—_
N

. SRT for treatment of exotropia (XT) or adduction limitation

Indications and Contraindications
SRT can be used for surgical treatment of unilateral or bilateral esotropic DRS, esotropic Mobius syndrome, and sixth
nerve palsy.* Among sixth nerve palsy cases, the best candidates for SRT are cases with no LR force and abduction
limitation of —4 or higher.” There are rare reports of nasal SRT in the treatment of XT.°

Negalur et al mentioned some absolute and relative contraindications for SRT, such as exotropia in adduction or severe
globe retraction.* In our opinion, there is no absolute contraindication for SRT use in esotropic DRS, esotropic Mobius
syndrome, and sixth nerve palsy. As will be mentioned in the next parts of the article, the change in globe retraction is
minimal after SRT.”® Similarly, the induced adduction limitation after SRT is minimal.” The sole relative contraindication in
our practice is presence of preoperative intorsion in fundus or double Maddox rod testing.* Since SRT can induce
incyclotorsion, the cases with preoperative intorsion are at risk of postoperative torsional diplopia.”'" Therefore, although
we prefer use of SRT in some circumstances, no other contraindications to its use exists in our practice.

SRT Technique

Fornix or limbal incision was used to expose the SR muscle.” The attachments between SR muscle and levator palpebrae
and superior oblique muscle were dissected.” The SR muscle was then sutured with 6/0 polyglactin 910 sutures.” It was
then detached, and re-attached to the sclera along the spiral of Tillaux, adjacent to lateral rectus (LR) muscle insertion.’
An augmentation suture with 6/0 polyester was used in most studies.” The augmentation suture was passed through the
sclera, 6-12 mm posterior to the insertion of LR, incorporating one-third or one-fourth of the SR width.’

In some studies, SR and LR were tied together, with no scleral pass.*'® The dual augmentation suture, in which
scleral augmentation suture is coupled with LR-to-SR suture, described for the cases that underwent VRT,** can also be
used for SRT.

In another study, augmentation suture was used only for ET >40 PD.'? Another study performed ciliary-sparing
technique and 2-4 mm SR resection for SRT."?

Amount and Technique of MR Recession

The indication of adding MR recession to SRT procedure was different between the studies. Some studies performed
SRT and MR recession in all cases.’”"'* One study performed SRT alone (without MR recession) in the cases with
negative or mildly positive forced duction testing for MR muscle.'” Two studies performed MR recession in the cases of
positive forced duction testing for MR muscle.'®!” In the study of Agarwal et al, in DRS cases, SRT alone was performed
for primary position ET <20 PD and MR recession was added for ET >20 PD.
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The amount of MR recession in different studies was between 3 and 10 mm.>'* Primary position deviation, amount
of MR contracture, and diagnosis (DRS or sixth nerve palsy) were factors that determined the amount of MR
recession.”'!'*17 For example, in the study of Akbari et al, for preoperative far ET of 45 PD, 5 mm recession, for
ET of 50-90 PD, 5.5-6 mm recession, and for ET >90 PD, 7 mm recession were performed.’ In the same study, in the
DRS group, 4 mm MR recession was performed for all cases.’

The MR recession was performed using limbal or fornix incision and fixed, adjustable, or hemi-hang-back 6/0

polyglactin 910 sutures.” '

Unilateral SRT With or Without MR Recession

Summary of studies on unilateral SRT with or without medial rectus recession on patients with DRS and sixth nerve
palsy is shown in Table 1.*>%1%12:14717 The studies on bilateral SRT, Mobius syndrome, and studies that compared SRT
with other surgeries are described in the next parts.

