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Abstract: Various surgical approaches have been described for the management of Duane
retraction syndrome (DRS), a type of congenital cranial dysinnervation disorder (CCDD), the
goals of which include correcting the primary position deviation and abnormal head posture
(AHP), minimizing globe retraction and overshoots and improving the ocular rotations.
Vertical rectus transposition (VRT) is one such technique, found more effective in improving
abduction and thereby expanding the field of binocular vision, as compared to horizontal
muscle surgery. VRT, however, is associated with the risk of inducing vertical deviations and
also poses a risk for development of anterior segment ischemia. To overcome these concerns,
transposition of only the superior rectus to the lateral rectus was proposed and evaluated to
reveal improvement in alignment, AHP and motility comparable to VRT but with lesser
surgical time and fewer post-operative complications. With promising results in the manage-
ment of DRS, superior rectus transposition (SRT) has been extensively studied and has
evolved over the last decade with several modifications to further increase the efficiency and
reduce the risk of post-operative complications. This article focusses on the pre-operative
considerations while planning SRT in DRS, various approaches and surgical techniques
described, and the outcomes and complications of SRT in DRS. The role of SRT in the
management of other CCDDs may be explored with further studies.
Keywords: Duane syndrome, SRT, transposition surgery

Introduction
Various surgical approaches have been described for the management of Duane
Retraction Syndrome (DRS). Goals of surgery for DRS include correcting the
primary position deviation and abnormal head posture (AHP), minimizing globe
retraction and overshoots and improving the ocular rotations, thereby enhancing the
binocular field of vision.1 Of the various approaches reviewed, vertical rectus
transposition (VRT), both full or partial rectus muscle transposition, have shown
to improve ocular alignment and AHP in esotropic DRS.2,3 Also, compared to the
commonly performed horizontal muscle surgery, these are more effective in
improving abduction and expanding the field of binocular single vision.4

However, VRT is associated with the risk of inducing a vertical deviation2,5 and
also comes with a small risk of anterior segment ischemia, especially if concomitant
horizontal rectus surgery is required.6

To overcome these concerns, Johnston et al in 2006 proposed performing only
a superior rectus transposition (SRT) temporally to the lateral rectus (LR) in type 1 DRS
and reported good results without inducing a significant vertical deviation.7 Mehendale
et al reviewed the outcomes of this approach in patients with esotropic DRS and sixth
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nerve palsy. The improvement in alignment, AHP and abduc-
tion limitation was comparable to that achieved with VRT,
and also had the advantages of a shorter surgical time and
fewer post-operative complications.8

With promising results in the management of DRS,
Superior rectus transposition (SRT) has been extensively
studied and has evolved over the last decade with several
modifications.

This article focusses on pre-operative considerations
while planning SRT in DRS, various approaches and sur-
gical techniques described, and the outcomes and compli-
cations of SRT in DRS.

Pre-Operative Considerations,
Indications and Contra-Indications
of SRT
The principles of performing SRT in a patient with DRS
can be understood by revisiting the underlying etiopathol-
ogy of DRS. DRS is a type of congenital cranial dysin-
nervation disorder (CCDD), characterised by the absence
or hypoplasia of the abducens nerve along with misdirec-
tion of fibres from the oculomotor nerve to the lateral
rectus.9,10 This paradoxical innervation leads to co-
contraction of the horizontal rectus muscles, and based
on its severity gives rise to varying amounts of globe
retraction, overshoots and the different patterns of align-
ment and motility limitation.

A relatively straight forward surgical option to correct
the primary position deviation and improve this co-
contraction is recession of the tight and over-acting mus-
cle. In most patients with esotropic DRS type 1, unilateral
Medial Rectus (MR) recession has shown good results in
correcting esotropia of up to 20 PD.11,12 Similarly, in
patients with larger deviations and cases with bilateral
esotropic DRS,13 good post-operative alignment has been
reported following bimedial recession (5–6 mm), which in
turn also aids in preventing MR contracture in the affected
eye.14 However, MR recession does not lead to significant
improvement in abduction,15 with minor improvement (up
to grade 1) noted in about 28–30% of cases.12,16,17 In
addition, large recessions of medial rectus, might in turn
limit motility in its own field of action, and convert type
I to type III DRS.9

