Identification and Correction of Restrictive ®

Strabismus After Pterygium Excision Surgery

Check for
updates

SALLY L. BAXTER, BRIAN J. NGUYEN, MICHAEL KINORI, DON O. KIKKAWA, SHIRA L. ROBBINS, AND
DAVID B. GRANET

e PURPOSE: To report the characteristics of patients with
restrictive diplopia following pterygium excision and a
successful treatment approach for the strabismus.

e DESIGN: Retrospective interventional case series.

e METHODS: This study was set in a single academic
institution and included 15 patients with restrictive
diplopia after pterygium excision. Patients with any other
reason for strabismus were excluded. Patients were eval-
uated for deficits with special attention to diplopic mea-
sures. The intervention was a combined procedure by a
strabismologist and oculoplastic surgeon to correct the
diplopia. The primary outcome measurements were sub-
jective and objective improvement of diplopia.

e RESULTS: Fifteen patients (mean age = 49 years) who
developed diplopia after pterygium excision were
included. Mean time to diplopia was 6 months. All pa-
tients had limited abduction in the previously operated
eye causing esotropia in the abductive field (mean devia-
tion = 18 prism diopters). After intervention, all patients
were no longer diplopic in primary gaze. In the abductive
field, 11 (73%) patients had residual small angle esotropia
(mean = 7 prism diopters) in ipsilateral extreme end-gaze
only. Only 2 patients required additional surgical inter-
vention for scar tissue removal. No patients underwent
medial rectus recession.

e CONCLUSIONS: Restrictive diplopia is a potential
complication after pterygium excision, particularly for
patients with a history of recurrent pterygia requiring
multiple excisions and previous amniotic membrane
graft placement with fibrin glue. However, diplopia after
pterygium excision in primary position is surgically
correctable with scar tissue removal and ocular surface
reconstruction, without needing medial rectus recession.
Given the high volume of pterygium excision, aware-
ness of postoperative restrictive strabismus and the

AJO.
Supplemental Material available at AJO.com.

Accepted for publication Feb 6, 2019.

From the Shiley Eye Institute and Viterbi Family Department of
Ophthalmology (S.L.B., BJ.N., MK, D.OK., SLR., D.B.G.) and the
Division of Plastic Surgery (D.O.K.), University of California San
Diego, La Jolla, CA, USA; and the Department of Ophthalmology, The
Goldschleger Eye Institute, Sheba Medical Center, Tel Aviv University,
Tel Aviv, Israel (M.K.).

Inquiries to: David B. Granet, Anne F. Ratner Professor of
Ophthalmology and Pediatrics, Shiley Eye Institute and Viterbi Family
Department of Ophthalmology, University of California San Diego,
9415 Campus Point Dr, La Jolla, CA 92093, USA; e-mail: dgranet@

ucsd.edu

6 PUBLISHED BY ELSEVIER INC.

potential for correction is critical. (Am J Ophthalmol
2019;202:6—14. Published by Elsevier Inc.)

TERYGIUM IS A SUPERFICIAL BENIGN FIBROVASCULAR

proliferation extending from the conjunctiva onto

the cornea. Pterygium excision is generally effective
in removing the growth and reducing associated symptoms,
such as ocular surface irritation and induced astigmatism.
The risks of surgery, final cosmetic result, and rates of recur-
rence are well-known, have been widely discussed in the
literature, and have led to the development of numerous
surgical techniques. Rates of recurrence are reportedly as
high as 80% for the bare sclera technique,' and therefore
adjunctive techniques, such as conjunctival autograft
(CAG) and amniotic membrane graft (AMG) placement
with or without fibrin glue, have become more widely used,
with reduced recurrence rates ranging from 2-40%.'

Restrictive strabismus and diplopia are uncommon after
pterygium surgery, and little is known about this complica-
tion, with only a few case reports in the literature.””’
In addition, no published reports have included cases
of strabismus after pterygium excision with AMG
placement, although it has become much more frequently
used as an adjunctive surgical technique with pterygium
excision in recent years. In addition to AMG placement,
several other adjunctive interventions have also been
used during pterygium excision, such as the use of fibrin
glue, the antineoplastic agents mitomycin C (MMC) and
5-fluorouracil (5-FU), as well as symblepharon rings. How
these adjunctive interventions affect the risk of restrictive
strabismus postoperatively is not well known.