Effect on Improvement of ET and Abduction
In the DRS cases, the mean effect of unilateral SRT alone on improvement of ET was about 8 PD."> The mean effect of unilateral
SRT with MR recession on improvement of ET was in the range 21-31 PD in different studies (Table 1).*>--10-1214.16.17

In the sixth nerve palsy cases, the mean effect of unilateral SRT alone on improvement of ET was about 19 PD."
The mean effect of unilateral SRT with MR recession on improvement of ET was in the range 33—60 PD in different
studies (Table 1).3-39:10:12:.14.16.17

In the DRS cases, the mean effect of unilateral SRT alone on improvement of abduction limitation was about 0.8
units.'> The mean effect of unilateral SRT with MR recession on improvement of ET was in the range 1.3-2 units in
different studies (Table 1).%>-%:10:12:14.16.17

In the sixth nerve palsy cases, the mean effect of unilateral SRT alone on improvement of abduction limitation was
about 1 unit."” The mean effect of unilateral SRT with MR recession on improvement of ET was in the range 1.83 units
in different studies (Table 1).>->:%-10:12:14.16.17

Limitation of Adduction
There were mild adduction limitation (—1 to —2) after the SRT surgery, but these limitations did not induce symptoms or
consecutive exotropia (XT).?

Induced Torsion
The main purpose of 3 articles was evaluation of torsional shift after SRT.”!! SRT can cause intorsional shift in fundus
and double Maddox rod testing.” "' However, most cases do not have torsional diplopia.” "' There are rare reported cases

of persistent torsional diplopia after SRT, like the Velez et al and Merino et al studies.’'®

Induced Vertical Deviation
Vertical deviations were induced in 7-23% of cases that underwent unilateral SRT, with or without MR recession

(Table 1).3310:12:19717 Both hypertropia and hypotropia were seen in the eye that underwent SRT.*>%!012:14717 Mot

induced vertical deviations are insignificant and asymptomatic.*>-%!%-12:14-17

However, there were some reported significant vertical deviations after SRT.'”'® In the study of Farid et al, 2 cases
that underwent SRT needed reoperation due to significant vertical deviation.'” Merino et al reported a case in which
vertical and torsional deviation and diplopia were induced after SRT with MR recession.'® The induced deviation in this

case was treated with removal of augmented suture and SR recession.'®

Over- or Under-Correction and Reoperation

Reoperation was done on 0-38% of the cases that underwent SRT, with or without MR recession (Table 1).%->%-10-12:14-17

Most reoperations were due to under-corrections, especially in large-angle sixth nerve palsy cases.>%!0!1%14717

Consecutive XT was rare and seen only in 2 cases in 9 studies of Table 1.%3:-10:12:14717
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Table | Summary of Studies on Unilateral Superior Rectus Transposition (SRT), with or Without Medial Rectus Recession (MRc) on Patients with Duane Retraction Syndrome (DRS)
and Sixth Nerve Palsy

