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Objective: To assess the outcomes and safety of current surgical options and adjuvants in the treatment of
primary and recurrent pterygium.

Methods: Literature searches of the PubMed and the Cochrane Library databases were last conducted in
January 2011 using keywords and were restricted to randomized controlled trials reporting on surgical interven-
tion for pterygium. The searches were limited to articles published in English and yielded 120 citations. Citation
abstracts, and if necessary the full text, were reviewed to identify randomized controlled trials that reported
recurrence as an outcome measure and had a mean follow-up of at least 6 months. Fifty-one studies comparing
bare sclera excision, conjunctival or limbal autograft, intraoperative mitomycin C, postoperative mitomycin C,
and amniotic membrane transplantation for primary and recurrent pterygia fit these inclusion criteria.

Results: Four studies demonstrated that the conjunctival or limbal autograft procedure is more efficacious
than amniotic membrane placement. Use of conjunctival or limbal autografts or mitomycin C during or after
pterygium excision reduced recurrence compared with bare sclera excision alone in most studies of primary or
recurrent pterygium. The outcomes of conjunctival or limbal autograft were similar to outcomes for intraoperative
mitomycin C in the few studies that directly compared the 2 techniques. There is evidence that increased
concentration and duration of exposure to intraoperative mitomycin C is associated with increased efficacy. Of
the adjuvants studied, only mitomycin C was associated with vision-threatening complications, including scleral
thinning, ulceration, and delayed conjunctival epithelialization; there is some evidence of increasing complica-
tions with increased concentration and duration of exposure. There is conflicting evidence as to whether
increasing age is protective against recurrence, but the morphologic features of the pterygium were shown to
affect the recurrence rate.

Conclusions: Evidence indicates that bare sclera excision of pterygium results in a significantly higher
recurrence rate than excision accompanied by use of certain adjuvants. Conjunctival or limbal autograft was
superior to amniotic membrane graft surgery in reducing the rate of pterygium recurrence. Among other
adjuvants, there is evidence that mitomycin C and conjunctival or limbal autografts reduce the recurrence rate
after surgical excision of a pterygium. Furthermore, the data indicate that using a combination of conjunctival or
limbal autograft with mitomycin C further reduces the recurrence rate after pterygium excision compared with
conjunctival or limbal autograft or mitomycin C alone. Additional studies are necessary to determine the
long-term effects, optimal route of administration, and dose and duration of treatment for mitomycin C. Factors
such as availability of resources, primary or recurrent status of pterygium, age of patient, and surgeon or patient
preference may influence the surgeon’s choice of adjuvant because there are insufficient data to recommend a
specific adjuvant as superior.

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references.
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The American Academy of Ophthalmology prepares Oph-
thalmic Technology Assessments to evaluate new and ex-
isting procedures, drugs, and diagnostic and screening tests.
The goal of an Ophthalmic Technology Assessment is to

review systematically the peer-reviewed literature for clin- o
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cal efficacy and safety. After review by members of the
phthalmic Technology Assessment Committee, other Acad-

my committees, relevant subspecialty societies, and legal
ounsel, assessments are submitted to the Academy’s Board
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f Trustees for consideration as official Academy state-
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Ophthalmology Volume 120, Number 1, January 2013
ments. The purpose of this assessment is to evaluate results
from randomized controlled trials published in the English
language literature about the outcomes and safety of current
surgical options and adjuvants in the treatment of primary
and recurrent pterygium.