The purpose of this study was to report the clinical char-
acteristics of patients with restrictive strabismus and
diplopia after pterygium excision surgery, as well as the
treatment modalities undertaken to resolve the strabismus.

METHODS

THIS WAS A RETROSPECTIVE CASE SERIES PERFORMED AT A
single academic medical center. Retrospective chart review
was performed on all patients between July 1, 2007 and
January 1, 2018 who were seen at the University of Califor-
nia San Diego (UCSD) Shiley Eye Institute and Viterbi
Family Department of Ophthalmology with a complaint
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of diplopia after having previous pterygium surgery,
whether at UCSD or at another institution. UCSD Institu-
tional Review Board (IRB) approval was obtained before
the study began and the study was granted a waiver of docu-
mented consent. The study was conducted in compliance
with the United States Health Insurance Portability and
Accountability Act and adhered to the tenets of the Decla-
ration of Helsinki.

The inclusion criteria for the study were complaints of
diplopia on presentation and a history of >1 pterygium
excision procedures before presentation of diplopia.
Patients were excluded from the study if they had any other
reason for strabismus or diplopia, such as a history of stra-
bismus, thyroid eye disease, myasthenia gravis, scleral
buckle, or cranial nerve palsy. Fifteen patients met these
eligibility criteria.

All subjects underwent a comprehensive ophthalmologic
examination, including visual acuity, stereopsis testing,
measurement of extraocular motility with assessment of
ductions, measurement of ocular alignment using prism
cover testing, slit lamp examination with specific attention
directed to conjunctival scarring and symblepharon forma-
tion, and examination for any other pathologic processes.

Surgery to remove scar tissue formation and improve the
diplopia was performed using a team approach, including a
strabismologist and an oculoplastic surgeon or a corneal
specialist. Forced duction testing was performed intraopera-
tively. A nasal limbal incision was performed in all cases.
Fibrous scar tissue was dissected posteriorly in order to relieve
the restriction. Muscle hooks were then used to isolate and
identify the medial rectus muscle to help strip the medial
rectus muscle of adhesions and to prevent it from being
damaged during dissection. With the medial rectus muscle
residing safely on the hook and secured, scar tissue was iden-
tified and pseudotendons were excised. The extent of dissec-
tion was based on the amount needed to free the forced
ductions to abduction and symblepharon. The medial rectus
was not recessed. In one patient, botulinum toxin was
injected to the medial rectus intraoperatively. The residual
exposed scleral bed was measured with calipers, and ocular
surface reconstruction was performed with a CAG, AMG,
or both a CAG and an AMG. Forced duction testing was
then repeated after all scar tissue was released and reconstruc-
tion completed to demonstrate that the restriction had been
fully released. All patients received injection of dexametha-
sone around the surgery site as well as Provisc (Kabi Pharma-
cia Ophthalmics, Monrovia, California, USA) around the
medial rectus muscle, with the rationale that a nonantigenic,
noninflammatory viscoelastic substance may help prevent
subsequent scar formation and restriction, similar to how
viscoelastic substances are used in strabismus surgery
involving adjustable sutures and in many medical scenarios
to decrease fibrosis. In 12 patients with severe forniceal short-
ening, a symblepharon ring was placed (FCI Ophthalmics,
Pembroke, Massachusetts, USA) which remained on the
eye for a period of 2-8 weeks. Eleven patients also received
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MMC intraoperatively or 5-FU injections intraoperatively.
Eight patients received postoperative injections of 5-FU. In
all patients, frequent use of steroid drops was recommended
along with a Medrol dose pack (Pharmacia, Stockholm,
Sweden). Summary statistics for all subject data were analyzed

using Excel (Microsoft, Redmond, Washington, USA).