Study Sample Type of Amount of Mean Amount of Mean Amount of | Induced Induced Torsion Eso- or Exo-Shift Over- or
Size and | Surgery MRc (mm) Esotropia Abduction Vertical Under-
Target Improvement Limitation Deviation Correction
Cases (Prism Diopters) Improvement and
Reoperation
Mehendale | 10 DRS SRT + After adjust: 339 1.6 2 sixth nerve Postop intorsion in | No data 3 reoperation:
etal® 2012 | 7 sixth adjustable 0-8 palsy cases 3 cases one for over-
nerve MRc Mean: 5 Mean 10 + 2.8 | Mean: 4° correction
palsy PD No torsional 2 for under-
diplopia correction
Velez et al’ | 4 DRS SRT with No data 325 1.4 One case: 14 Double Maddox No data No data
2014 7 sixth or without PD vertical rod:
nerve MRc deviation 1°-8° of intorsional
palsy shift
One case: torsional
diplopia
Objective torsion:
One case new
intorsion
Patil- 13 sixth SRT + MRc | 4.5-6.5 45.5 1.9 One case: One case: |5° No data Two cases: large
Chhablani nerve 2 cases: hypotropia of 4 | intorsion and residual
etal' palsy bilateral D diplopia in the early esotropias (220
2016 SRT + MRc postop visit PD)
No symptom in
final follow-up
Agarwal 9 DRS 4 DRS DRS cases: 3.5 | 23.9 for DRS 2 for DRS No induced No torsional DRS cases: 6.7 PD exoshift No data
etal'? 10 sixth cases: SRT | Sixth nerve 45.4 for sixth nerve 1.8 for sixth nerve | vertical diplopia (esotropia correction) from |
2018 nerve 14 cases: palsy cases: palsy palsy deviation in to 6 months
palsy SRT + MRc | adjustable primary Sixth nerve palsy cases:
| DRS MRc of 5-8 position 10.7 PD exoshift (esotropia
case: correction) from | to 6
bilateral months
SRT + left
MRc
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Akbari I'l DRS SRT - 7.8 for DRS 0.8 for DRS Asymptomatic DRS: 3.8° Sixth No data No data
etal” I'l sixth 19.2 for sixth nerve | for sixth nerve hypotropia of nerve palsy: 3.4°
2018 nerve palsy palsy 2—4 PD in: induced objective
palsy 4 DRS cases torsion
3 sixth nerve No torsional
palsy cases diplopia
Liu et al'® 13 sixth Il cases: 6 51.4 1.5 2 cases: one No torsional No data 7 cases residual
2019 nerve SRT + MRc eliminated with | diplopia, no esotropia.
palsy 2 cases: IRT surgery objective torsion 5 cases
SRT underwent IRT
Escuder 37 DRS SRT with No data 35 PD improvement No data 7% developed 12 demonstrated No data No data
etal' 32 sixth or without in median for DRS symptomatic postoperative
2020 nerve MRc 40 PD improvement vertical diplopia | torsion:
palsy in median for sixth Of the 12, 9 (75%)
nerve palsy with
postoperative
intorsional shift
No torsional
diplopia
Akbari 16 DRS SRT + MRc | 4 for DRS 21.6 for DRS 1.3 for DRS Asymptomatic DRS: 5.3° Sixth Eso-drift at distance or near No reoperation
etal® 2021 | 8 sixth 5-7 for sixth 59.7 for sixth nerve 3 for sixth nerve hypotropia of nerve palsy: 8° in 7 patients with DRS and 4
nerve nerve palsy palsy palsy 14 PD in: induced objective patients with sixth nerve palsy
palsy 3 DRS cases torsion
| sixth nerve No torsional
palsy cases diplopia
Asymptomatic
hypertropia of
4 PD in:
I DRS case
Farid Il DRS 18 cases: 4-55 31.1 for DRS 2 for DRS 5 cases of No subjective No data One over-
etal'” 10 sixth SRT + MRc 33.8 for sixth nerve 2.6 for sixth nerve significant torsional diplopia correction
2021 nerve 3 cases: palsy palsy induced (DRS)
palsy SRT hypertropia >4 3 under-

PD

corrections

(sixth nerve

palsy)
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Eso- or Exodrift

The study of Akbari et al showed some eso-shift during postoperative follow-up in the cases that underwent SRT with
MR recession.” However, the study of Yang et al showed small exo-drift and the study of Agarwal et al showed larger
exo-drift during postoperative follow-up in these cases.'*'? It seems that some cases show a shift toward ET and the
others show a shift toward XT in the postoperative follow-up period.

Pre- and postoperative photos of a case with sixth nerve palsy after brain tumor surgery that underwent unilateral SRT
without MR recession are demonstrated in Figure 1. Pre- and postoperative photos of a case with traumatic sixth nerve
palsy that underwent unilateral SRT with MR recession are demonstrated in Figure 2. Pre- and postoperative photos of
a case with esotropic DRS that underwent unilateral SRT with MR recession are demonstrated in Figure 3.

Adjustable Techniques of SRT

Two forms of adjustable techniques for SRT were described in the literature.

20,21

4

Figure 2 Pre- (up) and postoperative (down) photos of a case with traumatic sixth nerve palsy that underwent unilateral SRT with MR recession.

