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Abstract
Purpose This study compared the outcomes of a limbal con-
junctival autograft (LCAG) with those of an amniotic mem-
brane graft (AMG) followed by intraoperative 0.02 % mito-
mycin C (MMC) to treat recurrent pterygium.
Methods In this randomized controlled trial, ninety-six eyes
with recurrent pterygium were enrolled and randomly allocat-
ed into two groups using a computer-generated random num-
ber table. Pterygium removal was followed by intraoperative
0.02 % MMC for 3 min and then either LCAG or AMG
transplantation. The major outcomes were recurrence rate,
conjunctival inflammation grade, healing time of the corneal
epithelial defect, eye-movement amplitude (EMA), uncorrect-
ed distance visual acuity (UDVA), and complications.
Results A follow-up of 12 months was conducted for 93 eyes
of 82 patients. Grade D (recurrence) presented in one eye of
the LCAG group and five eyes of the AMG group, with no
between-group difference (p = 0.196). However, Grades A, B,
and C presented in 46, zero and zero eyes of the LCAG group
respectively, and in 37, two and two eyes of the AMG group

respectively, with the surgical bed generally showing a better
appearance in the LCAG group than in the AMG group
(p = 0.008). Compared with baseline values, the postoperative
EMA improved significantly in both groups (p < 0.001 for the
LCAG group; p = 0.001 for the AMG group), as did UDVA
(p = 0.005 for the LCAG group; p = 0.012 for the AMG
group). No between-group differences were found in terms
of the healing time for epithelial defect, conjunctival inflam-
mation grade, or the frequency of complications such as punc-
tate epithelial keratitis, episcleral melting, corneal pannus, and
delayed corneal epithelium healing.
Conclusions LCAG transplantation with intraoperative
0.02 % MMC is as efficacious in treating recurrent pterygium
as AMG transplantation with MMC. The former procedure
results in an attractive cosmetic appearance but might result
in limbal damage in some eyes. The surgeon’s familiarity with
these procedures should determine the method of treatment.
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Introduction

Pterygium is a common eye disease worldwide with an inci-
dence that varies by location. Various surgical procedures ex-
ist for pterygium; however, recurrence is a major complication
after pterygium removal [1]. Recurrent pterygium is more
difficult to treat than primary pterygium because recurrence
is often accompanied by conjunctival fornix shortening,
symblepharon [2], the extension of the scar tissue to the rectus
muscles [3], and accelerated corneal involvement [4].

Surgical treatments for recurrent pterygium include pteryg-
ium excision, covering the defect, and other adjunctive thera-
pies. A high recurrence rate ranging from 48 to 82 % [5, 6]
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was found when recurrent pterygium was treated with exci-
sion alone. Although a single intraoperative dose of low-
concentration mitomycin C (MMC) was effective in reducing
recurrence in vivo, the recurrence rate remained high, ranging
from 12.5 to 66.7 % when using intraoperative MMC alone
[7, 8]. Therefore, the closure of the defect using a conjunctival
autograft (CA) with or without the limbus and amniotic mem-
brane has become a popular technique over recent years [9].
Nevertheless, in treating recurrent pterygium, recurrence rates
remain high, ranging from 0 to 18.2 % when treated with
limbal CA (LCAG) transplantation alone [4, 10–14] and from
9.5 to 37.5 % when treated with amniotic membrane graft
(AMG) transplantation alone [15–18]. Recent studies [15,
17–22] have suggested that a combination therapy of intraop-
erative MMC and a graft is more successful for treating recur-
rent pterygium. However, the recurrent rates varied greatly in
different reports of intraoperativeMMC combinedwith a graft
for treating recurrent pterygium. Moreover, the LCAG proce-
dure can be vary technically demanding. Furthermore, no con-
sensus exists regarding the use of a conjunctival graft for
pterygium surgery, including the necessity of limbal trans-
plantation [10, 23, 24] and the application of MMC [14, 19,
24, 25].

To date, no randomized clinical trial has been conducted
regarding MMC with a graft for recurrent pterygium. To as-
sess the effectiveness and complications of two combined
approaches to treat recurrent pterygium, we designed a ran-
domized trial of recurrent pterygium excision with intraoper-
ative MMC application to compare LCAG with AMG.