RESULTS

FIFTEEN PATIENTS WERE IDENTIFIED WITH RESTRICTIVE
strabismus after previous pterygium surgery (Table 1).
The cohort was equally divided between women (n = 8,
53%) and men (n = 7,47%). The mean age at presentation
was 49 years (range 23-08 years). All patients had previ-
ously undergone >1 surgery for excision of a nasally located
pterygium. One-third of the patients had previous bilateral
pterygium excision, while two-thirds of the patients had
undergone multiple previous pterygium-related operations
in any given eye (eg, for recurrent pterygia). The median
number of previous pterygium-related surgeries per patient
was 2, and the median number of previous pterygium-
related surgeries per eye was 1.5. Seven (47%) patients
had previous AMG placement at the time of pterygium
excision, all affixed with fibrin glue. Two (13%) had
CAG placement with sutures at the time of pterygium exci-
sion. The graft type for the remaining 6 patients was
unknown, because they had undergone pterygium excision
at an outside institution before presentation and no opera-
tive records were available.

The mean time for onset of diplopia after the last pteryg-
ium surgery was 6 months (range 1-20 months). All patients
had moderate limitation of abduction in the previously
operated eye, as well as diplopia and esotropia in the abduc-
tive field of gaze, with an average deviation of 18 prism
diopters (PDs; range 10-35 PDs; Table 2). In primary
gaze, 6 (40%) patients had an esotropia (range 10-30
PDs) and 2 (13%) had an intermittent esotropia, while
the remaining were either esophoric or orthotropic. One pa-
tient (patient 6) had limitation of motility in all directions
in the affected right eye (—1 abduction, —2 adduction, —1
infraduction, and —1.5 supraduction). Not only did he have
esotropia on right gaze, but he also had exotropia on left
gaze. Intraoperative exploration in this patient revealed
exuberant scar formation surrounding multiple muscles,
consistent with the preoperative examination findings.

Eight (53%) patients also had a vertical deviation in
addition to the horizontal deviation, although in all cases
the vertical deviation was much smaller in magnitude
than the horizontal deviation. Three (20%) patients had
a small angle (2-3 PDs) vertical deviation of the involved
eye in primary gaze, with 2 being hypotropic and 1 being
hypertropic. Six (40%) patients had a manifest vertical
deviation in the abductive field of gaze, with an average
deviation of 4 PDs. Two-thirds of these patients were
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TABLE 1. Characteristics of Patients Presenting with Diplopia After Previous Pterygium Excision and Methods of Subsequent Repair of Diplopia

Case Number

1 2 3 4 5 6 7 8 9 107 11 12 13 14 15
Gender F M M M F M F F M M F F F M F
Age (y) 45 64 65 62 55 68 36 24 52 23 56 70 38 32 51
Total previous 308 20S 10D 10D 10D 20D 10D, 10S 30S 20D,10S10D,120D,10S 10S 30S40D40D,50S
pterygium oS
surgeries
Time to diplopia 14 2 2 2 1 2 4 7 12 1 6 11 3 20 1.5
(months)
Diplopia repair
Graft type AMG AMG (S), AMG (S, G), AMG (S), AMG (S), AMG (S), CAG (S), CAG(S) AMG (S,G), AMG (S), NA AMG(S), AMG (S), AMG AMG AMG (S),
(G) CAG(S) CAG (S) CAG (S) CAG(S) BMG (S) CAG (S) CAG (S) CAG(S) CAG(S) (5 (8 CAG((S)
Muscle surgery N N N N N Y (RSO Y (RLR N N N N N N N N
replacement)  resection)
Symblepharon Y Y Y N Y Y Y Y Y N Y Y Y Y Y

AMG = amniotic membrane graft; BMG = buccal mucosal graft; CAG = conjunctival autograft; F = female; G = glue; M = male; N = no; NA = not applicable; RLR = right lateral rectus; RSO = right
superior oblique; S = suture; Y = yes.