Figure 3 Pre- (up) and postoperative (down) photos of a case with esotropic DRS that underwent unilateral SRT with MR recession.
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Adjustable SRT and Adjustable Augmented Suture

Velez and Pineles introduced a technique in which both SR muscle and augmented sutures were placed on an adjustable
suture.”’ The suture used was an absorbable suture.”’ Induced vertical deviation was managed by loosening augmented
suture.”’ Horizontal over-correction was managed by severing augmented suture and, if insufficient, loosening SR
sutures.”’ The technique was performed on one case of sixth nerve palsy, and there is no published result of other
cases managed with this technique.”®

Adjustable Graded Augmentation

Technique

Dagi et al introduced this technique in which 2 or 3 augmented sutures (6/0 polyester or polyglactin 910) were placed
between SR and LR muscle bellies.?! Torsion was monitored intra-operatively, using Mendez ring.>' Induced torsion or
vertical deviations were managed by cutting most distal suture.”' Horizontal over-correction was managed by cutting
most distal suture or adjusting MR recession.?!

Results

In the study of Dagi et al, 8 cases, including 4 cases of sixth nerve palsy, 3 DRS, and 1 Mobius, were included.?! With
adjustable augmentation suture and 3—7 mm MR recession, 7 of 8 cases had orthotropic alignment with minimal head tilt
or turn.”' One case was under-corrected due to scars of previous surgery.”’

Bilateral SRT with MR Recession in Sixth Nerve Palsy

Dai et al reported a case with sixth nerve palsy that underwent bilateral SRT with bilateral MR recession (each 10 mm).*

In the Patil-Chhablani et al study, 2 of 13 cases with sixth nerve palsy underwent bilateral SRT with bilateral MR
. 14

recession.

Effect on Improvement of ET and Abduction
In the report of Dai et al, ET improved from 100 PD preoperatively to orthotropia after the operation.”> The preoperative
abduction limitation was —5 in both eyes that decreased to —1 in both eyes postoperatively.**

In the 2 cases of the Patil-Chhablani et al study, the amount of esotropia correction after the surgery was 70 and 90
PD.'* The amount of postoperative improvement in abduction was in the range 1-3 units."*

Induced Vertical Deviation or Torsion

. . .. . 14.22
No induced vertical deviation or fundus torsion was found after surgery for these cases. ™

Bilateral SRT with MR Recession in DRS

Only one study was found that exclusively used bilateral SRT with unilateral or bilateral MR recession.” Sachdeva et al
reported 4 esotropic DRS cases that underwent the procedure.’

Effect on Improvement of ET and Abduction

After the operation, only one of these cases had residual esotropia and the others were orthotropic.” The median
preoperative distance and near ET were 40 PD, and the median postoperative distance and near esotropia were 4 PD
and 3 PD, respectively.” The median preoperative abduction limitation was —4 that improved to —3 postoperatively.’

Induced Vertical Deviation or Torsion
No induced vertical deviation was found after the above procedure.’

Effect on Globe Retraction
In the above study, only 2 cases showed significant postoperative change in globe retraction.” One case showed
improvement, and the other case showed worsening of retraction.’
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SRT in Mobius Syndrome

Three articles were found about SRT in Mobius syndrome.”* >* The first 2 studies underwent bilateral SRT and bilateral

MR recession on 3 cases and 1 case, respectively.** In the first study, 4 mm MR recession was performed after
adjustment for all 3 cases.” In the second study, MR recession was performed near equator.”* The third study underwent
unilateral SRT with 7 mm bilateral MR recession.?