Background

A pterygium is a wing-shaped fibrovascular conjunctival
growth extending onto the cornea that was described as
early as 1000 BC by Susruta, the first recorded ophthalmic
surgeon.1 Throughout the centuries, medical treatment for
pterygium made use of relatively benign agents such as bile
and urine and more toxic agents such as lead acid, mercuric
lanolin, radiotherapy, thiotepa, 5-fluorouracil, and, more
recently, mitomycin C in a search for a safe and effective
therapy. Surgical therapies in the past made use of materials
such as thread or horse hair, which were used as a Gigli saw
to remove the pterygium,2 and, more recently, conjunctival
or limbal autografts and amniotic membrane transplants.
Surgical approaches to pterygium are described in the re-
view by Hirst,2 including the bare sclera technique that has
been the basic model for pterygium surgery. In bare sclera
excision, the pterygium is excised from the cornea, conjunc-
tiva, and underlying Tenon’s tissue, leaving bare sclera
exposed.3 With recurrence rates after surgical excision
reaching as high as 88% in certain populations,4 the goal of
using the various combinations of surgical options and
adjuvants is to remove the pterygium and to prevent recur-
rence. The presence of a pterygium is “disturbing to both the
patient because of its unsightly appearance and the surgeon
because of its tendency to recur.”5

Regulatory Considerations

The administration of mitomycin C in pterygium surgery is
considered an off-label use by the Food and Drug Admin-
istration (FDA). Because mitomycin C is classified as a
group 2B carcinogen (possible for human) by the Interna-
tional Agency for Research on Cancer, waste (including
tissues or other items that come into contact with the chem-
ical) must be disposed of in accordance with federal, state,
and local environmental control regulations.

Cryoprotected and then fresh-frozen amniotic mem-
brane—as used in 2 randomized clinical trials reviewed for
this assessment6,7—has FDA approval for wound repair, for
healing, and as a covering. In 2 additional studies, the
amniotic membrane was prepared on site from fresh sam-
ples that were stored in tissue culture media.8,9 A dry-stored
amniotic membrane has FDA approval for use as a human
tissue graft in ophthalmic applications, but no controlled
comparison studies were available at the time of the litera-
ture search.

Tissue adhesives such as medical-grade fibrin tissue ad-
hesive have FDA approval in other fields of medicine;
however, fibrin tissue adhesive in ophthalmic applications is

considered off-label use by the FDA. r

202
esource Requirements

terygium surgery can be performed in a minor procedure
oom using only local anesthesia, depending on the comfort
f the patient and surgeon and the complexity of the case.
ases performed in an operating room because of surgical
omplexity and surgeon or patient preference may require a
reoperative physical examination; laboratory testing; top-
cal, regional, or general anesthesia; and monitored anes-
hesia care. Mitomycin C requires compounding by a
harmacist under sterile conditions and special handling.
mniotic membrane must be procured in advance of the

urgery, and fresh-frozen amniotic membrane requires
torage in a freezer or refrigerator.

Operating room time and surgeon’s time are factors that
ay determine which procedure a surgeon will select for a

articular patient. Duration of the procedure varies widely
ith the skill of the surgeon, complexity of the procedure

hosen, patient cooperation, and anesthesia requirements.
are sclera excision with no adjuvant therapy treatment

ikely can be performed in fewer than 30 minutes. Use of
ntraoperative mitomycin C adds 5 to 10 minutes to the
urgical procedure compared with approximately 20 addi-
ional minutes needed to suture a conjunctival or limbal
utograft or amniotic membrane transplant. The use of
issue adhesives may shorten this time. In addition, 20
inutes generally is required to harvest the graft if conjunc-

iva is used. The longer and more complex the procedure,
he more likely the surgeon is to require anesthesia support,
hereby further increasing the length of the procedure and
esources required. The literature reports that procedures
sing conjunctival or limbal autografts require approxi-
ately 1.5 hours.10

uestions for Assessment

he goal of this assessment was to address the following
uestions:

1. What are the recurrence rates of different surgical
options and adjuvants for treating primary and re-
current pterygium?