On the contrary, as noted above, SRT leads to improve-
ment in primary position deviation as well as abduction.
However, it alters the muscle vector force leading to possibi-
lity of a new-onset vertical deviation4 and creates an additional

force towards the lateral rectus, which might result in a long-
term exo-drift.17 Similarly, cases with significant co-
contraction pre-operatively might also need tackling of the
LR.18

Thus, indications and contraindications for SRT in
DRS, summarized in Table 1, are as follows:

Indications
1. Primary procedure for unilateral Esotropic DRS

without significant co-contraction (grade 2 or better
as explained in Table 2).19 This is the primary and
most common indication in DRS. Isolated SRT may
be planned for small deviations when the MR is not
significantly tight, while in moderate to large angle
deviations, SRT may be combined with unilateral or
bilateral MR recession.7,8,17

2. Primary procedure for bilateral esotropic DRS espe-
cially in cases with severe abduction limitation and
absence of significant globe retraction.20

3. As a re-operation for residual esodeviation or resi-
dual AHP, in cases with residual AHP despite pre-
vious horizontal muscle surgery.21

Table 1 Indications and Contra-Indications for SRT in DRS

Indications

1. Primary surgery (+/- with MR recession) for uni/bilateral esotropic

DRS without significant co-contraction (grade 2 or better)

2. To treat residual esotropia or residual AHP after MR recession
3. In cases where abduction limitation is more severe in upgaze than

downgaze

4. Following LR inactivation for severe co-contraction
5. Nasal SRT in exotropic DRS

Contraindications:

Absolute:

1. Esotropic DRS with exotropia in adduction

2. Esotropic DRS with larger eso-deviation for near
3. In cases where abduction limitation is more severe in downgaze

than upgaze

Relative:

1. Patients with significant co-contraction & overshoots (grade 3 or
worse)

2. Patients with marked globe retraction & enophthalmos (grade 3 or

worse)
3. Patients with significant hypertropia or intorsion

4. Patients with pre-existing hypotropia in attempted abduction

Abbreviations: SRT, Superior rectus transposition; DRS, Duane retraction syn-
drome; MR, Medial rectus; AHP, abnormal head posture; LR, Lateral rectus.
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4. To treat cases where abduction limitation is more
severe in upgaze than in downgaze (A pattern of
motility).22

5. To improve alignment and enhance abduction fol-
lowing LR inactivation for severe co-contractions
and overshoots in both esotropic as well as exotro-
pic DRS.23–25

6. As a nasal transposition procedure to correct exode-
viation and improve adduction in exotropic DRS.
This is a relatively new indication with limited litera-
ture available making further studies necessary.26

Contra-Indications
As discussed above, certain motility patterns might
become worse following SRT. Therefore, SRT MUST be
avoided or planned cautiously as described below:

1. Patients with severe co-contraction and globe retrac-
tion (grade 3 or worse)19 as evidenced by overshoots
and significant enophthalmos on attempted
adduction.

2. Esotropic DRS but with associated exotropia in
adduction. This is suggestive of an associated tight
LR and might have a tendency for post-operative
diplopia in contralateral gaze.3,27

3. Esotropic DRS with larger eso-deviation for near.
This indicates an underlying adduction deficiency
which may worsen with SRT.20,27

4. In cases with severe globe retraction, as SRT may
further increase the enophthalmos if the tight LR is
not been addressed.22,28

5. In cases where abduction limitation is more severe
in downgaze than in upgaze (V pattern of
motility).22

6. Cases with pre-existing hypertropia or intorsion as
they might be more likely to have post-operative
diplopia following SRT.29

7. Cases with pre-existing hypotropia in attempted
abduction as the weakening effect of SRT on eleva-
tion might worsen this phenomenon.

Surgical Techniques of SRT
The surgical technique of VRT with its variations has been
described in detail for the management of patients with
DRS and 6th nerve palsy.30,31

SRT, however, involves transposing only the superior
rectus (SR) muscle to the insertion of the lateral rectus
muscle along the spiral of Tillaux (described further in
detail), leaving the inferior rectus (IR) muscle untouched.

