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Abstract

Aims The aim of this study was to evaluate

the motor, sensory, functional, and head

posture results of recession of the lateral

rectus muscle contralateral to the involved

eye in patients with exotropic Duane

retraction syndrome (DRS) type 3.

Methods This was a retrospective,

longitudinal, observational study of a

consecutive clinical case series. Of the 11

patients with DRS type 3 operated on at a

tertiary medical center from 1977 to 2012,

8 underwent recession of the lateral rectus

muscle contralateral to the involved eye

(with combined Y-splitting of ipsilateral lateral

rectus muscle in 3 of them). Full ophthalmic,

orthoptic, and neurological examination was

performed before and after surgery. Main

outcome measures included intragroup

changes in motor misalignment, abnormal

head turn, ocular upshoot, and stereopsis.

Results Mean patient age was 8.75±3.1

years at surgery. Mean exodeviation for

distance was � 17.3±3.5 prism diopters (PD)

preoperatively and � 4.0±6.1 PD

postoperatively; corresponding values for

near were � 23.1±7.2 PD and � 5.9±8.7 PD.

Motor deviation improved by 77% for

distance (P¼ 0.017) and 74.5% for near

(P¼ 0.01). In 7/8 patients, the postoperative

residual exodeviation (distance and near) was

o8.0 PD. There was an 80% improvement in

head turn, from 15.3±41 before surgery to

3.1±5.01 after (P¼ 0.01). Stereopsis improved

significantly in 6/8 patients. Findings

remained stable during follow-up (mean

duration 35.9±50.8 months, range 5–132

months).

Conclusions Contralateral lateral rectus

muscle recession appears to be a promising

technique for the treatment of moderate

unilateral DRS type 3, with patients showing

significant motor and functional

improvement and a decrease in head turn.
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Introduction

Duane retraction syndrome (DRS) is a spectrum

of congenital ocular motility disorders

characterized by limitation of horizontal

duction associated with globe retraction1–3 and

consequent narrowing of the palpebral fissure

in adduction.4 DRS is caused by dysinnervation

of the extraocular muscles (EOMs) by branches

of the oculomotor nerve.5,6 Huber7 classified

DRS into three categories on the basis of

electromyography examinations: type 1,

limitation of abduction; type 2, limitation of

adduction of the involved eye; and type 3,

limitation of abduction and adduction of the

involved eye. Co-contraction of the horizontal

and/or vertical rectus muscle is typical to all

three types.8 DRS type 3 is the second most

common after DRS type 1, usually monocular,

and mostly sporadic. It is characterized by

exotropic or esotropic deviation or orthophoria

because of the abnormal innervation of the

lateral and medial rectus muscle by the

ipsilateral oculomotor nerve.9–11

Traditionally, surgery for the treatment of

exotropic DRS type 3 consists mainly of

recession of the ipsilateral lateral rectus muscle

to correct the horizontal misalignment.11–14

However, the resulting primary position of the
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eye is unpredictable, with increasing lateral rectus

limitation, and the visual field of single binocular vision

may be reduced. An alternative surgical approach is

recession of the lateral rectus muscle of the noninvolved

(normal) eye in selected patients in order to better

estimate the postoperative horizontal alignment. The aim

of the present study was to evaluate the motor and

sensory functional results of recession of the lateral

rectus muscle contralateral to the affected eye in patients

with exotropic DRS type 3.

Patients and methods

Design and patients

A retrospective study design was used. Patients were

identified by a search of the electronic database of the

Pediatric Ophthalmology Unit of Schneider Children’s

Medical Center of Israel for all children treated for DRS

type 3 from 1997 to 2012. Exclusion criteria were

previous EOM or retinal detachment surgery, presence of

an ocular malformation or neurological deficit, and o5

months of postoperative follow-up. The study was

presented to the Institutional Review Board and was

approved by the Ministry of Health and the hospital

director.

Patient evaluation

Of the 31 patients with DRS who underwent EOM

surgery at our unit during the study period, 11 had DRS

type 3. All underwent full ophthalmic, orthoptic, and

neurological evaluation before surgery, including

cycloplegic refraction with 2 instillations (10 min apart)

of cyclopentolate 1%. Distance (6 m) and near (0.33 m)

deviations in the primary position were measured by the

alternate prism cover test on an accommodative target in

all diagnostic positions of gaze and in down gaze with

normal head posture, and with the best optical

correction, if necessary. Additional ocular upshoot and

head turn (measured by goniometer) were evaluated as

well, and binocular tests for fusion (Worth 4-dot test) and

stereopsis (Titmus fly test) were conducted. The presence

of a space-occupying lesion, myasthenia gravis, or

intracranial vascular problem was ruled out. Duction

limitation in the involved eye was identified by

evaluating ocular motility toward the horizontal side,

abduction and adduction, and nasal and temporal up/

down positions, with comparison of the findings with the

(normal) contralateral eye. Only patients with ocular

abduction and adduction limitation of Z� 2 were

classified as DRS type 3. Indications for surgery were

horizontal distance and near vision misalignment of Z10

prism diopters (PD) in the primary position, significant

ocular upshoot, and abnormal head turn of 4101.