Patients and methods

Study design

This prospective, randomized, and controlled study included
patients who presented with one or two eye(s) with unilateral
recurrent pterygium and were consecutively enrolled at the
Cornea Division of the Zhongshan Ophthalmic Center.
These eyes were randomly assigned to 2 treatment groups
using a random number table via blocked randomization: the
LCAG group received intraoperative 0.02 % MMC for 3 min
plus LCAG transplantation, and the AMG group received
intraoperative 0.02 % MMC for 3 min plus AMG transplan-
tation. If both eyes were enrolled, then the eyes were separate-
ly randomized. This clinical trial was registered at http://www.
cl in ica l t r ia l s .gov (Cl in ica lTr ia ls .gov ident i f ie r :
NCT01319721). Informed consent was obtained from each
participant after a thorough explanation of the procedures
and its risk according to the Declaration of Helsinki. The
medical ethics committee of Zhongshan Ophthalmic Center
in Guangzhou also approved this study (No. 2012KYNL038).

Population

Recurrent pterygium was defined as an encroachment of fi-
brovascular tissue onto the cornea for any distance in the po-
sition of a previous pterygium. This condition was assessed
using standardized photographs of the ocular surface, and was
validated by an author. The inclusion criteria for patient selec-
tionwere recurrent pterygium, age ranging from 18 to 80 years
old, no ocular or systemic contraindications for surgery, and a
willingness to participate in the study. Patients were excluded
from this study if they presented with collagen vascular dis-
eases or other autoimmune diseases, any evidence of stem cell
deficiency, a known allergy to MMC, tobramycin, or dexa-
methasone, or glaucoma that might require future filtering
surgery. Pregnant or lactating women were also excluded.

The required study sample size was determined based on
the recurrence results reported by previous studies [18, 21]:
0 % for the LCAG group and 12.8 % for the AMG group. To
achieve a confidence level of 95% and a study power of 80%,
at least 86 eyes were needed. Taking into consideration an
expected loss of 10 % of the patients due to follow-up, a
minimum number of 96 eyes was required for this study.
Thus, a sample size of 48 eyes per group was necessary.

The eyes with recurrent pterygium were allocated using a
computer-generated randomization sequence with variable
block sizes of four patients prepared by a biostatistician
(Futian Luo). Allocation was concealed using sequentially
numbered, sealed envelopes prepared by a research assistant
not otherwise involved in the study.

Surgical procedure

Patient demographic data were documented preoperatively.
Before surgery, patient clinical data were collected through
detailed ophthalmic examinations that included noncontact
tonometry, slit-lamp biomicroscopy, ophthalmoscopy, a mea-
surement of eye-movement amplitude (EMA), and uncorrect-
ed distance visual acuity (UDVA). UDVAwasmeasured using
a Standard Logarithmic Visual Acuity Chart, and the results
were converted to the logarithm of the minimal angle of res-
olution (logMAR) for analysis. The preoperative characteris-
tics of the recurrent pterygium included the size of encroach-
ment on the cornea and the degree of vascularization. The
former was described as the pterygium region, including the
length on the cornea and the limbal cord width (Fig. 1a). The
latter was described as follows: grade 1, pale in color with
mild vascularization; grade 2, intermediate red in color with
marked vascularization; and grade 3, scarlet in color with
marked vascularization [18].

The surgical procedure used was based on previous de-
scriptions [26]. The same surgeon (Shiyou Zhou) performed
all operations. After the administration of a local anesthetic,
the recurrent pterygium head was first separated from the
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limbus and dissected toward the central cornea via a gentle
scraping with a no. 15 Bard–Parker blade, keeping the plane
of dissection as superficial as possible. Subconjunctival fibro-
vascular tissue was then excised extensively until reaching the
margin of the caruncle, and scar tissue was dissected from the
episclera and rectus muscle. After applying gentle cauteriza-
tion to seal any bleeding vessels, a moist sponge with 0.02 %
MMC (Kyowa®, Tokyo, Japan; 2 mg/vial) was applied to the
bare sclera and the undersurface of the surrounding residual
conjunctival bed for 3 min, and the eye was then washed with
150 ml of balanced salt solution.