2. Which surgical options and adjuvants are safest for
treating primary and recurrent pterygium?

escription of Evidence

iterature searches were conducted in October 2004, Octo-
er 2008, and January 2011 in PubMed and in the Cochrane
ibrary without date restrictions. The MeSH term ptery-
ium was used as well as truncated text word search terms
terygi and pterigi. In the PubMed search, the Cochrane
ighly sensitive search strategy for identifying controlled
linical trials was used in combination with the other search
erms,11 yielding 120 unique citations. Abstracts for these
itations were reviewed for inclusion by the lead author
S.C.K.) using the following criteria: randomized controlled
rial involving participants of any age with primary or
www.manaraa.com

ecurrent pterygia who underwent bare sclera excision, am-
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niotic membrane transplantation, conjunctival autograft,
limbal autograft, intraoperative or postoperative mitomycin
C, or a combination thereof as interventions. Beta irradia-
tion, used mainly in Australia,12 was excluded from review.
Reports with mean follow-up of fewer than 6 months were
excluded from the analysis to avoid underestimation of
recurrence rates.

When it was not possible to determine whether a study
met inclusion criteria from the abstract, the full text of the
article was obtained and reviewed. Articles that were not in
English were excluded from consideration. Of the 120 ci-
tations retrieved, 51 studies3,4,6–10,13–56 were determined to
meet the inclusion criteria. Studies were characterized as to
whether they included only subjects with primary ptery-
gium, only subjects with recurrent pterygium, or both.
These groupings are presented in Table 1A–C (available at
http://aaojournal.org). The tables include tabulation of the
intervention for each arm of trial, number in each arm, mean
follow-up with the range in months, definition of recur-
rence, recurrence rate for each arm, and statistical signifi-
cance of the difference in recurrence rate between arms if
reported. Study populations and subpopulations also were
characterized and grouped so that studies comparing the
same 2 arms could be compared regardless of whether
participants had primary pterygium, recurrent pterygium, or
a mixture. These groupings are presented in Tables 2
through 7 (available at http://aaojournal.org). Table 8 (avail-
able at http://aaojournal.org) presents the rates of vision-
threatening complications with tabulation of surgical option
or adjuvant, complication, and rate of complication.

Seventeen trials4,13–28 examined the efficacy of bare
sclera excision; in some of these trials, the free conjunctival
edge was sutured to the underlying sclera. Fourteen trials
included the adjuvant of a conjunctival or limbal autograft
that was sutured over the bare sclera after pterygium exci-
sion.4,6,10,20,22,26,29–34,39,40 A translational autograft taken
from superior conjunctiva41 and placed over the exposed
sclera was the most common type of autograft used in these
trials. A bridge20 or sliding30 graft of superior conjunctiva
pulled over to cover exposed sclera was used in two trials,
and a rotational graft (in which the conjunctival portion of
the pterygium is excised, rotated 180 degrees, and sutured to
the sclera) was used in another trial.31 Two studies included
limbal stem cells with the conjunctival or limbal au-
tograft,10,29 referred to herein as limbal autograft. Six trials
using fibrin tissue adhesive to secure the graft have been
published.42–47

Twenty-one trials used mitomycin C of different
concentrations applied during surgery for various
amounts of time to the bare sclera after pterygium excis-
ion.10,14 –17,21,24,25,27,28,30,33–37,48 –51,56 Thirteen trials ex-
amined the efficacy of mitomycin C drops of different
concentrations applied after surgery to the eye, using
various dosing schedules.4,13,17–19,23,30,33,35–38,48

Two trials compared cryopreserved amniotic membrane
grafts, sutured to the exposed sclera, with the bare sclera
technique during the removal of the pterygium.6,7 Two
additional studies compared the use of nonfrozen amniotic
membrane to cover the region of bare sclera with conjunc-

tival or limbal autograft coverage of the bare sclera.8,9 None r
f the trials specified the use of freeze-dried amniotic mem-
rane. Two studies compared the use of a nonspecific type
f amniotic membrane with the use of conjunctival or
imbal autografts during pterygium excision surgery.40,49

