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Abstract

Background—Vertical rectus transposition (VRT) is useful in abduction deficiencies. Posterior
fixation sutures enhance the effect of VRT, but usually preclude the use of adjustable sutures.
Augmentation of VRT by resection of the transposed muscles allows for an adjustable technique
that can reduce induced vertical deviations and overcorrections.

Methods—We retrospectively reviewed the records of all patients undergoing adjustable partial
or full tendon VRT augmented by resection of the transposed muscles. Ciliary vessels were
preserved in most of the patients by either splitting the transposed muscle or by dragging the
transposed muscle without disrupting the muscle insertion.

Results—Seven patients with abducens palsy and one with esotropic Duane syndrome were
included. Both vertical rectus muscles were symmetrically resected by 3-5 mm. Preoperative
central gaze esotropia of 30.6 + 12.9A (range, 17-50A) decreased to 10.6 + 8.8A (range, 0-25A) at
the final visit (p = 0.003). Three patients required postoperative adjustment by recession of one of
the transposed muscles due to an induced vertical deviation (mean 9.3A reduced to 0A), coupled
with overcorrection (mean exotropia 11.3A reduced to O in two patients and exophoria 2A in one
patient). At the final follow-up visit 3.8 £ 2.6 months postoperatively, one patient had a vertical
deviation <4A, and none had overcorrection or anterior segment ischemia. Three patients required
further surgery for recurrent esotropia.

Conclusions—Augmentation of VRT by resection of the transposed muscles can be performed
with adjustable sutures and vessel-sparing technique. This allows for postoperative control of
overcorrections and induced vertical deviations as well as less risk of anterior segment ischemia.
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INTRODUCTION

Vertical rectus transposition (VRT) surgery was first described as a treatment for abducens
palsy by Hummelsheim in 1907.1 The surgery he described was a partial VRT, utilizing the
temporal halves of the superior and inferior rectus muscles and transposing them to the
palsied lateral rectus muscle. The Hummelsheim procedure continues to be performed today
for abduction deficiencies, due to its ciliary vessel-sparing quality. In 1959, full tendon
VRT was described? and has been accepted as a more powerful procedure. In 1997, Foster
showed that the addition of posterior fixation sutures (PFS) to the transposed muscles
enhanced the abducting effect of the transposition without the need for simultaneous medial
rectus recession.3 This enhanced effect was shown in magnetic resonance imaging studies to
be a mechanical effect caused by the shifting of the transposed muscle pulleys laterally.*
Many modifications of VRT have been proposed over the years, in order to reduce important
complications such as anterior segment ischemia, scleral perforation, overcorrections, and
induced vertical deviations.>"1® Adjustable VRT was first described by Carlson and
Jampolsky, who proposed a technique of union of the transposed halves of the vertical
muscles to permit self-adjustment of the vertical axis and allow for postoperative horizontal
adjustment.” Laby and Rosenbaum later described an adjustable suture technique for
postoperative adjustment of induced vertical deviations or overcorrection.® In the last
decade, it has been suggested that VRT may be augmented not only by PFS, but also by
resection of the transposed muscles before attachment to the sclera along the spiral of
Tillaux without PFS.12.13 This approach has only been described with partial VRT, and not
as an adjustable procedure.

We describe the outcomes of a series of patients who underwent adjustable augmented
partial or full VRT for abducens nerve palsy and esotropic Duane syndrome. Some patients
also underwent ciliary vessel sparing.

SUBJECTS AND METHODS

This study was approved by the UCLA Institutional Review Board and conformed to the
requirements of the US Health Insurance Portability and Accountability Act. We
retrospectively reviewed the records of all patients with abducens nerve palsy or esotropic
Duane syndrome who underwent adjustable suture partial or full tendon VRT augmented by
resection of the transposed muscles. The surgical technigue used was as follows:
superotemporal and inferotemporal conjunctival incisions were made. The superior and
inferior rectus muscles were isolated. Depending on the procedure, a 6-0 polyglactin suture
was placed either through the full tendon or through the temporal half of the tendon at a
predetermined distance posterior to the muscle insertion, and the anterior portion of the
muscle (or its temporal half) was resected (Figure 1a, b). The muscles were then attached to
the sclera via an adjustable suture at the superior and inferior borders of the lateral rectus
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muscle along the spiral of Tillaux (Figure 1c). Ciliary vessels were preserved in the patients
with partial VRT by splitting the transposed muscle to spare at least one if not both of the
ciliary vessels. In 2 patients, a novel technique was developed in which a short incision of
approximately 2.5 mm was made perpendicular to the path of the muscle on the temporal
side of the muscle, sparing the ciliary vessels, at a predetermined distance from the insertion
of the muscle, and a 6-0 polyglactin suture was woven through the posterior part of the
transected portion of the muscle (Figure 2a). The muscle was then dragged towards the
lateral rectus muscle without disrupting the muscle insertion or splitting the muscle (Figure
2b), increasing muscle tension. The transposed muscle portions were then adjustably sutured
to the sclera along the spiral of Tillaux on the superior and inferior sides of the lateral rectus
muscle insertion, respectively (Figure 2¢). The muscle insertion and the ciliary vessels
running along the muscle path were left intact.