A forced duction test in all directions was performed

intraoperatively in all cases.

Surgical technique

All operations on the noninvolved eye were performed

under general anesthesia by two surgeons (MS and NG-C).

In patients with similar exotropia for distance and near,

standard lateral rectus recession was performed in the

uninvolved eye, as described by Parks.15 In patients with

a significant difference between distance and near

exodeviation, we used the slanted procedure wherein the

upper and lower pole of the lateral rectus muscle was

recessed nonsymmetrical from the original insertion, as

described in detail by Snir et al.16 In the presence of

moderate–severe upshoot, this procedure was combined

with Y-split (bifurcation) of the lateral rectus muscle in

the involved eye,17,18 according to the guidelines of

Rosenbaum and Santiago19 and Jampolsky.20,21 The split

ipsilateral lateral rectus muscle was recessed for 1.0 mm.

The upper half was sutured to the adjacent upper corner

of the original insertion and the lower half was sutured

adjacent to the lower corner of the original insertion. The

distance between the two halves at the suturing points

was equal to the muscle width.

Outcome measures

Surgical and functional results were evaluated by

repeating the presurgical examinations (including double

Maddox rod test) on postoperative day 1, at 1, 3, and 6

months postoperatively, and periodically thereafter.

Successful outcome was defined as a reduction in ocular

horizontal (distance/near) deviation to r8 PD,

alleviation of abnormal head tilt to r51, and minimal to

no ocular upshoot with regain of binocular functions

(stereopsis) at the last ophthalmic examination.

Statistical analysis

The amount of slanted lateral muscle recession was

measured by the midpoint distance between the

recession points of the upper and lower pole of the

muscle. To evaluate the impact on collapse of the angles

of head turn and horizontal distance and near deviations,

the mean postoperative measurements were deducted

from the preoperative measurements divided by the

lateral rectus muscle recession. The nonparametric

Wilcoxon test was used to analyze the change in

abnormal head tilt and in distance and near horizontal

exodeviation and stereopsis from before to after surgery.

The Mann–Whitney test was used to evaluate age at

surgery and postoperative follow-up. A P-value of r0.05

was considered significant. All statistical calculations
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were performed with the SPSS program (Professional

statistic release 11.5/2003, Chicago, IL, USA).

Results

Ages of the 11 patients with DRS type 3 ranged from 4 to

19 years. All were exotropic; none of the patients had

orthotropia or esodeviation. Lateral rectus restriction was

mild–moderate (þ 1) in 8 patients and moderate

(þ 2/þ 3) in 3.

Of the 11 patients, 8 (73%) underwent recession of the

lateral rectus muscle contralateral to the involved eye,

and formed the study group. The other 3 patients were

treated by the standard surgical approach (ipsilateral

surgery of the involved eye).

The study group consisted of 5 boys (62.5%) and 3 girls

of mean age 8.75±3.1 years at surgery (range, 4–14). The

left eye was affected in 6 patients (75%) and the right eye

in 2 patients. All patients were followed for Z5 months

postoperatively (mean 31±46.0 months, range 5–114

months).

Standard lateral rectus recession was performed in five

patients and slanting recession procedures in three

patients. The mean amount of lateral rectus muscle

recession in the nondiseased eye was 6.95±1.2 mm

(range, 6–9). Mean exodeviation for distance in primary

gaze improved from � 17.3±3.5 PD preoperatively

(range, � 14 to 25) to � 4.0±6.1 PD (range, 0–18)

postoperatively; corresponding values for near were

� 23.1±7.0 PD (range, � 12 to 35) and � 5.9±8.6 PD

(range, 0–25). On statistical analysis, every 1.0 mm of

lateral muscle recessed was associated with a 1.9 PD

correction in exodeviation for distance and a 2.5 PD

correction for near.

Four patients had ocular upshoot on adduction of the

involved eye, of whom three underwent combined

lateral rectus recession in the noninvolved eye and Y-split

procedure on the lateral rectus muscle in the involved eye.

None had ocular upshoot postoperatively. The remaining

patient presented with flick ocular upshoot that resolved

after horizontal EOM surgery in the noninvolved eye.