In the LCAG group, a caliper was used to measure the area
of the conjunctival defect. The intended graft area, which was
0.5 mm larger in all dimensions than the conjunctiva defect,
was marked in the superotemporal zone with a gentian violet
marking pen. Then, the graft was carefully dissected from the
underlying Tenon’s tissue up to the limbus, including 0.5 mm
of the peripheral corneal limbus, which was equal in arc length
to the bared limbus. To help ensure correct tissue orientation,
the free graft was spread out on the cornea and transferred to
the scleral bed. The LCAG donor site was left alone with the
Tenon’s tissue exposed. In the AMG group, cryopreserved
amniotic membrane was prepared as previously described
[27]. The graft was fashioned into pieces of similar size and
shape as the bared scleral area and then used to cover the
episclera and rectus muscle. At this stage, the grafts were
sutured using interrupted 10-0 nylon sutures (Alcon®,
Alcon Laboratories, Inc., Fort Worth, TX, USA), and the
symblepharon was removed, resulting in the formation of
the fornix. At the end of surgery, a 0.3 % tobramycin ointment
(Tobrex®, Alcon, Couvreur, Belgium) was applied, and the
eyes were patched for 1 day.

Starting on the first postoperative day, all eyes in both study
groups received 0.5 % levofloxacin eye drops (Cravit®,
Santen Pharmaceutical Co., Osaka, Japan) and 0.1 % sodium
hyaluronate eye drops (Hialid®, Santen) during the day and
0.3 % tobramycin ophthalmic ointment (Tobrex®, Alcon,
Couvreur, Belgium) at bedtime until the corneal epithelial
defect healed. Both groups received 0.1 % pranoprofen

ophthalmic solution (Pranopulin®, Sunju Pharmaceutical
Co., Ltd., Japan) at the end of the first week. Cravit and
Tobrex were then replaced with 0.3 % tobramycin/0.1 %
dexamethasone eye drops and ointment (TobraDex®, Alcon,
Couvreur, Belgium), respectively, and the frequency of
TobraDex eye drops was tapered as follows: 6 times daily
for 3 days, 4 times daily for 1 week, 3 times daily for 1 week,
and twice daily for 2 weeks. The TobraDex eye drops and
ointment were then stopped, together with Hialid and
Pranopulin. The interrupted sutures were removed 2 weeks
after surgery in both groups.

Postoperative follow-up and outcomes

The follow-up points were 1 day, 3 days, 14 days, 3 months,
6 months, and 12months postoperatively. If the clinical course
suggested any acute problems, the patients dropped out of the
study and underwent supplementary follow-up visits. Patients
who failed to return for the recommended follow-up appoint-
ments were telephoned to encourage compliance with follow-
up. As with the preoperative assessment, ophthalmic exami-
nations were performed to evaluate the postoperative
outcomes.

Recurrence

According to the classification of Prabhasawat et al. [16],
recurrence (grade D) was defined as the presence of fibro-
vascular tissue in the surgical area and invasion onto the
cornea. The appearance of the surgical bed in successful
cases was graded as follows: grade A was defined as the
operated eye being indistinguishable from a normal eye,
grade B was defined as the presence of fine episcleral ves-
sels without fibrous tissue in the surgical area extending up
to the limbus but not beyond, and grade C was defined as
the presence of fibrovascular tissue in the surgical area but
without invasion onto the cornea.

Fig. 1 Photograph showing an estimation of the region of recurrent pterygium and EMA. Pterygium width and length (a) over the cornea are measured.
The EMAwas calculated by subtracting the initial length I (b) from the ultimate length U (c)
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EMA

EMA was measured before and after surgery. As shown in
Fig. 1, length I (Fig. 1b) was measured from the canthus to
the corneal limbus using a millimeter rule while the partici-
pants gazed at a central fixed point, and length U (Fig. 1c) was
measured whlie patients gazed to the opposite side of the
pterygium site. Then, EMA was calculated by subtracting I
from U. Concurrent symblepharon was also documented
preoperatively.