Prior to the surgery, ideally a forced duction test should
be performed, especially in an awake, alert patient when-
ever possible to determine precisely where the restriction
to abduction starts, indicating the motility improvement
expected with the transposition.4 However, this is possible
only in cooperative adults and older children.

Also, SRT may be planned alone or in combination
with ipsilateral MRc (fixed or adjustable), with or without
an augmentation suture and the technique is as described
below.

Based on the surgeon’s preference, a forniceal or lim-
bal conjunctival incision is made between the superior and
lateral rectus muscles and the SR is isolated. However,
forniceal or limited paralimbal conjunctival incisions
allow for good visualisation and surgical manipulations
with much less dissection.

The SR muscle is secured using double armed 6–0
vicryl (polyglactin 910 suture) or non-absorbable suture
according to the surgeon’s preference. Its attachments to

Table 2 Novel Grading Method for Retraction and Overshoot in
DRS

Grading for globe retraction:

With the involved eye in the

maximum adducted position, the
palpebral aperture height in the

centre of the palpebral fissure is

compared with that of the fellow
eye in abduction.

Grade 0 No narrowing
Grade 1 <25%
Grade 2 25% to <50%

Grade 3 50% to <75%

Grade 4 >= 75%

Grading for overshoots:

With the involved eye in adducted

position, a straight line is drawn
from the pupillary centre of the

fellow eye, parallel to the

intermedial canthal line.

Grade 0 Line bisects the pupil

of the involved eye
Grade 1 Line lies between

pupillary centre and pupillary

margin
Grade 2 Line lies between

pupillary margin and limbus

Grade 3 Line lies at limbus or
over sclera

Grade 4 Cornea disappearing

below the lid (pumpkin seed
sign)

Notes: Data from Kekunnaya R, Moharana R, Tibrewal S, Chhablani PP, Sachdeva V.19

Abbreviation: DRS, Duane retraction syndrome.

Clinical Ophthalmology 2022:16 https://doi.org/10.2147/OPTH.S284608

DovePress
203

Dovepress Negalur et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


the levator palpebrae superioris and the superior oblique
(SO) tendon are observed by elevating the SR after dis-
insertion and these should be carefully dissected as shown
in Figure 1. Meticulous dissection before transposition
minimizes the risk of induced vertical deviations and pto-
sis due to dragging of the levator palpebrae superioris.32

This dis-inserted SR is then attached adjacent to the
superior border of the LR along the spiral of Tillaux.
A temporary knot may be tied first and intra-operative
forced duction test done to identify a tight SR. If restric-
tion is observed to attempted infraduction, the SR may be
recessed by up to 3 mm till it is relieved. The suture could
then be permanently tied.3,4

Techniques of Augmentation
In general, SRT procedure leads to an increase in the
abducting capacity of the eye. This primarily results from
mechanical effect due to change in the vector of the force
generated by the eye. This overall leads to average correc-
tion of about 14 to 16 PD esotropia in the primary
position.3,32 However, various other additional techniques
(Table 3, Figure 2) have been described to augment the
effect of the SRT.4,33,34 These are described in brief below.

1. Posterior scleral fixation suture (PFS) – In this
technique, an augmentation suture (5–0 or 6–0
polyester) is passed 8–12 mm behind the lateral
rectus insertion, incorporating one-fourth thickness
of each of the superior and lateral rectus muscles
and the underlying sclera, fixing the lateral one-
fourth of the transposed SR muscle to the sclera.32

2. Myopexy suture – In this technique, an augmenta-
tion suture (5–0 or 6–0 polyester) is passed 8–
12 mm behind the lateral rectus insertion, incorpor-
ating one-fourth thickness of each of the superior
and lateral rectus muscles and simply uniting the
two muscles as a loop myopexy with no scleral
pass.8

3. Multiple augmentation sutures - Magli et al21 also
suggested that in cases with a more prominent face
turn one may use two augmentation sutures, at 8
and 10 mm behind the LR insertion for better long
term improvement after the SRT.