Gross stereopsis was present preoperatively in

4 patients (50%), with a range of 80 to 3000 s of arc, and in

7 patients (87.5%) postoperatively, with a range of 40 to

3000 s of arc (40 to 50 s of arc in 2 patients and 140 to

3000 s of arc in 5). Mean head turn measured 15.63±4.21

preoperatively (range 0–20) and 3.1±5.31 postoperatively

(0–15). According to our calculations, every 1.0 mm

recession of the lateral rectus muscle in the noninvolved

eye corrected the head turn by a mean of 1.81.

The patients who underwent ipsilateral lateral rectus

surgery were not included in the study because of their

small number (n¼ 3) and one of them was lost to follow-up.

In all three patients, results for all postoperative motoric

and sensory parameters were unsatisfactory. Mean

amount of lateral rectus recession in the involved eye

measured 4.7±1.6 mm (range 4–9 mm). The difference in

mean exodeviation for distance from before to after

surgery did not achieve statistical significance (P¼ 0.29);

the same was true for the corresponding changes for near

(P¼ 0.1). One patient (1/3) had an ocular upshoot before

and after surgery. None of the patients had stereopsis.

Reoperation was recommended in 1/3 patients.

Overall, the postoperative evaluation of the study

group yielded significant motor changes and

improvement in alignment, with a 77% reduction in

distance deviation (P¼ 0.017) and a 74.5% reduction in

near deviation (P¼ 0.012) in primary gaze. In some

patients, the horizontal deviation in side gaze was

measured only preoperatively. However, none of the

operated patients complained of diplopia on abduction

of the noninvolved operated eye. In 7 of the 8 patients

(87.5%), the postoperative residual exodeviation for

distance and near was o8 PD; the remaining patient

had hypertropia with residual exotropia of 48 PD.

In addition, there was a significant (80%) improvement in

head turn (P¼ 0.01). Single binocular visual field

examination was not performed because of technical

problems. No torsional effect was found after surgery on

double Maddox rod test. Reoperation was recommended

in one patient.

Discussion

The surgical strategy for DRS type 3 poses a challenge as

all three components of the disorder (horizontal

deviation, head turn, and upshoot/downshoot) need

to be taken into account on a case-by-case basis.22

The present study evaluated the outcome of patients

with exotropic DRS type 3 treated by contralateral lateral

rectus recession instead of the traditional ipsilateral

lateral rectus muscle recession. Motor and functional

results were good and remained stable throughout a

follow-up period of Z5 months. Specifically, distance/

near exodeviation decreased to r8 PD in primary

position, anomalous head turn decreased to r51,

eliminating the ocular upshoot, and stereopsis was

regained. Together, these findings emphasize the

advantages of this surgical technique.

Several surgical methods have been proposed in the

ophthalmic literature to treat DRS,23–27 but most apply to

types 1 and 2. Published results of DRS type 3 surgery are

sparse in the medical literature, and the approaches used

were not uniform. Most are also old. Using a tailored

approach, Jampolsky21,28 and others24–26 veered from the

classification of Huber7 and considered the coexisting

horizontal (either esotropia or exotropia) or vertical

deviation; that is, they applied the surgical treatment
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intended for esotropic or exotropic DRS types 1 and 2 to

DRS type 3 patients with esotropia or exotropia. In two

case reports, Von Noorden29 and Sprunger30 recessed

the ipsilateral medial and lateral rectus muscles

simultaneously in a patient with DRS type 3

(with upshoot and downshoot), and Liu et al,31 in a study

of 16 patients with DRS, 13 patients with type 3

(esotropic and exotropic), recessed both horizontal rectus

muscles, with good results in primary position in all

patients. Spielmann et al32 also reported good results

with a posterior fixation suture of the horizontal rectus

muscles of the sound eye. These procedures were based

on the rationale of transposing the insertion of these

muscles posteriorly in relation to the center of rotation

of the globe.

Owing to the severe paradoxical EOM innervation in

the involved eye in DRS type 3, operating on the

ipsilateral lateral rectus muscle poses a risk of increasing

the abduction limitation and incomitant deviation, with

unpredictable results. Furthermore, it is difficult to

sufficiently weaken the lateral rectus muscle surgically

and it increases esotropia in lateral gaze.21,28 However,

when recession is performed on the lateral rectus muscle

in the contralateral eye, with normal EOM innervation,

the postoperative alignment is more predictable. This

procedure also increases the tone in the contralateral

normally innervated medial rectus muscle. Surgery is

planned according to the misalignment of the secondary

deviation.

Several authors agree with the notion of operating on

the noninvolved eye to improve alignment results.33–35

Lingua and Walonker35 suggested operating on the

noninvolved eye when the weakened EOM retains

enough strength to rotate the eye into its field of action.