Wide variation in protocols prohibits the direct compar-
son of results from the various randomized trials. Studies
aried with respect to populations evaluated, classification
f pterygium, the indication for surgery, excision of the
ntire pterygium or partial excision, the definition of
ecurrence, and postoperative care. Furthermore, surgical
echnique was not entirely standardized for a given op-
ion or adjunctive treatment. Many studies using mito-
ycin C during surgery did not use a sham agent for the

ontrol.13,15,17–19,21,23,24,26 –28,49,51,52,56 Only a limited
umber of studies reported that observers were masked to the
reatment option.4,14,16,24,25 Eight studies reported results for
rimary and recurrent pterygia together.15–17,21,22,35,37,38 The
election criterion of a mean follow-up of at least 6 months
llowed for studies to have variable follow-up intervals. Ide-
lly, Kaplan-Meier survival analysis would be used to address
ore appropriately variable follow-up, but the data as pre-

ented do not permit such an analysis. Another limitation was
hat concealment of treatment allocation was inadequate or was
ot used in many studies, which increases the risk of selection
ias.

ublished Results

arious modifications to the surgical technique of bare
clera excision and adjuvants have been studied, including
ranslational conjunctival or limbal autograft and use of
itomycin C. More recent methods also have been exam-

ned, including comparing autograft with mitomycin C,
omparing amnion graft with autograft, as well as these
ethods combined with mitomycin C.

ranslational Conjunctival or Limbal Autograft
ompared with Bare Sclera Excision

terygium recurrence rates after translational conjunctival
r limbal autograft were compared with the rates for bare
clera excision in 5 randomized controlled clinical trials
Table 2).4,20,22,26,39,40 Five studies reported statistically
ignificant reductions in recurrence rates for primary ptery-
ium using conjunctival or limbal autograft when compared
ith bare sclera excision,4,20,26,39,40 and 2 studies found a

tatistically significant reduction in recurrence for partici-
ants undergoing surgery for recurrent pterygium as well.
nother trial of mixed primary and recurrent pterygia did
ot find a statistically significant difference in recurrence
etween the 2 techniques (P�0.10),22 although there was a
rend toward lower recurrence in the autograft group. The
ata from these studies indicate that translational conjunc-
ival or limbal autograft reduces pterygium recurrence com-
ared with bare sclera excision for both primary and recur-
www.manaraa.com

ent pterygia.
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Intraoperative Mitomycin C Compared with Bare
Sclera Excision

Seven studies14,15,21,25,27,28,48 compared intraoperative mi-
tomycin C with bare sclera excision (Table 3). Four ran-
domized trials14,25,28,48 of primary pterygium reported that
all concentrations of intraoperative mitomycin C, from
0.002% to 0.04% administered for 3 to 5 minutes, signifi-
cantly (all P�0.045) reduced pterygium recurrence com-
pared with bare sclera excision. Another randomized trial21

demonstrated reduction of recurrence in a range of expo-
sures of mitomycin C of 0.02% to 0.04% administered for 3
to 5 minutes.

Two studies reported recurrence rates after surgery for
recurrent pterygium.21,27 Statistically significant reduction
in recurrence using intraoperative mitomycin C 0.02% for 4
to 5 minutes was demonstrated compared with bare sclera
excision.27 This is corroborated in the other study in which
3 minutes of exposure to 0.02% mitomycin C reduced
recurrence less in patients with recurrent pterygium com-
pared with longer durations of exposure.21 Another study
reported a statistically significant reduction in the recur-
rence rate for primary and recurrent pterygia combined
using intraoperative mitomycin C 0.02% applied for 3 min-
utes compared with bare sclera excision (P � 0.03).15

The study by Lam et al21 was the only trial in this
assessment that studied the use of intraoperative mitomycin
C at varying concentrations and durations (0.02% and
0.04% applied for 3 or 5 minutes); in other studies, this
seemed to have the greatest therapeutic benefit15,27,28 for
treating both primary and recurrent pterygia. All concentra-
tions and durations of mitomycin C reduced pterygium
recurrence compared with bare sclera excision. The study
had several limitations: there were a limited number of
patients in the recurrent pterygium treatment group, the
authors did not separate the results for primary and recurrent
cases, and they did not compare recurrence rates between
treatment groups.