4. Resection of the muscle before transposition -
Another technique of augmentation includes resecting
the SR before transposing it (Brooks modification).35

To provide further guidelines, Sener et al22 sug-
gested resecting the SR by 2 mm for deviations up to
15 PD, by 3 mm in deviations ranging between 20–30
PD, and 3.5–4.0 mm resection in deviations greater
than 35 PD. Sener et al further noted in their series
that resections greater than 3.5 mm sometimes lead to
an overcorrection, and therefore, recommend advancing
the temporal border of the transposed SR by 1–2 mm
underneath the upper border of LR, if further augmen-
tation was deemed necessary.22

1. Weakening of the ipsilateral medial rectus - This
may be achieved either surgically by recessing the
MR or pharmacologically using botulinum toxin.34

2. Strengthening of the lateral rectus – This may be
obtained by the muscle resection or preferably pli-
cation if significant LR activity is noted.35

Modifications to Reduce the Risk of
Induced Deviations
One of the issues with SRT, is the possibility of indu-
cing a post-operative vertical deviation or incyclotor-
sion, as it is considered to be an imbalanced
transposition. In an attempt to reduce these risks and

Figure 1 Figure showing the role of meticulous dissection to separate the superior
rectus muscle from the underlying superior oblique muscle. This helps to minimize
the risk of induced post-operative vertical deviations and ptosis.

Table 3 Various Strategies for Augmenting the Superior Rectus
Transposition (SRT)

1. Posterior fixation suture
2. Suture myopexy

3. Multiple augmentation sutures

4. Resection of the superior rectus before transposition
5. Weakening of the medial rectus

6. Resection of the lateral rectus
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enhance safety of the procedure with more predictable
outcomes, a few other surgical modifications have been
described, as below:

Adjustable Posterior Fixation Myopexy
In 2018 Velez and Pineles36 described a new technique for
performing SRTwith an adjustable posterior fixationmyopexy
suture under topical anaesthesia. In this technique, the border
of the SR that is placed adjacent to the lateral rectus muscle is
placed on an adjustable suture, following which a single-
armed 6–0 vicryl suture is used on an adjustable suture to
unite the superior and lateral rectus muscles, approximately
10 mm posterior to insertion of the LR, uniting the two
muscles temporally. A cover test performed at this point can
reveal any induced vertical deviation, which can then be
managed by adjusting the myopexy suture till the deviation
is corrected. Similarly, any overcorrection can be managed by
releasing the myopexy suture, and if needed, adjusting the SR
muscle suture till the deviation is corrected.

Intra-Operative Torsion Monitoring
The incidence of post-operative deviations may also be
reduced by marking the 12 and 6o’ clock positions at the
limbus before beginning the procedure, and monitoring

intra-operative torsion as described by Holmes, Hatt and
Leske.37

Adjustable Graded Augmentation
In 2020, Dagi and Elhusseiny38 reported an adjustable
graded augmentation of SRT to reduce post-operative ver-
tical or torsional diplopia. After completing an adjustable
MR recession, this technique uses a corneal toric marker to
denote the 6 and 12o’ clock axis, extending the markings
onto the skin and drapes. The SR is transposed adjacent to
the LR along the spiral of Tillaux and any torsion induced
is noted by correlating the corneal and skin markings.
Following this, 2 or 3 augmentation myopexy sutures are
sequentially taken uniting the SR and LR at 4 mm, 6 mm
and 8 or 10 mm from the insertion, measuring the induced
torsion with each suture. If the induced torsional change
poses a risk of post-operative diplopia, the suture respon-
sible for it is released intra-operatively. Post-operative
vertical or torsional diplopia or induced overcorrection
can be managed by sequentially releasing of the distal
most augmentation suture.

Outcomes
The outcomes of any surgical procedure can be reviewed
based on the goals it aims to achieve. Table 4 summarizes

Figure 2 Various approaches for augmenting the superior rectus transposition (SRT). (A) Posterior fixation suture. (B) Suture myopexy. (C) Multiple augmentation sutures.
(D) Resection of the superior rectus before transposition. (E) Weakening of the medial rectus. (F) Resection of the lateral rectus.
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the results of SRT as seen in various studies in DRS
(including studies comparing SRT versus non-SRT groups
in DRS).