Healing time of the corneal epithelial defect

Fluorescein staining is a method of visual observation (via a
cobalt blue light) used to reveal the defect in the epithelial
surface of the cornea postoperatively and the characteristic
pattern of corneal re-epithelialization.

Conjunctival inflammation

Within 1 month after surgery, the presence of conjunctival
inflammation around the surgical site was assessed and graded
as 0 (none), i (mild), ii (moderate), or iii (severe) as described
by Kheirkhah et al. [28].

Complications

From the time of informed consent to 12 months after surgery,
standard ophthalmic examinations were performed to monitor
adverse events, especially vision-threatening complications
such as scleral thinning or ulceration, corneal perforation, iri-
tis, cataract formation, and glaucoma. In addition, attention
was paid to the risk of limbal damage at the donor site of the
LCAG, and localized pannus formation or pseudopterygium
was recorded.

Because the surgeon could not be blind to the results, an-
other author (Rongxin Chen) confirmed all of the above out-
comes during the follow-up period.

Statistical analyses

A statistician, Professor Futian Luo from the School of
Public Health of Sun Yat-sen University, performed all of
the statistical analyses using SPSS version 20 (IBM/SPSS
Inc., Chicago, IL, USA). The mean ± standard deviation or
frequency (percentage) was calculated for each parameter.
Intergroup comparisons were performed using an
independent-samples t-test, chi-square test, or Mann–
Whitney U test. Within-group comparisons from the pre-
operative to the final postoperative visits were performed
using a paired-sample t-test. Comparisons were 2-sided,
and results were considered as significant when the p-value
was 0.05 or less.

To avoid bias and ensure the comparability of the two treat-
ment groups, the distributions of the baseline characteristics
between the per-protocol population and the randomized pop-
ulation were compared.

Results

Patient characteristics

A total of 96 eyes (85 patients) were enrolled in this study
between December 2010 and May 2013. To ensure that sig-
nificant bias due to patient dropout did not exist, the baseline
characteristics were compared between the per-protocol pop-
ulation and the randomized population. No significant differ-
ences were observed between these populations (each
p > 0.05, Table 1). After the exclusion of three eyes from three
patients who were lost to follow up (dropout rate = 3.1 %), the
complete data for 93 eyes of 82 patients (37 men and 45
women) were obtained, including 11 patients with bilateral
eyes with recurrent pterygium. These eyes were assigned to
two different treatment groups for eight of these 11 patients,
whereas the remaining three patients received the AMG group
treatment for both eyes.

Of the patients who completed the follow-up assessment,
47 eyes and 46 eyes were assigned to the LCAG and AMG
groups respectively. No significant differences were observed
between the two groups in terms of sex, age, characteristics of
recurrent pterygium, concurrent symblepharon, or number of
previous excisions (each p > 0.05, Table 2).

Recurrence

At 12 months after treatment, one eye (2.1 %) in the LCAG
group developed grade D recurrence, whereas five eyes
(10.9 %) in the AMG group developed grade D recurrence;
this difference was not significant (p = 0.196). However, the
surgical site showed a better appearance in the LCAG group
(Fig. 2a-d) than in the AMG group (Fig. 2e-l; p = 0.005,
Table 3). In addition, the recurrences in both groups that had
been noted 3 months postoperatively showed no progression
at the 12-month follow-up assessment.

Postoperative conjunctival inflammation

As Table 3 shows, no significant differences were observed
between the two groups in terms of conjunctival inflammation
around the surgical site at 1 month after surgery (p = 0.194).

Epithelial defect healing

No significant difference was observed with regard to the time
for corneal epithelial defect healing between the LCAG
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(Fig. 3a-d) and AMG (Fig. 3e-h) groups (2.78 ± 0.73 days vs
3.23 ± 2.69 days, p = 0.500). Regardless of LCAG or AMG
transplantation, the same healing process was shown for the
corneal epithelial wounds in both groups (Fig. 3i-l)— specif-
ically, epithelialization proceeded from the wounded margin
of the corneal epithelium onto the corneal surface — more-
over, the renewed epithelium covered the corneal defect ear-
lier than the epithelium that covered the limbal defect.
Furthermore, the re-epithelialization of the LCAG harvesting
area and AMG surface were complete within 2 weeks.