These studies comparing the use of intraoperative mito-
mycin C with bare sclera excision indicate that intraopera-
tive mitomycin C reduces pterygium recurrence for pri-
mary pterygia. The most commonly used concentration
of mitomycin C was 0.02% (0.2 mg/ml), and the most
common duration of treatment was 3 minutes. Further
studies are needed to determine the optimal concentration
and exposure time and whether the mitomycin C should
be applied to the bare sclera, Tenon’s membrane, or the
underside of the conjunctiva.

Postoperative Mitomycin C Compared with Bare
Sclera Excision

Three studies4,13,23 compared recurrence rates with the use
of postoperative topical mitomycin C with bare sclera ex-
cision (Table 4). In 2 studies, postoperative mitomycin C
(0.02% twice daily for 5 days) after primary pterygium
excision reduced recurrence compared with bare sclera ex-
cision.4,13 A higher concentration of mitomycin C (0.04% 3
or 4 times daily for 7 days or more) resulted in a reduced

proportion showing recurrence (P � 0.005) compared with (

204
are sclera excision.13 One study of primary pterygium
eported no recurrence using postoperative mitomycin C
.04% 4 times daily for 2 weeks.23 Data from all 3 studies
ndicate that the use of postoperative mitomycin C reduces
terygium recurrence compared with bare sclera excision
or primary pterygia.

ntraoperative Mitomycin C Compared with
ostoperative Mitomycin C

ix randomized controlled clinical trials30,33,35–37,50 com-
ared recurrence rates using various protocols that incorpo-
ated intraoperative or postoperative mitomycin C of differ-
nt durations (Table 5). Studies of primary pterygia
lone33,36,50 or combined with recurrent pterygia35,37 re-
orted no significant differences in the use of intraoperative
r postoperative mitomycin C.

itomycin C Compared with Conjunctival or
imbal Autograft

ix of the 8 randomized trials for primary pterygium that
ontrasted the use of postoperative mitomycin C (0.02%
wice daily for 5 days32) or intraoperative mitomycin C
0.02% for 2.5 minutes,34 0.04% for 3 minutes,33,56 0.02%
or 2 minutes,49,51,52 or 0.02% for 3 minutes48) with trans-
ational conjunctival or limbal autograft reported no signif-
cant differences in recurrence rates (Table 6). Two studies
omparing mitomycin C (0.04% for 3 minutes53 and 0.02%
or 2 minutes56) with conjunctival or limbal autograft dem-
nstrated a significantly lower recurrence rate in the con-
unctival or limbal autograft group. Two studies compared
ecurrence after pterygium excision and conjunctival or
imbal autograft alone with recurrence after excision and
onjunctival or limbal autograft combined with intraopera-
ive mitomycin C 0.02% or 0.04% for 3 minutes, postoper-
tive mitomycin C 0.02% 3 times daily for 7 days or 0.04%
times daily for 14 days,30 or intraoperative mitomycin C

.02% for 1 minute.48 Combining conjunctival or limbal
utograft with any mitomycin C application resulted in a
ignificant reduction in pterygium recurrence compared
ith conjunctival or limbal autograft alone (P�0.001).
here are no data to suggest whether intraoperative or
ostoperative mitomycin C is more efficacious when com-
ined with a conjunctival or limbal autograft. One potential
imitation of this comparative analysis results from the
ifferent methods used during the application of the intra-
perative mitomycin C (mitomycin C on filter paper or
ponge applied to the bare sclera or Tenon’s membrane).

mniotic Membrane Compared with Conjunctival
r Limbal Autograft

our randomized clinical trials examined pterygium recur-
ence rates after using amniotic membrane grafts compared
ith conjunctival or limbal autograft groups.6,40,49,53 The

ype of amniotic membrane used was not specified in all
tudies. All 4 studies demonstrated a lower pterygium re-
urrence rate in the conjunctival or limbal autograft group
www.manaraa.com
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autograft procedure is more efficacious than amniotic mem-
brane use.