Majority of the studies suggest that SRT leads to
a good correction of the esotropia with an improvement
in the AHP and abduction, without inducing significant
post-operative vertical deviation.7

Mehendale et al8 later described their series of patients
with esotropic DRS and chronic sixth nerve palsy, under-
going SRT augmented by a muscle union suture between the
SR and LR and adjustable MR recession with good surgical
outcomes, that were comparable to the results of VRT.

The authors reported the following major results in
their study:

1. For patients with severe abduction limitation, SRT
with MRc was preferable to isolated MRc, so as to
have a smaller dose of MRc, thus decreasing the
risk of adduction deficiency.

2. SRT however, was found to be more effective in
correcting the binocular alignment in patients with
6th nerve palsy as compared to DRS.8,39

3. In this study, the average dose effect for SRT was
7.8 ± 2.2 PD in the DRS group and 19.2 ± 4.6 PD in
the sixth nerve palsy group.

4. Also, in cases where SRT was combined with MRc,
an adduction limitation was noted in some patients
in the DRS group, but none in the 6th nerve palsy
group40 which the authors hypothesized to be due to

Table 4 Table Outlining Results of Previous Studies Analysing Outcomes of SRT and MR Recession in Esotropic DRS

Study, Year Eso DRS -
Number of
Patients

Surgical
Intervention
(Number of
Patients)

Mean Change Significant
Complications
(Number of
Patients)

ET
(PD)

AHP
(Degrees)

Abduction
Deficiency (Units
of Improvement)

Adduction
deficit
(unit)

Mehendale,8

2012

10 SRTwith or without

augmentation+ MRc

27 21 2 0.6 Consecutive exotropia 1

Yang et al,17

2014

37 Augmented SRT ±

MRc (19)

26 20 1.5 NA Hypotropia 2

Uni/Bilateral MRc

(18)

10 16 0.5 0.7

Velez,45

2014

4 Augmented SRT ±

MRc (4)

26 9.3 1.4 NA Hypertropia 1,

Hypotropia 3

Tibrewal,32

2015

21 Augmented SRT ±

MRc (8)

17 12 1.2 1.1 –

Uni/Bilateral MRc

(13)

20 15 0.3 1.5 –

Akbari,39

2018

11 Augmented SRT (11) 7.8 5.9 0.8 NA Hypotropia 3

Agarwal,40

2018

9 SRT ± MRc (9) 23.9 16 2 1 Residual esotropia 1

Abdallah,28

2020

20 Augmented SRT ±

MRc (10)

19.8 11 0.8 0.15 Hypertropia 2

Unilateral MRc (10) 21.6 10.5 0.3 0.10

Farid,41 2021 11 Augmented SRT ±

MRc (11)

31.3 28.6 2 0.4 Hypertropia 2

Abbreviations: SRT, Superior rectus transposition; MR, Medial rectus; Eso, Esotropic; DRS, Duane retraction syndrome; MRc, Medial rectus recession.
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the difference in the underlying etiopathology in
both these disease entities.

Other studies comparing the results of augmented SRT
with or without MR recession, with MR recession
alone (unilateral or bilateral) for the treatment of eso-
tropic DRS, found both these procedures to be equally
effective for correction of the esotropia and the
AHP.17,20,31 The SRT group, however, was more effec-
tive than the isolated MR recession group with regard
to improving abduction (Figure 3). Improvement in
abduction by at least 1 unit was seen in approximately
80–87% of patients with SRT versus 20–28% in those
with MRc only. This was comparable to the outcomes
with vertical rectus transposition, as seen in related
studies.32 In addition, the amount of MRc performed
when combined with SRT was lesser than that required
with MRc alone (3.3mm in SRT vs 5.3 mm in MRc),
thereby reducing the risk of post-operative adduction
deficit.