The following characteristics were recorded from the patients’ records: age at surgery,
diagnosis, etiology, visual acuity, motor alignment in primary position at distance and near,
ductions, head position, previous surgical procedures, and current surgical procedure. Motor
alignment was evaluated by prism cover testing. Ductions were measured on a scale of 0 to
-4 (with 0 indicating full duction and —4 indicating no movement past the midline). Head
position was assessed by the same observer preoperatively and postoperatively. Measures
were recorded at the preoperative visit, time of adjustment, postoperative visit, and final
visit. The final visit was either the last documented visit in the patient’s chart, or the last
visit before a reoperation.

Statistical analyses were performed using Microsoft Excel® (Microsoft Corporation,
Redmond, Washington). Student’s t-test was used to compare differences of means, with
p<0.05 considered statistically significant.

Seven patients with abducens palsy and one with esotropic Duane syndrome who underwent
adjustable augmented VRT between September 2010 and November 2012 were included in
this study. Patient characteristics including diagnosis, previous surgery, and procedure
performed are presented in Table 1. Three patients had full VRT, 3 patients had partial VRT,
and 2 patients had a modified augmented non-splitting ciliary vessel-sparing full VRT.
Resection of 3-5 (mean + SD, 3.8 + 0.7) mm was performed in all patients; both vertical
rectus muscles were resected symmetrically in each patient. Postoperative follow-up was 3.8
+ 2.6 months. One patient had a recess/resect adjustable suture procedure on the medial
rectus of the contralateral eye, as has been described previously16 at the same time of the
VRT procedure. Surgical results are shown in Table 2.

Preoperative esotropia measured at distance in central gaze averaged 30.6A + 12.9A (range,
17-504), and was decreased to 10.6 + 8.8A (range, 0-25A) at the final visit (p = 0.003).
Preoperative esotropia measured at near in central gaze measured 19.3A + 11.4A, and was
decreased to 4.1A + 5.0A postoperatively (p = 0.01). Mean correction of esotropia for
distance viewing was 33.3A + 15.5A before any adjustments were made, and was 20.0A +
11.2A at the final visit, as seen in Table 3. Abduction improved from -3.6 to — 2.8 (p = 0.03,
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Table 4). There was no significant change in pre- and postoperative adduction in our
patients.

Three patients required postoperative adjustment to correct an induced vertical deviation
(mean of 9.3A before adjustment). Those patients also had an overcorrection of esotropia to
consecutive exotropia before adjustment (mean exotropia of 11.3A). During adjustment, just
one muscle was recessed corresponding to the vertical deviation; in two patients the inferior
rectus was recessed, and in one patient the superior rectus was recessed. The adjustment
corrected both the vertical deviation and the exotropia in these patients. At the final visit,
one of the patients with an original induced vertical deviation had a recurrent vertical
deviation of 3A. None of the patients was overcorrected at the last follow-up visit. Patients
1, 4, and 6 required additional surgery for recurrent esotropia.

Five patients had previous surgery including medial rectus recession and lateral rectus
resection (Table 1). The three patients who had full VRT did not have previous rectus
muscle surgery. The rest of the patients had a ciliary vessel-sparing procedure, including
patients 2 and 3, who underwent the modified technique of dragging the entire muscle
without disinsertion as described in the “Methods” section (Figure 2). In patient 6, although
the procedure was a partial VRT, both ciliary vessels on each of the vertical rectus muscles
were on the nasal side, so that all ciliary vessels were spared in this patient.

One patient (patient 5) who experienced post-operative hypertropia had an intraoperative
tear of the transposed temporal ¥ of the inferior rectus muscle at the time of attempted
transposition. Subsequently, the remaining nasal half of the inferior rectus muscle was split
in half, thus ending up with a transposed %2 of the inferior rectus muscle, and a non-
transposed ¥ muscle. This may explain that patient’s hypertropia after surgery and the need
for recession of the transposed % superior rectus muscle. No anterior segment ischemia was
recognized in any of the patients throughout the follow-up period.