Other Combinations of Adjuvants for Recurrent
Pterygium

A study of treatments for recurrent pterygium reported no
statistically significant difference in recurrence using con-
junctival or limbal autograft with intraoperative mitomycin
C 0.02% for 3 minutes compared with limbal autograft.10

Another trial of recurrent pterygium reported no difference
in recurrence rates when amniotic membrane was used
alone versus with the concurrent use of intraoperative mi-
tomycin C 0.025% for 3 minutes.7 A single study suggests
that there is an advantage to a combination of adjuvants in
surgery for primary pterygium. The treatment group that
underwent the combined use of a conjunctival or limbal
autograft with intraoperative mitomycin C had a statistically
significantly lower incidence of pterygium recurrence com-
pared with the other treatment groups: intraoperative
mitomycin C alone (0.02% for 3 minutes), conjunctival
or limbal autograft alone, and intraoperative sodium
chloride 0.9% as a control. There is insufficient evidence
to recommend any combination of adjuvants in surgery
for recurrent pterygium.

Age, Pterygium Morphologic Features, and
Recurrence

Eight randomized controlled trials reported the statistically
evaluated association of age at the time of surgery and
pterygium recurrence.4,6,7,10,22,29,33,34 No significant associ-
ation of age with recurrence was reported in studies of
amniotic membrane with and without intraoperative mito-
mycin C (P � 0.20),7 conjunctival autograft and conjunc-
tival or limbal autograft (P � nonsignificant),29 or amniotic
membrane and conjunctival autograft (P � 0.28).6

In contrast, a statistically significant association of age
and pterygium recurrence was reported in 5 randomized
clinical trials (Table 7).4,10,22,33,34 One study reported that
the effect of age was statistically significant (P � 0.006)
after controlling for pterygium type and treatment group.4 In
general, patients with recurrent pterygia were a decade
younger than those who did not experience recurrence in
any given study. There is conflicting evidence as to whether
younger age is associated with an increased probability of
recurrence in surgery for pterygium. One study found a
statistically significant direct correlation between the recur-
rence rate and the morphologic grade (fleshiness) of the
pterygium.26

Published Results: Safety of Surgical
Options and Adjuvants

This part of the assessment addresses the safety of the
various options and adjuvants. Complications are catego-

rized as vision threatening or non-vision threatening. a
ision-Threatening Complications

ision-threatening complications, including scleral thinning
r ulceration, delayed conjunctival epithelialization, iritis,
nd symblepharon, are presented in Table 8.

Scleral Thinning or Ulceration. No ulceration occurred
ver the follow-up period for any trial using conjunctival or limbal
utograft (total of 677 eyes) or amniotic membrane transplantation
total of 92 eyes).4,6,7,9,10,22,25,26,29–34,42,46,49,50,52,53,57 There were
o other cases of ulceration reported for another 493 eyes that
nderwent bare sclera excision from the other trials reviewed for
his assessment.4,17,24,26–28,42,56

Use of intraoperative and postoperative mitomycin C
as associated with reports of scleral ulceration (Table 8)

anging from 2% to 19% of eyes in which intraoperative
itomycin C 0.02%17,37,49,50 and 0.04%21,56 was used.
cleral ulceration occurred at proportions that ranged from
% to 19% of eyes when postoperative mitomycin C 0.02%
as applied twice daily for 5 days,17 0.02% applied 4 times
aily for 7 days,33 and 0.04% applied 3 times daily for 7
ays.18 The incidence of scleral thinning or ulceration after
ostoperative mitomycin C 0.02% applied twice daily for 5
ays and intraoperative mitomycin C 0.02% applied for 5
inutes was significantly higher compared with bare sclera

xcision (P�0.001) or compared with 1 drop of mitomycin
0.02% at the end of surgery (P � 0.0001).17 Two studies

eported greater rates of scleral thinning and ulceration with
ncreasing intraoperative21 or postoperative18 mitomycin C
oncentration and longer duration of application.18,21 Intra-
perative exposure to mitomycin C offers the advantage of
irect monitoring of mitomycin C exposure when compared
ith postoperative regimens, which require patient adher-

nce, but this advantage has not yielded lower complication
ates in studies published thus far.