Recession of either the yoke muscle of the paretic muscle

or the yoke’s antagonist exerts the greatest effect in the

primary direction of gaze, where it is needed. Archer33,34

suggested that recession of the contralateral

(noninvolved) eye decreased both the innervation of the

normal operated eye and the aberrant innervation to the

EOM in the involved eye.

According to Saunders et al,36 two conditions are

necessary to achieve good results with surgery on the

contralateral agonist EOM of the involved DRS muscle.

First, very large recessions or posterior fixation sutures

(Faden procedure) are used in the noninvolved eye to

cause comparable duction limitations as in the affected eye.

By matching the movement abnormalities of the eye with

DRS, alignment can be restored in the primary position,

with the creation of a wider diplopia-free field

(and improved single binocular vision) postoperatively.

Second, as the normal eye is usually the dominant one,

this technique should be done only in patients with

moderate-angle deviation.

The rationale for contralateral rectus muscle recession

in DRS type 3 may be clarified by the study of Lingua

and Walonker35 in patients with DRS type 1. These

authors found that by using both recession and posterior

fixation of the normal medial rectus muscle, they

eliminated the abnormal head position and corrected

moderate-angle esotropia (up to 40 PD). Similarly, in a

discussion of the study results of Saunders et al,36 Kraft37

recommended that this technique be applied on the

normal EOM only for esotropia of at least 20 PD

(in DRS type 1).

Upshoot and downshoot are more common in DRS

type 3 than in types 1 and 2.38 In the present study, half

the patients had an upshoot of the affected eye on

adduction. In three of these patients, we combined a

splitting procedure of the lateral rectus muscle on the

involved side in the same session that successfully

eliminated the disfiguration in all cases. This approach

was based on the rationale, as advocated by

Jampolsky,20,21 that repositioning each half of the

ipsilateral lateral rectus muscle could stabilize the globe

and prevent its slippage above or below the horizontal

plane. It may add a weakening impact or reduce the

residual postoperative exodeviation. Others reported

that this combined technique in the involved eye led to

dramatic improvement in patients with moderate globe

retraction on adduction.17,18,39–41

It is noteworthy that our cohort was considerably older

(8.75±3.13 years) than in most other common strabismus

studies. Kubota et al23 reported that 92.7% of their

patients with DRS underwent surgery after age 3 years,

and Waddell et al9 suggested that surgery for DRS should

be performed before age 8 years. However, although DRS

is diagnosed early, the indications for surgery may

develop only later in life.

Sloper and Collins8 and Chua et al12 reported the

absence of binocular vision in 20% of their patients.

Evaluation of the postoperative functional/sensory

results in our study showed that 6 of the 8 patients (75%)

had improved binocular function (stereopsis) compared

with preoperative ranges. It is noteworthy that the

improved motoric results were combined with better

functional outcomes that helped to stabilize the ocular

alignment during the follow-up period. Surgical

treatment for DRS in the literature appears to focus more

on the motor than the sensory aspect. However, both

features are important in visual rehabilitation, especially

in patients with complicated DRS type 3.

Our study is limited by the retrospective design and

lack of a control group. The small cohort was because of

the rarity of DRS type 3: in the past 15 years, we operated

on a total of only 11 patients, of whom 8 were treated

with the new approach. Furthermore, the changes in

horizontal deviation in side gazes from before to after
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surgery were not calculated and the field of single

binocular vision was not measured.

In conclusion, the present study shows that in a

selected group of patients with unilateral moderate

exotropic DRS type 3, lateral rectus muscle recession in

the noninvolved eye has several important advantages.

It reduces the mean distance/near exodeviation (to r8

PD in our cohort), minimizes the head turn (to r51 in

our cohort), and eliminates the disfiguring upshoot

position (when combined with ipsilateral Y-split).

In addition, most of the patients regained stereopsis.

The motor, functional, and head posture improvements

remain stable during follow-up. At present, this

technique is preferred at our center to correct moderate-

angle exodeviation in DRS type 3 with anomalous head

turn. Further collaborative multicenter studies in larger

cohorts are needed to corroborate these findings.

Summary

What was known before

K There are few reports on DRS type 3 in the medical
literature.

K In patients with exotropic DRS type 3, the treatment
consists of ipsilateral lateral rectus muscle recession.
Surgical results are unsatisfactory and unpredictable.

What this study adds

K We prefer and recommend lateral rectus muscle recession
of the contralateral eye (healthy) in patients with mild-
moderate exotropic DRS type 3.

K There was significant reduction of the near and distance
exodeviation and anomalous head turn, with improved
stereopsis. Results were stable throughout the follow-up
period.
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