DISCUSSION

For abduction deficiencies such as abducens palsy and esotropic Duane syndrome, VRT has
been advocated as the procedure that best enlarges the field of binocular vision (17). VRT is
reserved for cases in which there is complete loss of lateral rectus muscle function. If
function remains, rectus muscle resection or plication rather than transposition is
preferred.1” Full tendon VRT is believed to be more powerful than partial tendon VRT.
However, in a partial VRT, unlike standard full VRT, which is usually performed without
ciliary vessel sparing technique, ciliary vessels can be spared to diminish the risk of anterior
segment ischemia. This allows for simultaneous surgery on another rectus muscle if needed.
The PFS introduced by Foster was shown to increase the correction achieved by VRT, with
less need for further weakening procedures for the medial rectus muscle.3 However, the use
of a PFS precluded the use of adjustable sutures for these procedures. The augmented
Hummelsheim procedure introduced by Brooks et al. in which the transposed halves of the
rectus muscles were resected 4-8 mm avoided PFS and was adequate to correct large
deviations in different types of rectus muscle palsies and rectus muscle damage.1? Since this
procedure augmented the VRT without necessitating PFS, this could now be performed with
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adjustable sutures. All the patients in our study were treated with an augmented
transposition procedure with an adjustable technique.

Rosenbaum foresaw the possibility of transposition surgery without disinserting the muscle,
thus sparing all ciliary vessels.1” In this study, we have introduced in two patients this novel
technique in which the transposed muscles are dragged towards the anterior border of the
lateral rectus muscle. This technique can be viewed as a full VRT because the entirety of the
muscle is actually transposed towards the lateral rectus, but with full sparing of the ciliary
vessels. Our modification performed in these two patients is similar to a technique described
by Nishida et al.,1! in that the muscle is never disinserted, thus sparing all ciliary vessels.
However, our procedure allows for dragging of the entire muscle, not only half of it, thus
potentially allowing for greater correction. In addition, our procedure allows for
postoperative adjustment, since the muscle is sutured to the sclera along the spiral of Tillaux
and not posteriorly.

Although the augmented Hummelsheim procedure introduced by Brooks et al. did not
require PFS, most of the patients in that study underwent large recessions of the antagonist
muscle.12 The mean distance correction achieved in their study was 52A. Also in the more
recent study by Couser et al., reporting on augmented Hummelsheim in patients with
complete abducens palsy, the mean correction was 394, and all but one patient had
simultaneous medial rectus recession.3 The resections performed by Brooks et al. were
larger (4-8 mm) than those performed by Couser et al. (4 mm). These results are comparable
to the correction achieved by full VRT coupled with simultaneous or subsequent medial
rectus weakening by either botulinum toxin or recession.1”:18 |n the study by Laby and
Rosenbaum, the effect of full VRT alone corrected approximately 25-30 PD of esotropia
from abducens palsy and Duane syndrome, leaving most of the patients with residual
esotropia necessitating medial rectus weakening with botulinum toxin.8 After the subsequent
procedure, a total mean correction of 50A was achieved. Foster was able to achieve a mean
correction of approximately 55A in his patients with abducens palsy using the PFS enhanced
full VRT. Velez et al. showed a mean correction of 16.4A in patients with Duane syndrome
using the Foster technique, compared to only 8.5A in patients who had transposition without
PFS.19 In the study by Britt et al. on patients with abduction deficiency who underwent
partial VRT with PFS, there was also a mean correction of 50A in those with abducens
palsy; they all had previous medial rectus weakening.20 In the crossed-adjustable technique
described by Phamonvaechavan et al. for abducens palsy, simultaneous medial rectus
weakening was needed less (37%) than in the conventional transposition group (83%).1°
Recently, Mehendale et al. have shown the surgical option of superior rectus transposition
alone combined with medial rectus recession to have reduced a mean esotropia of 44A to
10A in patients with Duane syndrome and abducens palsy.?! In our patients, the mean
preoperative deviation was 30.6 A with a postoperative correction of 33.3A and a final
correction of 20.0A. Five patients had previous medial rectus weakening, along with
additional procedures in 4 of them. The patients with the larger deviations of 50A (who had
not been operated before) had the largest amount of correction without medial rectus
weakening; however, they both had a full tendon VRT, and one of them also had 5 mm of
resection, which may itself increase the amount of correction. The amount of correction
immediately after surgery before adjustment was more than documented at the final visit due
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to the overcorrection in three of the patients, and the esotropic shift over follow-up in most
of the patients. This shows that the procedure is a powerful one; however it seems not as
powerful as when adding a PFS, and showed a possible loss of effect over time in our
patients.

The adjustable nature of this procedure is an advantage whereby the surgeon can “fine tune”
the results. In our study, 3 patients had induced vertical deviations that were relieved by the
adjustment. In the study by Couser et al. on the Hummelsheim procedure augmented by
resection for patients with abducens palsy, vertical deviations were noted at the final follow-
up visit in 2 of 12 patients.13 Foster reported 4 of 21 patients with vertical deviations less
than 2A.3 In Yazdian et al., only 3 of 62 patients had induced vertical deviations.22 But other
studies have reported a larger percentage, with larger deviations ranging from 8.5% with
deviations larger than 8A in Ruth et al. on patients with Duane syndrome, to 20%-40% in
abducens palsy.81823.24 A in our patient who developed a recurrent vertical deviation,
Phamonvaechavan et al. reported on the number of patients with vertical deviations
increasing at the 6-10 week postoperative visit.1> Of the 3 patients in our study with a
vertical deviation immediately following surgery, all had overcorrection as well. During
adjustment, the release of the corresponding muscle corrected both the vertical deviation as
well as the overcorrection. If there was an overcorrection without vertical deviation, it would
be possible to recess both superior and inferior muscles in order to weaken the transposition
procedure.8 We cannot rule out that the procedure is less powerful in some of the patients
due to the adjustable suture technique. For example, patient 8 had a more powerful outcome
before adjustment. Due to the vertical deviation, the patient was adjusted and the power of
the transposition was thus reduced.

This study must be understood within the context of its limitations. Because it is a
retrospective study, it is subject to measurement and interpretation errors that can
accompany retrospective studies. For example, the choice of the procedure performed on
each patient correlates directly to the history of previous surgery and the amount of
deviation of the specific patient. Also, it is difficult to accurately assess the effect of surgery
when dealing with so few patients, especially when the surgery for all patients was not
exactly the same. Since this is a procedure just recently undertaken by our group, the follow-
up time is short. There was recurrence to >10A esotropia in 4 of our patients. Longer follow-
up would be needed to provide more substantial evidence of the strength of our procedure.

In conclusion, we show the advantages of a vertical transposition procedure augmented by
resection of the transposed muscles with ciliary vessel-sparing and adjustable technique.
With our procedure, we are reducing the risk for anterior segment ischemia, scleral
perforation, vertical deviations, and overcorrection, thus improving the chances for a
beneficial effect without causing harm.
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FIGURE 1.
(a) The vertical rectus muscle is split longitudinally in half, preserving the nasal ciliary

vessels. (b) Suture is placed within the temporal half of the split muscle at a predetermined
distance from the muscle insertion and the temporal half of the muscle is resected and (c)
sutured to the sclera by the LR insertion at the spiral of Tillaux on adjustable suture.
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(@)
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FIGURE 2.
(@) A 2.5-mm transverse incision is made temporally at a predetermined distance from the

muscle insertion. Suture is woven through the posterior part of the incision, (b) muscle is
dragged without disruption of the original insertion or splitting the muscle and (c) sutured to
the sclera by the LR insertion at the spiral of Tillaux on adjustable suture.
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TABLE 1
Patient characteristics and surgical data.
Patientno.  Age (y)/Sex Dx Prior sx Procedure Resection (mm)
1 56/M 6th NP OD None FVRT 5
2 62/M 6th NP OS LMRc, LLRs FVRT, vessel sparing, RMRc/s 4
3 42/F  Duane’s OS LMRc FVRT, vessel sparing 3
4 49/F 6th NP OS None FVRT 3
5 60/F 6th NP OS  LLRs, RMR c/s, LMRc, LLRs PVRT 3
6 26/F  6th NP OD RMRc, RLRs PVRT 4
7 48/F 6th NP OD RLRs, RMRc, LMRc PVRT 4
8 47/F 6th NP OS None FVRT 4

Page 10

FVRT = full vertical rectus transposition; PVRT = partial vertical rectus transposition; NP = nerve palsy; MR = medial rectus; LR = lateral rectus;
¢ = recession; s = resection; OD = right eye; OS = left eye.
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TABLE 3

Amount of correction (A).

Patient no.  Correction postop (A) Correction final (A)

64
30
18
50
28
24
25
27
MEAN 333

0 N o o B~ W N

36
24
11
32
18

5
25

9
20

Page 12

Correction postop = amount of change in deviation from the preoperative visit exam to the postoperative pre-adjustment exam; correction final =
amount of change in deviation from the preoperative visit exam to the final visit exam.
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TABLE 4

Preoperative and postoperative ductions and head posture.

Abduction Adduction Head posture

Patientno. Preop Postop Preop Postop Preop Postop
1 -4 -15 -0.5
2 -35 -3 -0.5 -0.5 20degto L Small to L
3 -4 -4 -1 -05 20 deg L 10 deg L
4 -35 -3 0 0 40 deg L 15 deg L
5 -4 -4 0 0 25deg L None
6 -3 -2 0 0 toR <5deg R
7 -4 -3 -1 -1 25deg R, 15deg R tilt  none
8 -3 -2 0 0 15deg L, 15degtiltL  10deg L
MEAN -3.6 -2.8 -0.4 -0.3

L = left, R = right.
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