Delayed Conjunctival Epithelialization. Delayed epi-
helialization was associated only with mitomycin C use in
he trials reviewed. Delayed epithelialization, defined as
e-epithelialization that did not occur until 2 to 3 weeks or
ore after surgery, was reported when intraoperative mito-
ycin C 0.02% was applied for 5 minutes, with an inci-

ence of 4% (1 of 24 eyes)4 and 5% (2 of 38 eyes).36

elayed epithelialization also occurred with use of intraop-
rative mitomycin C 0.04% for 3 or 5 minutes, but not
itomycin C 0.02% for 3 minutes.21 Delayed epithelializa-

ion of 1 to 2 months occurred with postoperative mitomy-
in C 0.02% 4 times daily for 5 days in 6% of eyes (2 of
4).36 One trial reported a statistically significant decrease
n delayed re-epithelialization (defined as healing in 3 to 4
eeks) using a single drop of intraoperative mitomycin C
.02% compared with mitomycin C 0.02% twice daily for 5
ays (P � 0.003) or intraoperative mitomycin C 0.02% for
minutes (P � 0.004).17 It cannot be determined from the

vailable results whether intraoperative or postoperative
itomycin C use is associated with greater rates of delayed

pithelialization.
Iritis. Anterior chamber reaction occurred only after

itomycin C use. Iritis was reported after intraoperative
itomycin C 0.01% for 5 minutes in 3% (2 of 66 eyes)14
www.manaraa.com

nd after postoperative mitomycin C 0.02% 4 times daily
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for 7 days in 3% (1 of 40 eyes)37 and mitomycin C 0.005%
4 times daily for 2 weeks in 1% (2 of 156 eyes).35

Symblepharon. Symblepharon formation was reported
in 2% to 10% of cases after bare sclera excision alone and
with conjunctival or limbal autograft, postoperative mitomycin
C, and amniotic membrane alone or combined with intraoper-
ative mitomycin C (Table 8). No trials using intraoperative
mitomycin C alone reported symblepharon formation.

Non–Vision-Threatening Complications

Corneal Dellen. Corneal dellen was a complication re-
ported after use of all adjuvants except amniotic membrane
transplantation (Table 8). Corneal dellen occurred with
translational conjunctival or limbal autograft (1% to 6% of
eyes),4,26,31 bare sclera excision (3%20 to 5%16 of eyes),
intraoperative mitomycin C 0.02% (3% to 6% of eyes),15,16,36

and postoperative mitomycin C 0.02% (2%51 to 9%36 of eyes).
Postoperative Astigmatism. Severe astigmatism oc-

curred in 6% of cases (2 of 31) after bare sclera excision in
1 study.18

Pyogenic Granuloma. Conjunctival pyogenic granu-
loma occurred after the use of conjunctival or limbal au-
tograft,8,10 bare sclera excision,4,14,19,20,27 intraopera-
tive14,25,27,34,36,51 and postoperative4,19,36 mitomycin C, and
amniotic membrane alone34,55 or combined with intraoper-
ative mitomycin C.7 In one study, pyogenic granuloma
occurred more frequently in cases using higher concentra-
tions of mitomycin C.17

Potential Long-Term Considerations

None of the trials included in the assessment addressed
potential long-term complications such as the effect of
mitomycin C on the ocular surface or cornea or the effect of
either mitomycin C exposure or conjunctival or limbal
autograft on the success of subsequent glaucoma surgery,
should it be required.

Mitomycin C-Associated Symptoms

Ocular pain, foreign body sensation, and photophobia are
common symptoms after bare sclera excision, with or without
concurrent use of intraoperative or postoperative mitomycin C,
or conjunctival or limbal autografts.10,15,17,21,24,25,31,36–38

These symptoms occur less frequently with conjunctival or
limbal autografts20 and more frequently with the use of mito-
mycin C15,28 compared with the bare sclera technique. Sub-
stantial irritation required stopping postoperative mitomycin C
use in 7% of eyes (1 of 15)23 and in 2% of eyes (1 of 644).