EMA

Compared with the preoperative EMAs, postoperative ocular
motility improved significantly, with EMAs of 8.35 ±

1.38 mm (vs 6.67 ± 1.84 mm; p < 0.001) and 7.85 ±
1.94 mm (vs 6.79 ± 2.01 mm; p = 0.001) in the LCAG and
AMG groups respectively. No between-group differences
were observed with regard to preoperative or postoperative
EMA.

Visual acuity

UDVA significantly improved after treatment in both groups.
The mean preoperative UDVAs were 0.28 ± 0.34 and 0.35
± 0.45 in the LCAG group and AMG groups respectively,
and no between-group difference was found (p = 0.512).
Twelve months after treatment, the UDVA in both the
LCAG and AMG groups improved significantly, to 0.15
± 0.26 (p = 0.005) and 0.23 ± 0.48 (p = 0.012) respectively.

Table 2 Baseline characteristics
of the patients who completed a
12-month follow-up assessment

LCAG group AMG group P-value

No. eyes 47 46

Sex (M/F, patients) 20/27 18/25 0.928a

Age (mean ± SD, years) 53.10 ± 12.18 55.77 ± 11.87 0.287b

Size of recurrent pterygium

Length (mean ± SD, mm) 3.77 ± 1.38 4.19 ± 1.88 0.225b

Width (mean ± SD, mm) 6.18 ± 1.53 6.16 ± 2.15 0.971b

Side of recurrent pterygium (nasal/temporal, eyes) 42/5 40/6 0.720a

Degree of vascularization in pterygium (grade 1/2/3, eyes) 14/26/7 14/25/7 0.996a

Concurrent symblepharon (yes/no, eyes) 23/24 18/28 0.341a

Number of previous excisions (1/2/≥3 times, eyes) 39/6/2 36/8/2 0.821a

SD standard deviation
a chi-square test
b independent-sample t-test

Table 1 Baseline characteristics
of the populations who completed
the entire study and were
randomly enrolled in the current
study

Per-protocol
population

Randomized
population

P-
value

No. eyes 93 96

Sex (M/F, patients) 37/45 37/48 0.852a

Age (mean ± SD, years) 54.42 ± 12.04 54.38 ± 11.93 0.982b

Size of recurrent pterygium

Length (mean ± SD, mm) 3.98 ± 1.65 3.99 ± 1.62 0.962b

Width (mean ± SD, mm) 6.17 ± 1.85 6.20 ± 1.84 0.907b

Side of recurrent pterygium (nasal/temporal, eyes) 82/11 85/11 0.937a

Degree of vascularization in pterygium (grade 1/2/3,
eyes)

28/51/14 31/51/14 0.949a

Concurrent symblepharon (yes/no, eyes) 41/52 44/52 0.809a

Number of previous excisions (1/2/≥ 3 times, eyes) 75/14/4 77/15/4 0.993a

SD standard deviation
a chi-square test
b independent-sample t-test
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Fig. 2 Preoperative appearance and grading of the surgical outcomes
after MMC application with either LCAG or AMG. In the LCAG
group, the eyes with recurrent pterygium (a) presented grade A with
normal appearance (b) after surgery, whereas only one eye with
recurrent pterygium involving the corneal stroma (c) showed grade D
recurrence (d) postoperatively. In the AMG group, for recurrent

pterygium (e), most of the eyes had grade A with attractive cosmetic
appearance (f) postoperatively. After the removal of the recurrent
pterygium (g, i) in the AMG group, the grade B appearance of fine
episcleral vessels (h) and the grade C appearance of fibrovascular tissue
in growth (j) in the excised area were observed. After surgery, the eyes
with recurrent pterygium (k) also presented grade D recurrence (l)

Table 3 Clinical outcomes for
the eyes of patients undergoing
intraoperative MMC application
with either LCAG or AMG
transplantation to treat recurrent
pterygium

LCAG group AMG group P-value

No. eyes 47 46

Surgical bed appearance 0.008a

Grade A, n (%) 46 (97.9) 37 (80.4)

Grade B, n (%) 0 (0) 2 (4.3)

Grade C, n (%) 0 (0) 2 (4.3)

Grade D, n (%) 1 (2.1) 5 (10.9)