Effect on Improvement of ET and Abduction
In the study of Warkad et al, the mean ET improved from preoperative amount of 70.8 PD to 6 months postoperative
amount of 2.5 PD.>> The mean abduction limitation improved from preoperative amount of —4.8 to 6 months post-
operative amount of —3.5.%
In the case report of Zheng et al, preoperative ET was 25 PD.** Two months after the operation, there was no
horizontal deviation.”* Abduction limitation improved from preoperative amount of —5 to postoperative amount of —3.**
In the case report of Mehta et al, preoperative ET was 60 PD.>> Three months after the operation, there was no

horizontal deviation.>> Abduction limitation improved from preoperative amount of —5 to postoperative amount of —3.%°

Induced Vertical Deviation or Torsion
In the case report of Mehta et al, there was 12 PD left hypertropia preoperatively that changed to small right hypertropia

3 months after the operation.”> The other two studies did not report any change in vertical deviations postoperatively.?>***

Eso- or Exo-Drift
In the study of Warkad et al, the mean postoperative deviations showed an eso-drift.>> One month after the operation, the
mean deviation was 3.3 PD XT that changed to ET of 2.5 PD, 6 months after the operation.>

SRT as Reoperation
Only one study was found that used SRT as a reoperation.® Magli et al used SRT as a reoperation after unilateral or
bilateral MR recession for 20 unilateral esotropic DRS cases.®

Effect on Improvement of ET and Abduction
In their study, the mean postoperative improvement in ET was 10.8 PD at distance and 9.4 PD at near.® However, only
30% of cases showed significant improvement in abduction.®

Induced Vertical Deviation or Torsion
Slight increase in fundus torsion was found in the above study, but the patients had no torsional diplopia postoperatively.®

No induced vertical deviation was found postoperatively in the above study.®

Effect on Globe Retraction
In the above study, only 2 cases showed significant postoperative change in globe retraction.® One case showed
improvement, and the other case showed worsening of retraction.®

Figure 4 shows pre- and postoperative photos of a case with bilateral sixth nerve palsy due to brain tumor. The patient
previously underwent right MR recession and Nishida procedure on the right eye. He had 30 PD residual ET in primary
position and —5 limitation of abduction in the left eye. He underwent SRT and 5 mm MR recession in the left eye.
Postoperatively, he was orthotropic in primary position, and limitation of abduction improved to —2.

Figure 5 shows pre- and postoperative photos of a case with left traumatic sixth nerve palsy. The patient previously
underwent left MR recession and Nishida procedure on the left eye. He had 30 PD residual ET in primary position and —5
limitation of abduction in the left eye. He underwent SRT (on previously transposed SR by Nishida procedure) and MR
marginal myotomy in the left eye. Postoperatively, he was orthotropic in primary position, and limitation of abduction
improved to —2.
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Figure 4 Pre- (up) and postoperative (down) photos of a case with bilateral sixth nerve palsy due to brain tumor. The patient previously underwent right MR recession and
Nishida procedure on the right eye. He had 30 PD residual esotropia in primary position and —5 limitation of abduction in the left eye. He underwent SRT and 5 mm MR
recession in the left eye. Postoperatively, he was orthotropic in primary position and limitation of abduction improved to —2.

Figure 5 Pre- (up) and postoperative (down) photos of a case with left traumatic sixth nerve palsy. The patient previously underwent left MR recession and Nishida
procedure on the left eye. He had 30 PD residual ET in primary position and —5 limitation of abduction in the left eye. He underwent SRT (on previously transposed SR by
Nishida procedure) and MR marginal myotomy in the left eye. Postoperatively, he was orthotropic in primary position and limitation of abduction improved to —2.

Management of Residual ET After SRT and MR Recession

Residual ET after SRT and MR recession is a problematic situation, because there is risk of anterior segment ischemia
with operation of third rectus muscle. Yao et al performed inferior rectus belly transposition (modified Nishida
procedure) for 3 cases with sixth nerve palsy and residual ET after SRT and MR recession.”® All cases had acceptable
alignment after the operation.”® Hypertropia in one case was corrected with inferior rectus belly transposition.”® There
was no induced vertical deviation or torsion in the other two cases.*®

In the study of Liu et al on cases with sixth nerve palsy, 5 cases with residual ET after SRT and MR recession
underwent inferior rectus transposition (IRT).'® The mean residual ET of 40 PD in these cases improved to a mean of 8
PD by IRT.'® No sign of anterior segment ischemia was seen in these cases.'®

Figure 6 shows pre- and postoperative photos of a case with left sixth nerve palsy. The patient previously underwent
left MR recession and SRT on the left eye. She had 14 PD residual ET in primary position and —4 limitation of abduction
in the left eye. She underwent IRT in the left eye. Postoperatively, she had no horizontal deviation in primary position and

limitation of abduction improved to —2. Left hypotropia of 6 PD was induced by the procedure.

