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Figure 4. Forest plot of postoperative Schirmer | test between the LSCT and the AMT groups. Results of Schirmer |
test 1 month (A), 3 months (B), and 6 months (C) post-surgery. Abbreviations: LSCT: Limbal Stem Cell Transplanta-

tion; AMT: Amniotic Membrane Transplantation.

Figure 5. Forest plot of postoperative corneal epithelial healing time between the LSCT and the AMT groups. Abbre-
viations: LSCT: Limbal Stem Cell Transplantation; AMT: Amniotic Membrane Transplantation.

had a significant impact on the heterogeneity
(Supplementary Figure 3). However, when the
study of Jiang 2021 was removed, the hetero-
geneity was still high among the remaining 6
studies (I°=91%, P<0.1). Therefore, we chose
the random effect model for the study, and the
results showed that the corneal epithelial heal-
ing time was significantly shorter in the LSCT
group than in the AMT group (pooled MD=-1.17,
95% Cl: -2.15, -0.19, P<0.05, random effect)
(Figure 5).

Postoperative recurrence rate: The data on the
postoperative recurrence rate were obtained
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from 14 RCTs [19-30, 32, 34] with a total of
601 cases in the LSCT group and a total of 575
cases in the AMT group. The forest plot demon-
strated that the postoperative recurrence rate
was significantly lower in the LSCT group than
in the AMT group (pooled RR=0.42, 95% ClI:
0.30, 0.59, P<0.05, fixed effect) with low het-
erogeneity among all studies (I>=0%, P=0.46)
(Figure 6).

Postoperative complication rate: The data on
the postoperative complication rate were avail-
able in 5 RCTs [19, 21, 23, 29, 30] with 227
cases in the LSCT group and 235 cases in the
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LSCT Group AMT Group Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chen 2012 3 45 6 45 59% 050(0.13,1.89) —_—
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Tananuvat 2004 2 42 18 44 17.2%  0.12([0.03,0.47] —_—
Tang 2013 5 60 1 68 101%  052[0.19,1.40] —
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Figure 6. Forest plot of recurrence rate between the LSCT and the AMT groups. Abbreviations: LSCT: Limbal Stem
Cell Transplantation; AMT: Amniotic Membrane Transplantation.
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Figure 7. Forest plot of postoperative complication rate between the LSCT and the AMT groups. Abbreviations: LSCT:
Limbal Stem Cell Transplantation; AMT: Amniotic Membrane Transplantation.

AMT group, which is summarized by forest plot
(Figure 7). There was no significant heterogene-
ity among the 5 studies as determined by het-
erogeneity test (1>=0%, P=0.72). Similar to the
results of postoperative recurrence rate, the
postoperative complication rate was lower in
the LSCT group than in the AMT group, although
the difference was not statistically significant
(pooled RR=0.57, 95% CI: 0.31, 1.04, P=0.07,
fixed effect).

Publication bias

The shape of the funnel plot revealed that the
data of each outcome measure were symmetri-
cal (Figure 8), which was confirmed by Begg’'s
and Egger’s tests (all P>0.05), indicating that
the results of each outcome measure in our
meta-analysis did not have a publication bias.
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Discussion

Pterygium is a common ocular surface disease
with a global prevalence of 12% [35]. Although
it is known that pterygium is a multifactorial
degenerative disease [1], the etiopathology of
pterygium remains unclear. One of the primary
risk factors of pterygium is exposure to ultravio-
let light, and the most effective treatment
method is surgery. Furthermore, LSCT and AMT
are commonly used for pterygium surgery. In
recent years, the recovery of the ocular surface
after pterygium surgery, such as tear film stabil-
ity, corneal epithelial healing time, recurrence
rate, and complications, has received increas-
ing attention. A previous study has shown that
regardless of the surgical approach, the tear
film stability of patients after pterygium surgery
has been improved to certain extent [13].

Am J Transl Res 2023;15(2):641-652
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Figure 8. Funnel plot of each outcome measure between the LSCT and the AMT groups. Results of BUT 1 month (A), 3 months (B), and 6 months (C) post-surgery;
Results of Schirmer | test 1 month (D) 3 months (E), and 6 months (F) post-surgery; (G) Results of postoperative corneal epithelial healing time; (H) Results of recur-
rence rate; (I) Results of postoperative complication rate. Abbreviations: LSCT: Limbal Stem Cell Transplantation; AMT: Amniotic Membrane Transplantation; BUT:
Tear Break-Up Time.
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However, there are conflicting results about the
degree of improvement in tear film stability and
in recurrence rates post-surgery between LSCT
and AMT [5, 16, 17, 21, 22, 31-33]; hence, we
conducted this meta-analysis to provide a more
robust and accurate assessment on the effica-
cy of LSCT and AMT.

Although the Schirmer | test is also applied, the
BUT is the most used clinical diagnostic test for
tear film stability [36]. It measures the time
interval between the complete blink and the
appearance of the first break in the tear film
[37]. In contrast, the Schirmer | test is a com-
monly used method for measuring tear produc-
tion [37]. Tear osmolarity is a function of tear
secretion and tear evaporation [12]. A study
has shown that lower tear production can lead
to higher tear osmolarity levels [38]. And there
is an interconnection between hyperosmolarity
and tear instability [39]. Therefore, the Schirmer
| test can be used as an indirect indicator for
measuring the tear film stability.

In this study, we found that patients in the AMT
group presented significantly better results of
the BUT and Schirmer | test at 1 month after
surgery than those in the LSCT group. Never-
theless, there was no statistical difference in
BUT at 3 and 6 months after surgery between
the LSCT and AMT groups. However, the LSCT
group showed a significantly increased tear
production (based on the Schirmer | test) at 3
and 6 months after surgery compared to the
AMT group, suggesting that AMT is better for
the early stage of tear film stability, but LSCT
seems superior in long-term postoperative tear
film stability. The LSCT is the transplantation of
conjunctival tissue with limbal stem cells above
or below into the location following pterygium
excision. Compared with the AMT, the LSCT has
more damage to the conjunctival and corneal
tissues in the early postoperative period, with a
reduced conjunctival goblet cell population;
therefore, the ocular surface integrity is more
compromised. As a result, tear film stability is
better in the early postoperative period in AMT
than in LSCT. As the wound heals, LSCT pro-
vides normal growing conjunctival and corneal
epithelial cells, accelerating the ocular surface
reconstruction, thereby leading to a long-term
postoperative tear film stability.

The shortened corneal epithelial healing time
after pterygium surgery reflects the effective
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control of ocular surface inflammation which
can reduce patient discomfort [40]. In contrast
to the amniotic membrane, limbal stem cells
not only have the ability of histiocyte renewal
and regeneration, but also can continuously
divide and proliferate to supplement the cor-
neal epithelium scraped during surgery, and
thus accelerating its healing. Therefore, post-
operative corneal epithelial healing is theoreti-
cally faster with LSCT. Our study confirmed this
notion, showing that corneal epithelial healing
time was shorter in the LSCT group than in the
AMT group after primary pterygium surgery,
and the difference was statistically significant.

Compared with simple excision of pterygium,
both LSCT and AMT are effective in reducing
the postoperative recurrence rate [1]. Limbal
epithelium acts as a barrier between conjunc-
tiva and cornea, and the stem cells derived
from LSCT can restore the barrier and prevent
fibrous connective tissue proliferation and
neovascular ingrowth, thereby inhibiting the
recurrence of pterygium [17]. