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Abstract

Objective—To propose medial rectus (MR) recession to be equally as effective as lateral rectus
(LR) resection, which has heretofore been the preferred treatment for divergence paralysis
esotropia (DPE).

Methods—We examined a 17-year surgical experience comparing LR resection with MR
recession in adults with DPE, defined as symptomatic distance esotropia (ET) at least double the
asymptomatic ET of 10 or less prism diopters (A) at near.

Results—Twenty-four patients with DPE underwent surgery. Six patients underwent bilateral
LR resection and 2 underwent unilateral LR resection (group L), while 13 underwent bilateral MR
recession and 3 underwent unilateral MR recession, with the target angle double the distance ET
(group M). One of 8 patients in group L and 15 of 16 patients in group M underwent
intraoperative adjustable surgery under topical anesthesia. Mean (SD) preoperative central gaze
ET measured 15.0 (7.7) A at distance and 4.1 (3.4) A at near in group L, but 10.4 (6.8) A at
distance and 0.6 (1.7) A at near in group M (P=.15; distance, 0.003, near). Postoperatively, no
patient in either group had symptomatic diplopia or convergence insufficiency in follow-up from
8.5 to 40 months. Twice the usual surgical dose of MR recession per prism diopter was required to
achieve correction of the distance deviation in DPE as compared with that recommended for ET
generally and also for LR resection in the same condition.

Conclusions—Recession of the MR provides binocular single vision in DPE without
convergence insufficiency at near, and it is convenient for intraoperative adjustment under topical
anesthesia.

Divergence paralysis esotropia (DPE)—variably termed divergence insufficiency,
divergence insufficiency esotropia, and divergence paresis esotropia—is characterized by
comitant esotropia (ET) at distance fixation associated with symptomatic diplopia, fusion at
near fixation, and normal saccadic velocities in adduction and abduction. As the name
implies, early thinking about DPE was dominated by the presumed pathophysiological
concept of a brain lesion involving a putative divergence center.1:2 Indeed, isolated clinical
reports have associated DPE with neurologic conditions such as brain tumors, multiple
sclerosis, trauma, subdural hematoma, and tertiary syphilis.2® Even postulated as a cause of
DPE was increased medial rectus (MR) muscle tonicity as a compensatory mechanism for
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presumed decreased age-related convergence® and subclinical or barely clinical MR
restriction.” However, probably because most cases of DPE were not associated with
obvious neurologic diseases or diminished convergence, an alternative proposition of mild
bilateral abduction weakness was suggested.*6 Most recently, high-resolution magnetic
resonance imaging of the orbit has demonstrated inferior sagging of the lateral rectus (LR)
pulley due to degeneration of the connective tissue of its suspensory ligament, the LR-SR
band, in patients with DPE.8 Therefore, it has most recently been proposed that DPE is more
typically a mechanical rather than a neurogenic disorder. Although based on the modern
proposal for etiology, the term DPE has become a misnomer; it is used here as a
convenience for reference to earlier literature and for clinical application.

The horizontal, binocular diplopia during distance viewing can be functionally significant in
DPE, significantly impairing patients’ quality of life. Surgical and nonsurgical treatments for
amelioration of the distance diplopia have been advocated.?6:8-12 Base-out prisms are
frequently effective, particularly for smaller deviations in patients already requiring
spectacle correction for refractive errors. However, there is increasing motivation for
spectacle independence among patients of all ages, particularly contact lens wearers, and
patients who have undergone cataract surgery with implantation of multifocal intraocular
lenses. In patients with DPE who do not desire prismatic correction or who have deviations
exceeding reasonable spectacle prism power, resection of 1 or both LR muscles has been
reported as effective.>8-12 Preference for LR resection has been founded on the traditional
assumption that the LR muscle is more important during distance fixation and the MR more
important at near. However, the traditional assumption has more recently been challenged
by both biomechanical modeling13-14 and surgical experience,’1% indicating that MR
recession would also be effective in DPE. At our institution, both LR resection and MR
recession have been used for treatment of DPE, permitting comparison of the long-term
effectiveness and complications of both surgical approaches.

Under a protocol approved by the institutional review board of the Office for Protection of
Human Subjects, a retrospective analysis of the clinical and surgical records of consecutive
patients with DPE from 1994 through 2011 at the Pediatric Ophthalmology and Strabismus
Division at the Jules Stein Eye Institute was performed. Divergence paralysis esotropia was
stringently defined as orthophoria or asymptomatic esophoria of no more than 10 A at 33
cm, with symptomatic distance ET measuring at least twice the measured near esophoria.

Patients with DPE were divided into 2 groups, depending on the corrective surgical
procedure performed: group L with LR resection and group M with MR recession.
Intergroup comparisons were performed for age, sex, ductions in secondary and tertiary
gazes, best-corrected visual acuity denoted as logarithm of the minimum angle of resolution
(logMAR), spherical equivalent refractive error, stereopsis (Titmus fly stereotest),
preoperative deviation at distance and near, preoperative convergence amplitudes measured
with base-out free prisms, amount of strabismus surgery performed, and postoperative
binocular alignment recorded at multiple intervals until last follow-up.

Although never confirmed, it was supposed that a surgical exoshift exceeding the fusional
convergence amplitude at near might have the undesirable effect of inducing convergence
insufficiency. Consequently, convergence amplitudes were measured preoperatively for
distance and near by progressively increasing base-out prism until diplopia was reported and
alternate cover testing demonstrated induced exotropia. Therefore, surgically induced
exoshift was never planned to exceed the fusional convergence amplitude at near. It was
confirmed in all patients that base-out prism corrected the distance ET and alleviated the
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diplopia. Divergence amplitudes were not measured in most cases, as these were presumed
to have been insufficient to compensate for the ET for which all of the patients presented.

All patients underwent strabismus surgery, with either intraoperative adjustment under
monitored topical anesthesia or postoperative adjustment within 24 hours of surgery that had
been performed under general anesthesia. Adjustment was usually performed in 1 eye, even
if surgery was bilateral, although surgeons usually chose bilateral surgery.

Patients were considered eligible for surgery under topical anesthesia if they tolerated
moderate preoperative pressure over the bulbar conjunctiva overlying the MR of 1 eye
applied using a cotton swab stick in the office after topical application of 0.5% proparacaine
hydrochloride. Strabismus surgery with intraoperative adjustment was performed using
topical anesthesia by 1% lidocaine hydrochloride solution. An anesthesiologist monitored
the procedure and on surgeon request, provided individually selected, minimal doses of
propofol or alfentanil hydrochloride so that patients remained, or quickly became, alert and
cooperative during intraoperative suture adjustment.16-18 Adjustment was performed in the
seated upright position with any required refractive correction, with centered and
horizontally eccentric targets at near and distance. Patients were considered to have had
adjustable sutures if at least 1 adjustable suture was placed, regardless of whether the muscle
position was changed at the time the suture was made permanent.

Statistical analysis was performed using the Microsoft Excel package and #test. To account
for the large number of comparisons, a level of 0.005 was required to demonstrate statistical
significance. Regression analysis of the dosage of surgery in millimeters per prism diopter
of distance deviation corrected by surgery was calculated for both subject groups using JMP
statistical software (SAS Institute) and compared with the recommended surgical dosage
according to Parks et al.19

Of the 24 patients with DPE, 8 (2 male and 6 female) underwent LR resection (group L: 6
bilateral, 2 unilateral). The remaining 16 patients (group M: 4 male and 12 female)
underwent MR recession (13 bilateral, 3 unilateral). The average (SD) age of patients in
group L was 75 (6) years vs 68 (14) years in group M (P=.22). Average (SD) visual acuity
of patients in group L was 0.18 (0.25) logMAR vs 0.16 (0.17) logMAR in group M (P=.69).
Mean (SE) refractive error was —2.62 (3.87) diopters (D) in group L vs —1.55 (2.65) D in
group M (P=.27). Average (SD) stereo threshold was 55 (28) arcsec in group L and 131
(140) arcsec in group M (P=.15). Mean (SD) preoperative central gaze ET for distance was
15.0 (7.7) A ingroup L and 10.4 (6.8) A in group M (P=.15). Mean (SD) preoperative
central gaze esophoria at near was 4.1 (3.4) A ingroup L and 0.6 (1.7) A in group M; this
difference was statistically (~=.003) but probably not clinically significant. Convergence
amplitudes (SD) for distance and near were recorded in only 2 patients in group L,
averaging 18 (4) A for both distance and near. Average (SD) convergence amplitudes of 14
patients in group M were 20 (9) A for near and 19 (8) A for distance.

Seven of 8 patients in group L required general anesthesia and underwent postoperative
adjustable suture technique, while 15 of 16 patients in group M underwent surgery under
topical anesthesia with intraoperative adjustable suture technique. The only patient in group
M who was not operated on under topical anesthesia had intense nystagmus precluding
intraoperative adjustable surgery; no adjustable suture was placed in this patient. Bilateral
LR resection was performed in 5 patients in group L, with unilateral surgery in 3 patients. In
group M, 13 of 16 patients underwent bilateral surgery, with 3 patients undergoing unilateral
surgery. Nine of 13 patients in group M underwent symmetrical MR recessions, while the
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remaining 4 underwent asymmetrical surgery dependent on the preoperative lateral
incomitance. The average (SD) LR resection performed was 4.5 (1.2) mm in group L; details
of the amounts of adjustment performed were unavailable from the medical records. The
average (SD) MR recession in group M was 3.7 (0.7) mm, measured using calipers at the
conclusion of intraoperative adjustment.

In all cases in both groups, there was satisfactory postoperative improvement in binocular
alignment in primary gaze for distance, with complete correction of distance diplopia in
central gaze with initial operation. The Figure demonstrates the relationship between total
surgical dose, representing the sum of the right and left eye recession or resection in both
groups. Linear regression was performed to relate effect to total surgical dosage with
comparison with recommended surgical dosage according to Parks et al.1® The regression
slopes indicate the incremental effect represented in prism diopter per millimeter of right
plus left eye LR resection vs MR resection. Note in the Figure that the observed regression
slope for LR resection of 2.4938 A/mm (~=0.92; P=.001) corresponds to the slope of 2.50
computed from the recommended surgical dosage of Parks et al for resection.1?
Interestingly, while the observed regression slope of 2.5057 A/mm (/=0.67; P=.005) for
MR recession was also nearly identical to both the observed and recommended slopes for
LR resection, the observed slope for MR recession was almost exactly half the slope of the
recommended surgical dosage according to Parks et al.1?

When lateral incomitance was present, the adjustable suture was generally placed on the MR
opposite the horizontal direction of the greatest ET; this often resulted in slightly greater
recession of this MR than of its fellow. Thus, if the ET was greater on right than left gaze,
the left MR was recessed on adjustable suture to obtain a greater effect in right gaze. In one
unilaterally operated on case in group M, lateral gaze diplopia was relieved only in central
gaze and contralateral to the operated eye, necessitating later recession of the other MR to
alleviate symptom.

In all cases in both groups, central gaze ET was eliminated with amelioration of distance
diplopia and no induction of near diplopia in any case. Average alignment results for the 2
groups did not differ by amounts that were statistically or clinically significant (Table 1). In
the final postoperative assessment, 4 patients in group L had small angles of consecutive
near exophoria averaging 1.3 (2.1) A for distance and 1.5 (1.8) A for near. However, none
of the patients in either group had postoperative diplopia at near or distance or required
prismatic correction. In group M, the preoperative near deviation was very small and
became nil postoperatively. There was no consecutive exophoria in any patient in group M.

COMMENT

Surgical treatment of small-angle strabismus must carefully avoid overcorrection, a complex
consideration if there is incomitance among distance, near, and lateral gazes as is typical of
DPE. Historically, the description of DPE has been muddled by the inclusion of varied
definitions and etiologies and sometimes severe neurologic or orbital insults largely
appropriate for nonsurgical management.1:6:20.21 During the past 2 decades, specific efforts
have been made to clarify the pathogenesis of DPE and refine surgical correction.

Surgical correction of severe ET due to DPE and marked inferior displacement of the LR
has concentrated on the etiology of the condition as demonstrated by orbital imaging.8-2223
The procedures reported have included suture anastomosis of the LR and superior rectus
(SR) muscle margins approximately 10 mm posterior to their insertion, with superior
transposition of the LR muscle insertion;8 suture anastomosis of the margins of the LR and
SR pulleys;8 loop myopexy approximating the LR and SR muscles without splitting with
MR recession or scleral fixation;1%-24 union of the LR and SR bellies after splitting these
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muscles longitudinally, combined with MR recession;12 MR recession and LR resection in 1
eye;25 and LR resections.>:%11 These complex procedures are not required to treat DPE.

Adjustable LR resection has been reported effective in DPE, without causing consecutive
exotropia at near.11 Though not specifically reported for DPE associated with connective
tissue degeneration in elderly individuals, MR recession has been reported to be as effective
as LR resection for correcting distance ET.”15:26:27 |n this report, adjustable LR resection
with average (SD) surgical dose of 4.5 (1.2) mm was effective for correcting DPE and did
not cause consecutive exotropia. Adjustable MR recession with an average (SD) dose of 3.7
(0.7) mm was found to be equally effective to LR resection. In addition to equal
effectiveness, MR recession has the advantage of convenience for intraoperative adjustment
under topical anesthesia.16-18