Conjunctival inflammation grade 0.194a

Grade 0, n (%) 21 (44.7) 16 (34.8)

Grade i, n (%) 17 (36.2) 16 (34.8)

Grade ii, n (%) 9 (21.3) 13 (28.3)

Grade iii, n (%) 0 (0.0) 1 (2.2)

No. complications, n (%) 13 (27.7) 8 (17.4) 0.236b

Punctate epithelial keratitis, n (%) 6 (12.8) 6 (13.0)

Local episcleral melting, n (%) 2 (4.3) 1 (2.2)

Localized pannus at donor site, n (%) 5 (10.6) –

Delayed epithelialization of corneal defect, n (%) 0 (0) 1 (2.2)

a Mann–Whitney U test
b chi-square test
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Postoperative complications

The frequency of postoperative complications was similar for
the two groups (p = 0.236). Transient punctate epithelial ker-
atitis (Fig. 4a, d), which was observed via fluorescein staining,
appeared postoperatively in six eyes in each group. Local
episcleral melting with graft melting presented in two eyes
(Fig. 4b) in the LCAG group and one eye (Fig. 4e) in the
AMG group. Local superficial melting resolved after the ap-
plication of lubrication and a topical antibiotic for 2 weeks,
and the use of Pranopulin and TobraDex was stopped.
Localized pannus formation at the donor site of the LCAG
was noted in five eyes in the LCAG group (Fig. 4c), but this
change was limited to the donor site, with no progression over
the cornea during the 12-month follow-up period. In the AMG
group, the delayed healing of a corneal epithelial defect oc-
curred in one eye (Fig. 4f) in which more than one-fourth of
the limbus was involved in recurrent pterygium. The corneal
wound defect was re-epithelialized after the application of a
bandage contact lens.

Discussion

Recurrent pterygium presents a significant surgical problem.
Conjunctival shortening or the symblepharon caused by

multiple surgeries is especially challenging. The major diffi-
culty in recurrent pterygium treatment is the high rate of re-
currence. The complete removal of the subconjunctival fibro-
vascular tissue and fibroblast cells is almost impossible, espe-
cially in cases of recurrent pterygium. Although there is con-
sensus that intraoperative MMC or graft coverage of bare
sclera helps to prevent the recurrence of pterygium [9], con-
troversy remains with regard to the most appropriate study
size and graft composition. This controversy is partially be-
cause of the unresolved histological pathophysiology of pte-
rygium. The CAwith limbus seems to yield better results than
the bulbar CA [23, 24], whereas the recurrence rate under
AMG was similar to that under LCAG [29]. To achieve a
lower incidence of recurrence, the current study evaluated
the efficacy and safety of an intraoperative MMC application
combined with LCAG or AMG transplantation to treat recur-
rent pterygium.

During a 12-month follow-up assessment after surgery
with an MMC application, the current study had total recur-
rence rates of 2.1 and 10.9 % associated with the LCAG and
AMG groups respectively. When each procedure was consid-
ered separately, these results were comparable with those of
previous studies. A previous report found recurrence rates
ranging from 0 to 18.2 % for free LCAG transplantation [4,
10–14] and from 9.5 to 37.5 % for AMG transplantation to
treat recurrent pterygium without the application of MMC

Fig. 3 The same pattern of re-epithelialization for corneal epithelium
defect in eyes with LCAG or AMG transplantation. After surgery,
epithelialization occurred in the LCAG group (a–d) from the defect edge
of the preserved corneal epithelium to the epithelium defect, with the

limbal region being the last to heal. The same healing process for the
epithelial defect was observed in the AMG group (e–h). The schema (i–
l) shows the same epithelial healing pattern for the two groups
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[16–18]. Few studies have used adjunctive MMC for surgery
with LCAG to treat recurrent pterygium or have compared this
protocol with other techniques. Nabawi et al. [21] applied
intraoperative MMC for 3 min combined with LCAG, and
did not find any recurrence 18 months later in 34 eyes with
recurrent pterygium surgery. Moreover, Fakhry [19] showed
that the preoperative injection ofMMC before LCAG resulted
in significantly less recurrence than LCAG alone. Therefore,
the additive effects of combined use appear to effectively re-
duce recurrence rates to treat recurrent pterygium, and might
be one of the reasons for the relatively low recurrence rates in
both groups.