Among these studies, Yang et al17 also found that
the improvement in abduction was more prominent in
elevation compared to depression possibly due to the
direction of force of the transposed SR muscle. Hence,
it has been suggested to prefer SRT in cases where
limitation of abduction is more marked in elevation
(A pattern).22

Effect on Globe Retraction and
Co-Contraction
Isolated SRT was noted to have variable results with
respect to its effect on globe retraction, with improvement
in some cases and worsening in others, though most stu-
dies included patients with only mild-moderate retraction
of grade 2 or better.20–22,32 However, when MR recession
was also performed, even in the absence of a very tight
MR, improvement in the co-contraction has been noted.3,9

Outcomes of Isolated SRT vs
Combined with MR Recession
The decision to combine SRT with MRc would mainly
depend upon the total deviation and the medial rectus
tightness. While the response to surgery may vary with
these aforementioned factors, studies recommend doing
only SRT for patients having esotropia up to 15 PD,3,8,32

beyond which it is recommended to add an MR recession.
Combination of MR recession and SRT was found to be
effective in correcting up to 45 PD of esotropia. In addi-
tion, in these studies, MR recession was limited to less
than 5–5.5 mm to prevent an adduction deficit.32,41

Another consideration is that even if the MR is not
very tight, recessing it has an added benefit of relieving
some amount of co-contraction, thus contributing further
to the surgical success.

Figure 3 Surgical outcome of superior rectus transposition (SRT) in Duane retraction syndrome (DRS). (A) Pre-operative image showing primary position esotropia and −4
abduction limitation in the left eye in a case of esotropic Duane retraction syndrome. (B) Post-operative image showing improvement in both, primary position deviation and
abduction limitation to −3 following SRTwith medial rectus recession in the left eye.
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Long-Term Eso-Drift v/s Exo-Drift
Yang et al17 reported a likelihood of long term undercorrec-
tion with isolated MR recession due to the inelastic, fibrotic
nature of MR in DRS causing further contracture of the
muscle, leading to slow eso-drift. Likewise, they cautioned,
that due to the outward directed force of SRT, there can be
a gradually progressive improvement in the eso-deviation
and the AHP, posing a risk of late over-correction. Hence,
they recommend that overcorrection must never be targeted
in these patients. However, Akbari et al have also reported
that long term eso-drift following augmented SRT with MR
recession which can correct immediate post-operative exo-
tropia if any.42 Therefore, at this point of time, most autho-
rities recommend performing a small undercorrection for
esotropic DRS, to avoid long term exodrift.

Outcomes of Bilateral SRT
Sachdeva et al20 reported the outcomes of bilateral SRT in
cases of bilateral esotropic DRS with improvement in
alignment, comparable to that achieved with bilateral
VRT and MRc, but the improvement in abduction was
better with SRT than MRc. They recommend bilateral
SRT with unilateral MRc in patients with esotropia of up
to 25 PD and bilateral MRc in esotropia greater than 30
PD. However, one needs to remember that the deviation

measured in bilateral DRS is often secondary deviation
and one should plan carefully to avoid overcorrection.

Outcomes of SRT as a Secondary
Procedure
SRT has also been found to be an effective technique for
re-surgery in esotropic DRS for those who have previously
undergone unilateral/bilateral MRc, with a residual esotro-
pia and anomalous head position. It resulted in improve-
ment of esotropia, head turn and partial recovery of
abduction in a significant percentage of patients (30%)
with no post-operative vertical deviations.21

Nasal Transposition of the SR
Nasal transposition of the SR to the medial rectus for the
management of exotropic DRS has been proposed to
enhance the adduction of the eye in exotropic DRS.
Schneider et al used nasal SRT in 2 patients with exotropic
DRS and found this technique to improve eye motility and
range of binocular single vision in these patients.26

However, nasal SRT in a patient described by Mehendale
et al8 (excluded from the study) caused intolerable tor-
sional diplopia mandating reversal of the procedure. Thus,
long-term safety and efficacy of nasal SRT for exotropic
DRS is yet to be determined.