4Case 10 declined surgical repair and underwent bilateral botulinum toxin injection. The remaining patients underwent dissection of scar tissue and ocular surface reconstruction with placement
of AMG, CAG, or both AMG and CAG. A symblepharon ring was placed for all patients with symblepharon. No patients required medial rectus recession.
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TABLE 2. Preoperative and Postoperative Measurements for Patients Undergoing Repair of Diplopia After Previous Pterygium Excision®

Primary Position Right Gaze Left Gaze Upward Gaze Downward Gaze Reading Abductive Gaze Version (—4 to +4)
Case Affected
No. Eye Preop Postop Preop Postop Preop Postop Preop Postop Preop Postop Preop Postop Preop Postop Preop Postop
1 (O] E2 Unk Ortho Unk  ET14, RHT2 Unk Flick E Unk Flick E Unk Ortho Unk ET14, RHT2 Unk —1 (ab) OS —1 (ab) OS
2 0s ET10, RHT3 Ortho ET10, RHT3 Flick RH ET16, RHT8 ET6, RHT2 ET10, RHT5 Ortho ET10,RHT3 Ortho ET’8, RHT'4 Ortho ET16, RHT8 ET6, RHT2 —1 (ab) OS —1/2 (ab) OS
3 oD E(T)16,LHT2 Unk ET25,LHT8 Unk LHT2 Unk E(M)14,LHT2 Unk ET14 Unk E’2 Unk ET25, LHT8 Unk -2 (ab), —1/2 —1/2 (ab) OD
(sup) OD

4 oD Ortho Ortho ET10 E(T)2 Ortho XT6 Ortho Ortho Ortho Ortho X2 Ortho ET10 EM2 —1/2 (ab) OD —1 (ab) OD
5 oD Ortho Ortho ET16, LHT3 ET10 Ortho Ortho Ortho Ortho Ortho Ortho Ortho Ortho ET16, LHT3 ET10 —1 (ab) OD —1/2 (ab) OD
6 oD Ortho Ortho ET10,RHT2 ET2  XT18, RHT2 XT3 LHT5 Ortho RH3 Ortho RH’2 Flick X ET10, RHT2 ET2 —1(ab), =1 (inf), —1.5 —1/2 (sup), —1/2

(sup), —2 (ad) OD (ad) OD
7 oD ET25 E(M8 ET30 E(T)10 ET30 E(M8 ET25 E(M8 ET25 E(M8 ET’20 E(T)'20 ET30 E(T)10 —1/2 (ab) OD Full OU
8 oS E2 Ortho E1 Ortho ET10 E(M4 E3 Ortho E2 Ortho E’2 Ortho ET10 EM4 —1/2 (ab) OS —1/2 (ab) OS
9 oD ET10, Ortho ET18,RHT2 Ortho ET16 Ortho ET18, Unk ET18,RHT3 Unk ET'12,RHT'3 Unk ET18, RHT2 Ortho —1/2 (ab) OD Full OU

RHT2 RHT2
10 ou ET25-30 E(T)16 ET25 E(M14  ET30-35 E(T) 16 ET30 E(M14 ET25 E(T)16 E(T)25 E(Ty25 ET250D, E(T)14 OD, —1/2 (ab) OU Full OU
ET30-35 E(T)16 OS
0s
11 oD E(M8 ET2 ET20-25 ET10 E(M6 ET2 E(M8 ET2 E(M6 ET2 E(T)2 Ortho  ET20-25 ET10 —1 (ab) OD —1/2 (ab) OD
12 oS Ortho Ortho Ortho Ortho ET6 Ortho Ortho Ortho Ortho Ortho Ortho Ortho ET6 Ortho —1/2 (ab) OS Full OU
13 0s Ortho Unk Ortho Unk ET16 Unk ET6, Unk E2 Unk E’2 Unk ET16 Unk —1/2 (ab) OS Full OU
RHT2
14 oD ET25 Ortho ET25 ET7 ET14 Ortho ET25 Ortho ET20 Ortho ET'16 Ortho ET25 ET7 —1 (ab) OD —1/2 (ab) OD
15 oD ET14 Unk ET12 Unk ET2 Unk ET14 Unk ET14 Unk ET2 Unk ET12 Unk —1/2 (ab) OD, —1/2 Full OD, —1/2
(ab) OS (ab) OS

ab = abduction; ad = adduction; E = esophoria; E(T) = intermittent esotropia; ET = esotropia; inf = infraduction; LHT = left hypertropia; OD = oculus dexter (right eye); ortho = orthotropic;
OS = oculus sinister (left eye); OU = oculus uterque (both eyes); postop = postoperative; preop = preoperative; RHT = right hypertropia; sup = supraduction; unk = unknown; X = exophoria;
XT = exotropia.