After the removal of pterygium, the rationale for using
intraoperative MMC is that it inhibits the replication of
DNA during mitosis, and slows fibrovascular tissue regrowth.
The advantages of this approach are its relatively low cost and
technical ease. Disadvantages are rare; however, devastating
complications including scleral ulceration and necrosis, sec-
ondary glaucoma, corneal perforation, cataract formation, iri-
tis, and irreversible damage to stem cells can occur. As in our
study and based on the reported data [9], intraoperative 0.02%
MMC was applied for 3 min to reduce the recurrence of pte-
rygium and avoid complications. According to previous re-
ports [7, 18], the recurrence rate after intraoperative MMC
was applied only on the bared sclera ranged from 12.5 to
19.2 %. The various rates of recurrence after MMC applica-
tion have been attributed to the concentration and patching
time of the MMC cotton applicator, as well as to the surgical
technique. In addition to intraoperative MMC, this study used
LCAG or AMG to evaluate whether the combination of these

treatments further reduced the recurrence rate of recurrent pte-
rygium. The addition of AMG or LCAG to MMC might also
enable ocular surface reconstruction, even after extensive fi-
brovascular tissue removal.

Although different studies have adopted various definitions
of pterygium recurrence, the current study used a previously
reported grading system [16]. According to this grading sys-
tem, grades B and C presented in two eyes and two eyes
respectively of the AMG group, but in no eyes of the LCAG
group. We concluded that MMC combined with LCAG to
treat recurrent pterygium resulted in a better cosmetic appear-
ance, in accordance with a previous study by Hirst et al. [26].
However, in the current randomized study, one of 47 eyes
experienced corneal recurrence (grade D appearance)
12 months after the intraoperative application of 0.02 %
MMC for 3 min combined with LCAG transplantation,
whereas 5 of 46 eyes showed recurrence in the AMG group,
without a significant between-group difference. Previously,
Kheirkhah et al. [24] studied the outcomes of pterygium sur-
gery with MMC application using CA versus LCAG. With a
minimum follow-up time of 12 months, one of 31 eyes
(3.2 %) with primary pterygium and one of eight eyes
(12.5 %) with recurrent pterygium in the CA group showed
true corneal recurrence. No eye in the LCAG group developed
recurrence. No significant differences in recurrence rates were
observed between the CA and LCAG groups, or between the
primary and recurrent subgroups. Although the AMG cannot
provide stem cells, it can provide a basement membrane sub-
strate that facilitates the migration of epithelial cells.
Furthermore, it has anti-inflammatory properties, which serve

Fig. 4 Complications in eyes with intraoperative MMC followed by
LCAG or AMG transplantation. Six eyes exhibited superficial
punctuate epithelial defects in both groups (a–d). Episcleral melting
developed in two eyes in the LCAG group (b) and in one eye in the

AMG group (e). Localized pannus formation at the donor site of LCAG
was observed in five eyes in the LCAG group (c). Delayed corneal
epithelialization was noted in one eye in the AMG group (f)
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to decrease angiogenesis and fibroblastic activities [30].
Katircioglu et al. [31] reported that AMG combined with
MMC has a similar recurrence rate (8 %) compared with CA
combined with MMC, probably because of the favorable ef-
fects of decreased angiogenesis and fibroblastic activities. In
accordance with these studies, no significant between-group
differences in recurrence rates were observed in the present
study; however, these results might well be related to the rel-
atively low number of patients.

Furthermore, this comparative study did not find an addi-
tional effect of intraoperative MMC application with either
LCAG or AMG transplantation with regard to recurrent pte-
rygium surgery. Although recurrence of this disease is multi-
factorial, there were no significant differences in sex distribu-
tion, average age, or size, side, or degree of vascularization of
pterygium before surgery between the two groups. In addition
to the dose and time of MMC application and the type of
surgical technique, early postoperative inflammation stimulat-
ed by sutures might be associatedwith recurrence, as it is more
commonly observed following suture surgery than following
fibrin adhesive surgery [32].