Table 5 Table Summarizing Post-Operative Complications of SRT and Preventive and Management Strategies

Complication Prevention Treatment

1. Induced vertical deviations

(hypodeviation more common

than hyperdeviation)

● Meticulous dissection to isolate SR, proper positioning and

anchoring to sclera along the Spiral of Tillaux, placement of

augmentation, and consistent surgical technique
● Adjustable posterior fixation myopexy

● Adjustable graded augmentation of SRT

● Observation for asymptomatic cases

● Prism glasses

● Revision of SRT +_ removal of
augmentation suture

2. Induced incyclotorsion ● Adjustable posterior fixation myopexy or graded augmentation

of SRT

● Most often clinically insignificant

● May need surgical revision of SRT in

severe and symptomatic cases

3. Consecutive exotropia ● Identify at risk cases pre-operatively (infants, exotropia in

adduction, smaller esotropia at near)

● Surgical revision of SRT if SR-LR

complex is tight on FDT
● If not, MR advancement could be

planned

4. Adduction limitation ● Perform smaller MR recession when combining with SRT

● Not exceed 5.5 mm of MR recession

5. Hypotropia in attempted

abduction

● Identifying this finding pre-operatively to consider IRT instead

of SRT

● Observation mostly (as it is usually

present pre-operatively due to

dysinnervation)

Abbreviations: SR, Superior rectus; LR, Lateral rectus; MR, Medial rectus; SRT, Superior rectus transposition; IRT, Inferior rectus transposition.
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Other Outcomes
Being an asymmetrical transposition with change in the
direction of a vertical rectus muscle, there is a concern that
SRT might cause new onset vertical deviations or lead to
increased incyclotorsion. However, significant vertical or
torsional misalignment has been noted infrequently fol-
lowing SRT and is described in detail in the next section.

Lastly, sensory outcomes of SRT have been studied
using the Worth Four Dot test, Titmus fly test and
Randot stereotest in co-operative patients.8,39 Post-
operatively, none of the patients had a reduction in
stereopsis and there was an increase in number of patients
with fusion and stereopsis in esotropic DRS.

Complications
The post-operative complications of SRT in DRS (Table 5)
are as described below:

Induced Vertical Deviations
Although SRT is an asymmetrical and potentially imbal-
anced transposition, vertical deviations causing diplopia
have been noted infrequently. Escuder et al reported
induced/new onset vertical deviation in 7% in 69 patients
with DRS or 6th nerve palsy undergoing SRT.43 Similarly,
in the series by Sachdeva et al,20 none of the patients
undergoing bilateral SRT had any new onset vertical
deviation in the primary position.

Both hypertropia28,44,45 and hypotropia8,17,41 have been
observed following SRT, although there is a greater ten-
dency for the development of hypodeviation. Escuder et -
al43 observed that the onset of vertical diplopia was
generally within the first few days or weeks after the
surgery and did not develop beyond 3 months.

Mechanism of Induced Hypotropia
A hypotropia may be induced as the elevating force of SR
is decreased by the transposition or if there is inadvertent
advancement of the SO with the SR. Rarely, there may be
intrinsic weakness of the orbital connective tissues causing
slippage of the belly of the SR, causing it to align parallel
to the LR, diminishing its vertical force.4,46

Mechanism of Induced Hypertropia
On the other hand, the vertical action of SR may be
strengthened after SRT due to its advancement when re-
inserted along the spiral of Tillaux or due to dysinnerva-
tion of the muscles.43 This can compensate the propensity

of the transposition to cause a hypodeviation or can even
lead to hypertropia especially in a tight SR.

Management
Often, these vertical deviations are small and
asymptomatic.17,45 However, some of these patients may
require post-operative prism glasses or sometimes may
need a revision of the transposition procedure or an ipsi-
lateral IRT to treat the hypertropia.29,44,47

Induced Cyclotorsion
Lateral transposition of the superior rectus muscle would
also be expected to intort the eye, raising concern over
induced torsional diplopia. While studies analysing
torsion22,41,43,45 using double Maddox rod or by direct
fundus observation, before and after SRT have reported
post-operative intorsion, clinically significant torsional
diplopia was nearly absent in these studies. This can be
possibly explained by the patient’s fusion capacity (<8 PD)
or by modelling of the orbital forces to prevent diplopia.
They also reported that the extent of induced torsion did
not correlate with the use of augmentation or its technique,
the pre-operative esotropic deviation or the post-operative
vertical deviation, if any.43

Vertical Misalignment in affected Lateral
Gaze
Vertical misalignment in the affected lateral gaze has also
been reported following SRT.8,40,41 Mehendale et al noted
clinically insignificant hypotropia in attempted abduction
in several cases after surgery. However, as explained by
Rhiu et al,48 this finding was present pre-operatively in all
of them. This may be caused by a pre-existing dysinnerva-
tion leading to IR activation or SR relaxation in attempted
abduction or due to the differential activation of the super-
ior and inferior parts of the LR. As a result, post-operative
hypertropia in lateral gaze has also been reported. All
these patients have also been found to have a more severe
abduction deficiency.