?Repair of diplopia was achieved with scar tissue dissection by a strabismologist and ocular surface reconstruction by an oculoplastic surgeon.
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FIGURE. An illustrative example of a patient with diplopia after prior pterygium excision who subsequently underwent operative
correction. Preoperative (Left) and postoperative (Right) images of patient 2 in (Top to Bottom): primary gaze, up gaze, left gaze,
down gaze, and right gaze. The restriction caused by the scar tissue was much improved after surgical intervention to dissect and
release the scar tissue followed by ocular surface reconstruction with conjunctival autograft, amniotic membrane graft, and symble-
pharon ring placement. This resulted in a reduction in both horizontal and vertical deviations. Postoperative images and measure-

ments shown are 14 months after surgical correction.

hypotropic in abduction, and the remainder were hyper-
tropic in abduction (Table 2).

One patient declined surgical intervention and instead
underwent botulinum toxin injection to the medial rectus
bilaterally, which resolved the diplopia. All remaining
patients required surgical correction. These patients were
found to have positive restriction in abduction in the eye
with previous nasal pterygium excision during intraoperative
forced ductions testing. Symblepharon formation was pre-
sent during intraoperative exploration in 13 (87%) eyes.
Extensive dissection of scar tissue was performed until forced
ductions revealed resolution of restriction. No medial recti
were found to have been disinserted. There were no abnor-
malities in the anatomic position of all extraocular muscles
except in 1 case with particularly exuberant scarring, in
which the superior oblique was noted to have been displaced
anteriorly without evidence of previous eye muscle surgery.

10 AMERICAN JOURNAL OF OPHTHALMOLOGY

For that case, the superior oblique was replaced back into
its original position. One patient underwent a lateral rectus
resection in the affected eye to help address the esotropia.
No patient underwent medial rectus recession.

For patients who underwent surgical intervention, all
patients underwent ocular surface reconstruction after sur-
gical removal of scar tissue. The defect varied in size from
25-50% of the bulbar surface. For reconstruction, a combi-
nation of AMG and CAG were used on 10 (67%) patients
and secured with sutures, CAG alone was used on 1 patient,
and AMG alone was used on 3 (20%) patients. One patient
required a buccal mucosal graft in addition to CAG and
AMG for forniceal reconstruction. After reconstruction,
forced duction testing was repeated to demonstrate that
the restriction had been fully released. MMC was adminis-
tered intraoperatively in 2 (13%) patients, while 5-FU was
injected either intraoperatively or on follow-up in 10
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(67%) patients (range 1-6 injections). A symblepharon
ring was placed at the time of surgery in 12 (80%) patients
with severe forniceal shortening and presence of symble-
pharon formation and remained in place for an average
of 3.8 weeks postoperatively (range 2—-8 weeks).

The average postoperative follow-up time was 24 months
(range 2 weeks to 96 months). All patients noted subjective
improvement in diplopia after surgical removal of scar tissue
and ocular surface reconstruction. Postoperatively, no
-patients endorsed diplopia in primary position, and all pa-
tients endorsed either resolution or substantial improvement
in diplopia in the abductive field of gaze of the affected eye. A
representative montage of a patient who underwent surgical
correction is shown in Figure. Eleven (73%) patients
endorsed persistent subjective diplopia only at the extreme
end of the abductive field of gaze. On objective examination,
10 (67%) patients were noted to have a small deficit noted on
versions postoperatively (Table 2). None of the patients
demonstrated new-onset limitation in adduction after scar
tissue removal and ocular surface reconstruction. With alter-
nate prism cover testing in the abductive field, 5 patients
(33%) had residual small angle esotropia (average 7 PDs
[range 2-10 PDs]), while 7 (47%) had only intermittent
esotropia (average 9 PDs [range 2-16 PDs]). During the
follow-up period, only 2 patients required additional surgical
intervention for scar tissue removal. Both of these patients
were orthotropic in primary gaze after the initial correction,
but experienced residual esotropia in the abductive field
requiring further dissection and ocular surface reconstruc-
tion. One of these patients had recurrence of scar tissue
and fibrosis in the nasal conjunctiva 7 months after the initial
correction. The other patient underwent scar tissue dissec-
tion and ocular surface reconstruction in both eyes initially
but needed additional operative interventions in the left
eye 4.5 years later due because of recurrent restriction. Of
note, both patients had undergone multiple pterygium exci-
sion surgeries in the eye needing reoperation (2 and 5
surgeries, respectively).