The surgical response of common forms of ET and exotropia to rectus muscle surgery has
been reported as the amount of angle correction per millimeter of recession or resection. The
data of Mojon28 indicates that horizontal rectus plication alters the horizontal angle by 1.76-
2.88 A/mm in ET and 2.42-2.84 A/mm in exotropia. In abducens palsy, data from Esser et
al?? indicate a 3.0-3.2 A/mm reduction in ET for LR resection. The current study of DPE is
quantitatively comparable, finding a 2.50 A/mm reduction in ET for both LR resection and
MR recession. It is important to reiterate that this surgical effect is smaller than the 5 A/mm
effect recommended for other types of ET by Parks et al (Table 2).1° The reason for the
greater required MR recession for correction of DPE than other forms of ET is unknown at
the present time but might be related to the sag of the MR pulley in older people who are
susceptible to connective tissue degeneration.22 However, this does not explain why DPE
responds in a quantitatively typical fashion to doses of LR resection recommended for ET
generally.

This report presents stringent criteria for clinically defining DPE based on a 17-year
retrospective study. It is proposed that the term DPE is a misnomer and is actually owing to
degenerative inferior sag of the LR muscle that converts some of its abducting to
infraducting force, perhaps in combination with LR elongation. The current data
demonstrate that recession of the more stable MR muscle, physiological antagonist of the
putatively sagging LR muscle, corrects ET at distance without inducing convergence
insufficiency at near in DPE. Moreover, MR recession is reversible and convenient for
intraoperative adjustment under topical anesthesia, and it is as effective as LR resection,
both in this series and elsewhere.>11 In DPE, where degeneration of the suspensory
ligaments of the LR pulley is the probable cause of LR sag,82022-24 it is arguably preferable
to avoid inducing further sag, and perhaps future recurrence of DPE, by operating on the
affected LR muscle.

Our study also specifically deals with the surgical management of DPE as a nonneurogenic
entity in which LR force generation is unimpaired. The pathogenesis is presumed to be of
the sagging eye syndrome, postulated as progressive, generalized orbital connective tissue
degeneration, usually age related, in the absence of neurologic disease.® Normal saccades
exclude LR weakness in most cases of DPE,® as was a required clinical criterion in all cases
in the current series. Analysis of extraocular muscles by high-resolution orbital magnetic
resonance imaging in sagging eye syndrome and heavy eye syndrome has suggested that
inferior LR pulley heterotopia is the cause of the inferior LR sag in DPE.8:17:22:30 5aqging
eye syndrome is probably the most common etiology of surgically correctable DPE. Serious
neurologic causes of DPE are associated with other neurologic manifestations, including
abducting saccade slowing, nystagmus, and associated cranial neuropathies.2~* Patients with
DPE due to connective tissue degeneration have good convergence amplitudes, thus
minimizing the risk of symptomatic postoperative exotropia at near.
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Based on our current experience with DPE, we emphasize the importance of surgical
success of preoperative assessment of the ET for distance, near, and lateral gazes, as well as
confirmation of the adequacy of convergence amplitudes for near. Based on the present data,
we recommend that the target angle for correction by MR recession be twice the distance ET
measurement in the most affected horizontal gaze direction (Table 2), and that for laterally
concomitant DPE, surgery be divided symmetrically between eyes to optimize comitance of
the result. When lateral incomitance exists preoperatively, differential recessions are
suggested to obtain the greatest lateral effect in the gaze direction contralateral to the
recessed MR.
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Figure.

Surgical dose-response effect for total binocular lateral rectus (LR) resection (left) or medial
rectus (MR) recession (right) in divergence paralysis esotropia. The black symbols and
linear regression fits indicate observed data for LR resection (squares) and MR recession
(triangles), while corresponding blue symbols and fits indicate recommended values from

surgical dose recommendations of Parks et al.1° Note that except for the published

recommendations for MR recession with a slope of 5.00 A/mm, the observed slopes for both
LR resection and MR recession and recommended LR resection are almost precisely half of

this value at about 2.50 A/mm. This means that the incremental surgical response of

divergence paralysis esotropia to MR recession is half that recommended by Parks et al for

esotropia (ET) generally.1® A indicates prism diopter.
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Table 2

Surgical Recommendation for MR Recession in DPE

Distance Esotropia, A MR Recession for Typical Esotropia, Mm@  Current Recommended Bilateral MR Recession for DPE, mm

7.5
10
15
20
25
30
35
40

3
35
4
4.5
5
55

3
35
4.5
55
6

Abbreviations: DPE, divergence paralysis esotropia; MR, medial rectus; A, prism diopter.

aRecommendation of Parks et al. 19
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