In addition to the lack of significant superiority to prevent
pterygium recurrence, LCAG is more time-consuming and
requires greater surgical expertise to harvest the limbal tissue.
Moreover, pannus formation developed at the area of the do-
nor limbus in five eyes (10.6 %) in the LCAG group, which is
similar to the incidence rate of 12.8 % reported by Kheirkhah
et al. [24]. Although an impression cytologic analysis was not
performed in our study, this pannus formation might be ex-
plained by focal limbal stem cell deficiency previously report-
ed in the donor limbus [12, 33]. Although the pannus
remained confined within the area of limbal resection without
additional progression, this condition might compromise fu-
ture responses of the limbal stem cell reserve to additional
stress. Additional research is needed to evaluate the incidence
of limbal stem cell deficiency at the donor site of LCAG and
its effect on ocular surface health.

Traditionally, the corneal limbus is thought to be a stem cell
supplier of the corneal epithelium; given that the delayed
healing of the corneal wound presented in one eye with limbal
large involvement in the AMG group, this relationship might
also be because of the intraoperative MMC application [9].

Beyond the application of intraoperative MMC or a graft,
the degree of conjunctival inflammation might affect the out-
come of recurrent pterygium surgery, as the results for primary
pterygium surgery suggested. Previous studies reported per-
sistent conjunctival inflammation around the surgical site after
pterygium surgery in 15 % of patients who underwent CA
transplantation [34] and in 31.5 to 40.7% of eyes that received
an AMG [17, 28]. Under postoperative treatment with
Pranopulin and TobraDex, no significant between-group dif-
ference was observed in the distribution of eyes with conjunc-
tival inflammation, and the improvement of EMAwas equal

in both groups. Therefore, the treatment of postoperative in-
flammation probably played a role in pterygium recurrence.

Moreover, no significant between-group difference was
found in terms of the duration of corneal epithelial wound
healing in this study. The healing pattern in both groups
was similar to a previous description [35], in which the
corneal epithelial defect was covered by the regenerated
corneal epithelium from the junction of the defect and
healthy epithelium, toward the center of the epithelial de-
fect, and finally to the excised limbal area. This finding
conflicts with the healing pattern of limbal transplantation
for people with limbal stem cell deficiency, in which the
defective corneal epithelium is covered by the proliferation
and differentiation of stem cells residing in the transplanted
limbus [36]. Our study implies that the transplanted limbal
tissue that was included in LCAG does not supply the
corneal epithelium during the stage of epithelial wound
healing; rather, it corrects limbal dysfunction by acting as
a barrier against the invasion of subconjunctival fibrovas-
cular tissue.

Although many surgeons currently favor some form of
cover for the bare sclera followed by intraoperative MMC,
as well as the closure of the conjunctiva to prevent com-
plications, three eyes were noted with graft melting and
subsequent surgical episcleral melting in this study.
Episcleritis commonly recurs and can spread to the sclera,
leading to scleral necrosis that may progress to melting or
perforation of the sclera [37]. Nonetheless, our patients
were all healthy, without conditions predisposing to ulcer-
ation or poor wound healing, such as collagen vascular
disease or autoimmune diseases. We suspect that such
complications might be related to the intraoperative use
of MMC [38] and excessive cautery with the avascular
bed [39]. Moreover, punctate epithelial keratitis was noted
in 12 eyes. After the appropriate pharmaceutical treatment
adjustment, these minor complications did not influence
the patients’ vision as reported by Young et al. [25].
Therefore, the intraoperative use of topical MMC is with-
out risk or need for concern.

This study was prospective and randomized, and no sig-
nificant difference was found between the two groups with
regard to treating recurrent pterygium. Furthermore, this
study was performed with a large sample size. In addition,
the postoperative follow-up assessment in all cases was
12 months, which was long enough to evaluate pterygium
recurrence [40]. However, a longer follow-up period is
needed to observe the late complications of MMC, which
can include necrotizing scleritis, corneal perforation and
scleral calcification. Moreover, different recurrence rates
(2.1 % vs 10.9 %) are often found between the two groups.
Because the sample size affects statistical power, more pa-
tients should be enrolled in order to compare the two treat-
ments in future studies.
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