DISCUSSION

IN THIS STUDY, WE DESCRIBE A COHORT OF 15 PATIENTS
who had undergone pterygium excision and subsequently
developed restrictive strabismus because of ocular surface
scarring. All patients had an esotropia after excision of
nasal pterygium causing diplopia in the abductive field,
with a mean onset about 6 months after excision.

Two patterns of misalignment following pterygium exci-
sion have been described. The first is a relatively rapid onset
exotropia caused by trauma to the medial rectus muscle dur-
ing the pterygium excision with ensuing disinsertion.”* The
other is a more delayed onset restrictive esotropia resulting
from scar tissue formation of the muscle, surrounding
conjunctiva, and connective tissue. It results in restricted
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motility and limited abduction, diplopia particularly in the
abductive field of gaze, and symblepharon formation and
cicatricial damage to the fornix.””° Whether adjunctive
techniques such as CAG or AMG at the time of pterygium
excision influences the incidence and/or severity of
scarring and subsequent strabismus is currently unknown.

More than half of the patients in this series had undergone
multiple previous pterygium-related operations in the
affected eye before presentation, suggesting that recurrence
of pterygia may be a risk factor for developing restrictive stra-
bismus postoperatively. The development of restrictive stra-
bismus could be related to the connective tissue trauma and/
or inflammation incited by multiple operations. In addition,
some authors have proposed that these patients may have an
underlying predisposition to inflammatory cytokines that
caused them to develop the recurrent pterygia in the first
place.” This was supported by our finding that the 2 patients
who returned for further surgical repair of their diplopia both
had a history of multiple previous pterygium recurrences.

More than half of the patients also had previous AMG
placement at the time of pterygium excision. AMG is
now a common adjunctive technique used during pteryg-
ium excision, yet no previous reports have included
patients who had received AMGs and went on to develop
restrictive strabismus. On surgical evaluation, several of the
patients had massive scarring involving >1 muscle and
symblepharon formation. AMG is the innermost layer of
the placenta and is thought to dampen the inflammatory
response, so its association with increased scarring may
seem counterintuitive. However, one hypothesis is that
fibrin glue, which is commonly used to affix the AMG to
the surgical bed, may incite additional inflammation,
causing a cicatricial response as opposed to the membrane
itself. This hypothesis was explored by Zloto and associates’
when comparing Vicryl sutures (Ethicon, Somerville, New
Jersey, USA) with Tisseel fibrin glue (Baxter Corp, Deer-
field, Illinois, USA) and Evicel fibrin glue (Omrix Bio-
pharmaceuticals Ltd, Ramat-Gan, Israel). Tisseel fibrin
glue was comparable with Vicryl sutures in terms of pteryg-
ium excision postoperative outcomes, such as recurrence.
However, Tisseel fibrin glue performed better than Evicel
fibrin glue, thereby suggesting possible outcome variability
within the type of fibrin glue application.” Our patients had
previous pterygium surgeries, with some of them undergo-
ing multiple pterygium excisions, and this may have led
to fibrin glue diffusion into the sub-Tenon’s space and
the rectus muscles, perhaps triggering a different and
more exuberant fibrotic response.

During the surgical treatment of diplopia in our series,
AMG was used (either alone or in combination with
CAGQG) for nearly all patients, but grafts were secured with
sutures as opposed to glue. Despite an average follow-up
time of 24 months (quadruple the length of time to the
initial onset of diplopia after pterygium excision), only 2
patients required another surgical intervention. This sug-
gests that securing AMG with sutures rather than glue
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may potentially be less inflammatory. However, a direct
comparison between sutures and fibrin glue was not possible
from this retrospective study because other adjunctive mea-
sures were also used with potential anti-inflammatory
effects (eg, MMC, 5-FU, or steroids). To isolate the effect
of AMG affixation with sutures vs glue, prospective studies
using standardized treatment protocols would be needed.
This represents a potential area for future investigation.