Comparison with Other Surgeries

Esotropic DRS

MR Recession versus SRT

In a randomized clinical trial, Abdallah et al compared MR recession with SRT (with or without MR recession) for
esotropic DRS cases.”’ The mean amount of esotropia improvement was similar between the groups (19.8 PD in the SRT
group and 21.6 PD in the MR recession group), but the mean improvement in abduction was greater in the SRT group
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Figure 6 Pre- (up) and postoperative (down) photos of a case with left sixth nerve palsy. The patient previously underwent left MR recession and SRT on the left eye. She
had 14 PD residual ET in primary position and —4 limitation of abduction in the left eye. She underwent IRT in the left eye. Postoperatively, she had no horizontal deviation in
primary position and limitation of abduction improved to —2. Left hypotropia of 6 PD was induced by the procedure.

(0.8 units) than in the MR recession group (0.3 units).”” On the other hand, vertical deviation was induced post-
operatively in 2 cases in the SRT group.?’

Tibrewal et al performed a similar study on DRS cases.”® The results of the study of Tibrewal et al were partly similar
to the Abdallah et al study: similar esotropia improvement in both groups and better abduction improvement in SRT
group.?”*® However, there was no induced vertical deviation or subjective torsion in the SRT cases.?®
The study of Yang et al with the same design had an additional finding: small exo-drift in the SRT group and small

eso-drift in the MR recession group.'’

IRT versus SRT

The procedure of IRT was introduced by Velez et al.** In their report on 5 sixth nerve palsy cases that underwent IRT
(with or without MR recession), mean correction of ET was 27 PD and mean improvement in abduction was 1 unit.** In
another article, Farid et al performed IRT and MR recession on 11 cases with chronic sixth nerve palsy.** The mean
correction of ET was 35.9 PD and mean improvement in abduction was 2.2 units.** The results of the above articles were
comparable to the results of SRT and MR recession on sixth nerve palsy cases (see above).

Sener et al performed a study to compare the effect of IRT and SRT in esotropic DRS cases.'® They performed MR
recession in some cases.> The effect of SRT and IRT in improvement of ET was the same between the two groups (22.8
PD for SRT and 19.5 PD for IRT)."? Similarly, the mean improvement in abduction was the same between the two groups
(1.4 unit improvement for SRT and 1.3 unit improvement for IRT)."* They recommended that SRT is a slightly better
option for cases with more abduction limitation in elevation and A-pattern."® Conversely, IRT is a slightly better option
for cases with more abduction limitation in depression and V-pattern.'?

Sixth Nerve Palsy

VRT versus SRT and MR Recession

Lee and Lambert compared VRT with SRT and 5-7 mm MR recession in the cases of sixth nerve palsy.”’ The amounts of
postoperative improvement in ET and abduction limitation were approximately similar between the two groups (36.4 PD and
45.4 PD improvements in ET and 1.6 and 0.7 unit improvements in abduction in the SRT and VRT group, respectively).?’
However, the cases in the VRT group needed more additional procedures (botulinum toxin injection or reoperation).*’

Modified Vertical Muscle Belly Transposition (Modified Nishida Procedure) versus SRT