Summary

Conjunctival or limbal autograft and mitomycin C used
during or after surgery were more efficacious than bare
scleral excision in reducing the rate of recurrence after
surgery for both primary pterygium and recurrent ptery-
gium. Studies demonstrated a lower pterygium recurrence

rate in the conjunctival or limbal autograft group compared a
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ith amniotic membrane grafts alone. Most studies demon-
trated that conjunctival or limbal autograft had similar
fficacy to intraoperative mitomycin C for primary and
ecurrent pterygium. There may be a benefit to using both
onjunctival or limbal autograft and mitomycin C. An over-
iew of the studies suggests that higher exposure (dose or
uration) to intraoperative and postoperative mitomycin C
s associated with greater efficacy along with an increased
isk of complications.

Scleral ulceration and delayed conjunctival epithelializa-
ion were associated with both intraoperative and postoper-
tive mitomycin C use, and there is evidence that increased
omplications are related directly to increased concentration
nd extent of exposure. Scleral thinning or ulceration was
ot reported after conjunctival or limbal autograft and oc-
urred rarely after bare scleral excision.

There is conflicting evidence as to whether increasing
ge is protective against recurrence.

In conclusion, there is evidence to suggest that the use of
n adjuvant in surgery for primary and recurrent pterygium
s warranted to achieve a lower recurrence rate. Although
are sclera excision may have advantages as far as having
he fewest resource requirements, evidence presented here
ndicates that it is an inferior procedure and is associated
ith the highest recurrence rate. Among the adjuvants,
itomycin C and conjunctival or limbal autografts resulted

n fewer recurrences. Conjunctival or limbal autograft was
uperior to amniotic membrane graft surgery in reducing the
ate of pterygium recurrence. Furthermore, the data indicate
hat using a combination of conjunctival or limbal autograft
ith mitomycin C reduces the recurrence rate after ptery-
ium excision compared with conjunctival or limbal au-
ograft or mitomycin C alone. Considering that these adju-
ants are not mutually exclusive, further randomized
ontrolled trials are warranted to demonstrate whether the
ombination of conjunctival or limbal autograft and mito-
ycin C is a beneficial treatment. Because the efficacy of
itomycin C seems to increase with exposure and safety

eems to decrease with exposure, there is a clear need for
urther studies to identify the optimal route of administra-
ion and dose and duration of treatment with mitomycin C.
actors such as availability of resources, primary or recur-
ent status of pterygium, age of patient, and surgeon or
atient preference may influence the surgeon’s choice of
djuvant because there are insufficient data to recommend a
pecific adjuvant or combination of adjuvants as superior
or each specific case.

uture Research

dditional randomized controlled trials in pterygium sur-
ery are required to assess the comparative safety and
fficacy of conjunctival or limbal autograft, techniques to
xcise Tenon’s membrane, various exposure times and tech-
iques associated with the use of mitomycin C, newer
djuvants such as amniotic membrane transplantation, anti-
nflammatory treatments, anti-vascular endothelial growth
actor agents, tissue adhesives, and combinations of these
www.manaraa.com

djuvants.54,57,58 Use of a uniform, consistent grading scale
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for pterygium such as the one proposed by Tan et al26 would
aid in the evaluation of these options and adjuvants in
surgery for pterygium. Certainly, more studies are required
to determine exactly what degree of mitomycin C exposure
offers the greatest combination of safety and efficacy. Fur-
ther characterization of risk factors for recurrence may help
to identify cases in which higher exposures to mitomycin C
are warranted. A standard postoperative medication regi-
men (typically topical antibiotics and corticosteroids)
will help to compare the results between studies. Newer
surgical excision techniques for pterygium removal may
prove to be beneficial, but randomized controlled studies
are needed to assess new techniques. Finally, continued
study of the pathophysiologic basis of occurrence and
recurrence may lead to other therapeutic options in the
treatment of pterygium.59
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