Interestingly, in addition to esotropia, more than half of
the patients in this cohort had a vertical deviation in the
abductive field of gaze, which has not been previously
reported. This may reflect the degree of the scarring, with
extension in the vertical orientation. This was confirmed
by intraoperative exploration and dissection in several
cases where bands of fibrosis were noted over the vertical
recti. Similarly, symblepharon formation in the inferior
fornix was present in >80% of this cohort, which may
have also contributed to vertical misalignment. One
possible explanation for the tendency for the inferior fornix
to be affected may be a gravitational component of down-
ward settling of fibrin glue over time.

Patients in our series needed both exploration and
dissection of scar tissue from the surface of the extraoc-
ular muscles in addition to ocular surface reconstruction.
Release of the scar tissue and ocular surface reconstruc-
tion alone was sufficient to substantially improve the
strabismus for these patients. More than half (8/15,
53%) of the patients endorsed diplopia in primary posi-
tion preoperatively. Postoperatively, none of the patients
had diplopia in primary position. On presentation, all
patients had diplopia in the abductive field of gaze,
and postoperatively, they endorsed either resolution (4/
15, 27%) or substantial improvement of this diplopia
(11/15, 73%), although they did have some persistent
residual diplopia on extreme end-gaze. These improve-
ments were achieved without medial rectus recession.
This implies that the mechanism for the strabismus is
the scarring in the surrounding conjunctival/connective
tissue, not contracture within the extraocular muscles
themselves. To illustrate, the patient who underwent
botulinum toxin injections to the bilateral medial rectus
muscles had an esotropia of 25 PDs in right gaze and
30-35 PDs in left gaze, which improved to an intermit-
tent esotropia of 14 PDs in right gaze and 16 PDs in
left gaze after the procedure. While this improvement
was satisfactory to the patient, it was not as complete
an improvement as observed in the patients who under-
went surgery to definitively remove all of the scar tissue
surrounding the muscles. These patients postoperatively
had much smaller deviations—all were <10 PDs, and
most were in the range of 2—4 PDs.

Although all patients noted subjective improvement in
diplopia, the majority (11/15, 73%) did endorse persistent
residual diplopia in abduction on extreme end-gaze after
surgery. In general, this residual diplopia did not impact
their daily activities, and they were happy with the postop-
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erative results. Even for the 2 patients who went on to have
further surgical intervention, they had experienced
improvement and a period of recovery after the initial
repair and only underwent further surgery after a recurrence
of restriction (at 7 months for 1 patient and 4.5 years for the
other). This finding is important for counseling patients
preoperatively. Patients should be informed that even
with substantial reduction in diplopia, full resolution may
not occur, and that some residual diplopia (especially in
extreme end-gaze) is likely even after surgical repair. In
addition, they should be informed that recurrence of signif-
icant restriction requiring further surgery, although
unlikely, is possible. Patients with multiple previous pteryg-
ium excisions, those with more severe restrictive strabismus
on presentation, or with exuberant scarring noted during
the initial repair may be at higher risk of persistent diplopia
and/or recurrence. Long-term monitoring of these patients
may be warranted as a result.

Ocular surface reconstruction was performed using
CAG, AMG, or a combination of the two based on surgeon
preference, but there was no discernible difference in ulti-
mate outcome related to type of graft that was used. The
successful use of CAG and AMG in the treatment of
restrictive strabismus after pterygium excision has been
supported by other studies. Lee and associates'” successfully
used a conjunctival miniflap operation, essentially an adja-
cent CAG, to repair a series of patients with restrictive
strabismus, including 2 with history of pterygium excision.
Strube and associates'' used AMG to prevent recurrence of
conjunctival scarring in a series of patients, including 1 pa-
tient with a history of pterygium excision, and similarly
Solomon and associates” used AMG for forniceal recon-
struction after treatment of symblepharon in 2 eyes after
pterygium excision. In addition, Laria and associates’
used AMG as well as subconjunctival and topical cortico-
steroids to prevent the recurrence of diplopic restrictive
strabismus in a series of patients with conjunctival lesions
including recurrent pterygium surgery.