Consecutive Exotropia
Another concern with augmented SRT is the development
of consecutive exotropia, especially when combined with
MRc. Some of the risk factors that may lead to overcorrec-
tion include preoperative exotropia in attempted adduc-
tion, smaller esodeviation at near and lesser MR
restriction on forced duction.27 Studies have also reported
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significant overcorrection in those undergoing SRT at
a younger age (operated at 10 months,45 1 year8 and 4
years41). Hence some may suggest avoiding surgery in
DRS in patients under 1 year of age unless absolutely
necessary for development of fusion.3

These cases could be a result of either over recession of
the medial rectus and an excessive correction from
Transposition. These patients need early intervention (pre-
ferably within 1–2 weeks), forced duction test on the table
for a tight SR-LR complex or a lax medial rectus. If the
medial rectus is lax and FDT is negative, MR can be
advanced. On the contrary, if the MR is normal, and SR-
LR complex is tight, a staged procedure with the release of
the posterior fixation suture and recession of the SR can be
done.

To avoid this, many authorities recommend performing
medial rectus recession on an adjustable suture.

Post-Operative Adduction Limitation
Post-operative adduction limitation affecting the binocular
field of single vision has also been reported following SRT
when combined with large MRc for esotropic DRS.17,28,32

Hence MR recession more than 5–5.5 mm should be
avoided when combining with SRT.

Considerations for Inferior Rectus
Transposition (IRT)
While SRT has been shown to have its advantages over
horizontal muscle surgery in DRS, it may not be suitable
and might even adversely affect the outcomes in certain
situations like pre-existing incyclotorsion or hypertropia.29

Hence inferior rectus transposition (IRT) has been stu-
died as a possible surgical option in such cases. These
include:

1. Esotropic DRS with pre-existing hypertropia or
incyclotropia.29

2. Esotropic DRS where abduction in depression is
worse than primary position or in elevation (V
pattern of motility).22

3. As a secondary procedure to correct residual eso-
tropia following SRT.8

The surgical technique of IRT involves steps similar to
SRT.4 When isolating the IR for the transposition, it is
equally important to thoroughly separate the capsulopal-
pebral fascial attachments to the IR to prevent vertical

deviations or distortion of the lower lid. After transposi-
tion, the insertion of the inferior rectus muscle is placed
along the spiral of Tillaux, between the lower edge of the
lateral rectus muscle and the temporal edge of inferior
rectus muscle insertions. Augmentation of this transposi-
tion has been studied using a posterior fixation suture29

and by partial resection of the IR (2–4 mm) before re-
inserting it.22

Sener et al22 studied the outcomes of primary IRT in
esotropic DRS and found that the mean esotropic correc-
tion was 18.5 PD with a reduction in face turn and a mean
improvement in abduction by 1.4 units. The V pattern of
motility also improved following IRT. However, while 2
cases developed residual esotropia, 2 developed post-
operative hypertropia (one of these had a prior MR reces-
sion and also developed consecutive exotropia). IRT has
also been found to further improve the primary position
esotropia when used as a secondary procedure following
SRT.8,47 However, further studies with longer follow-ups
are needed to determine the long-term safety and efficacy
of this procedure.

Conclusions
Thus, SRT is an efficient transposition technique to correct
primary position deviation, AHP and improve abduction in
esotropic DRS, yet is safer and less time consuming than
VRT. However, the complex etiopathology of DRS and its
diverse clinical presentations must be kept in mind while
opting for this procedure and it should be planned carefully
especially in the younger age group. Further studies investi-
gating the outcomes of SRT in exotropic DRS and its role in
the management of other CCDDs as well may be explored.
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