Yao et al compared SRT with modified vertical muscle belly (no split-no tenotomy) transposition in the cases with sixth
nerve palsy.’® MR recession, with the amounts of 4.5-10 mm, was performed in both groups.>® The postoperative
improvement in ET was significantly greater in the muscle belly transposition group (57.8 PD) than in the SRT group
(44.6 PD), but the mean improvement in abduction was similar between the two procedures (2.3 units improvement in
both groups).® In another study, Yao at al recommended that modified vertical muscle belly transposition is a better
alternative than SRT for sixth nerve palsy cases with ET >60 PD.*!
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SRT for the Treatment of XT or Adduction Limitation
Kodsi reported a case with infantile XT that had residual XT after recession of both lateral recti and had fibrous and fatty
MR in both eyes.® SRT was performed on both eyes in this case.® Ten months after bilateral SRT, XT improved from
preoperative amounts of 45 PD to 10 PD.® No fundus torsion was found postoperatively in this case.’ There was an
postoperative exo-drift in this case:® Two weeks after the operation, he was orthotropic.® However, at 6 and 10 months
visits, 10 PD intermittent XT was found.®

Schneider et al performed nasal SRT, with or without recession, in 2 cases of DRS type 3 and both abduction and
adduction limitation. One of the cases was orthotropic, and the other had 10 PD XT in primary position. They concluded
that the procedure improved binocular field of vision (Schneider JL et al. IOVS 2010;51:ARVO E-Abstract 3012).

Discussion
The present review summarized all studies on the subject of SRT. The following points and recommendations can be
derived from the mentioned studies:

Unilateral SRT, without MR recession, can correct about 8 PD of ET in DRS and 19 PD of ET in sixth nerve palsy
cases. Therefore, its use should be limited to small angle ET in DRS and moderate angle ET in sixth nerve palsy.

Unilateral SRT with MR recession can correct about 20-30 PD of ET in DRS and 30-60 PD of ET in sixth nerve
palsy cases. Therefore, in DRS cases with ET >30 PD and sixth nerve palsy cases with ET >60 PD, operations other than
SRT should be considered.

SRT, with or without MR recession, can improve abduction limitation from 1 to 3 units in DRS, sixth nerve palsy, and
Mobius cases. Therefore, SRT is an effective procedure in improving abduction limitation in all of these disorders.

Adjustable techniques may help to prevent induced vertical deviation or over-correction. However, due to low risk of
symptomatic vertical deviation with SRT and low rate of over-correction in the published studies (Table 1), using
adjustable sutures is a matter of debate.

There is low risk of torsional diplopia after SRT surgery. However, we recommend preoperative objective or
subjective torsional evaluation. In the cases with preoperative intorsion, SRT is not a good option.

In the follow-up period after SRT, there is eso-shift in some cases and exo-shift in some other cases. Therefore,
reoperation for residual ET or consecutive XT after SRT should be delayed for several months.

In the cases that underwent bilateral or unilateral SRT and bilateral MR recession, the maximum amount of ET
correction was 100 PD in sixth nerve palsy cases, 68 PD in Mobius cases, and 37 PD in the cases of DRS.

For residual ET after SRT and MR recession, inferior rectus belly transposition or IRT can be performed with good
results.

SRT and IRT can be used interchangeably to treat esotropic DRS and sixth nerve palsy cases.

It seems that SRT, with or without MR recession, can be a better alternative to treat DRS cases than isolated MR recession,
because SRT had better abduction improvement. However, there is a small risk of inducing vertical deviation with SRT.

SRT and MR recession can be a good alternative for VRT for cases of sixth nerve palsy. VRT cases may need more
additional procedures in the future.

For moderate amounts of ET in sixth nerve palsy cases (<60 PD), SRT and modified Nishida procedure (both with
MR recession) can be used interchangeably, but, for ET >60 PD, modified Nishida procedure is a better option.

There were only 3 case reports for SRT in XT or adduction limitation. It seems that some form of augmentation, such
as SR resection, should be done for nasal SRT. In addition, the possibility of increasing globe retraction in exotropic DRS
should be considered.

Conclusion
SRT is an effective and relatively safe procedure for the treatment of unilateral or bilateral esotropic DRS, esotropic
Mobius syndrome, and sixth nerve palsy. The strabismus surgeon should know its limitations to perform best manage-

ment for these cases.
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