Antineoplastic agents, including intraoperative MMC
and intraoperative and/or postoperative 5-FU injections,
were used to reduce scar formation in the follow-up period.
The use of antineoplastic agents was determined based on
surgeon preference and were typically given for patients
with greater magnitude of esotropia and/or motility deficits
on presentation, or if exuberant scar formation was noted
during intraoperative exploration. The use of MMC, an
intercalating agent, has been established to reduce pteryg-
ium recurrence rates after excision."” MMC has further
been reported to reduce postoperative adhesions and
fibrosis after strabismus surgery.'” Similarly, 5-FU, the
pyrimidine antimetabolite used in this case series, has
been reported as an effective chemoadjuvant in reducing
pterygium recurrence after excision in vivo'" and in
preventing postoperative adhesions and fibrosis after stra-
bismus surgery in rabbit models."”!® However,
antineoplastic agents also carry a risk of potential adverse
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effects. MMC has been reported to be associated with
corneal epithelial toxicity, limbal stem cell deficiency,
corneal perforation, cataract, secondary glaucoma, and
scleral thinning, ectasia, and necrosis.' >’ The effects on
the sclera are particularly concerning because they may
complicate subsequent revision surgery. 5-FU, which is
commonly used for glaucoma filtering surgeries, has been
associated with corneal epitheliopathy and ulceration and
more rarely with choroidal detachment, retinal detach-
ment, hypotony maculopathy, and cataract.”*’ These
potential adverse effects must also be taken into
consideration when deciding whether to use these agents.

Limitations of this study include its retrospective nature
and small sample size. However, this may be related to the
low incidence of strabismus after pterygium excision,””
which makes it difficult to generate a large sample and
limits the ability to conduct a well-powered prospective
study. In addition, while this group of patients underwent
the same general approach to treatment, a strict standard-
ized protocol was not used, allowing flexibility for the treat-
ing physician to exercise his or her clinical judgment.
Although variability in the surgical protocols may have
decreased the standardization of results, it allowed more
customization to real clinical practice. While the exact
adjunctive interventions (eg, the use of symblepharon rings
and/or antineoplastic agents) may have varied slightly be-
tween the patients in this series, all experienced substantial
improvement in diplopia without medial rectus recession.
Another limitation is the subjective recall of previous
surgery in patients without records from outside our institu-
tion. This may have affected the estimation of time to
developing diplopia and some possible missing data
regarding previous surgery. Four patients followed up
primarily with the oculoplastics service, and their postoper-
ative results were based on subjective report of improved

diplopia and on versions rather than alternate prism cover
testing, which limited our ability to precisely quantify the
change in magnitude of esotropia for these patients.
Diplopia fields may have also enhanced the ability to quan-
tify patients’ diplopia. These were limitations of a retro-
spective case series compared with a prospective study
with standardized follow-up protocols. In addition, 1 of
the patients had only 2 weeks of follow-up. Even at that
early timepoint, she endorsed full resolution of diplopia
even in abductive gaze, but it would be difficult to ascertain
what her long-term outcome would have been without
additional follow-up. However, most of the patients had
substantial follow-up periods, with almost half (7/15,
47%) followed for >1 year, and one-third (5/15, 33%)
followed for >3 years postoperatively.

In summary, diplopia caused by restrictive strabismus is a
potential complication after pterygium excision, particu-
larly for patients with a history of recurrent pterygium
requiring multiple excisions and previous AMG placement
with fibrin glue. Given the frequency of pterygium excision
procedures and the increasing placement of AMG with
glue, awareness of postoperative restrictive strabismus and
correction potential is critical. Scarring in the conjunctiva
and adjacent connective tissue can be extensive and lead to
horizontal and vertical deviations, but extensive scar tissue
removal and ocular surface reconstruction can resolve the
restriction without necessitating intervention on the extra-
ocular muscles themselves. However, patients should be
made aware that residual diplopia in extreme gaze is
possible even after a successful procedure. Possible preven-
tion of this form of strabismus may include alternatives to
graft adhesives especially in patients who have a history
of aggressive scarring, and/or limitation of the original
dissection when fibrin glue is involved; however, confirma-
tory studies would be needed to discern this further.
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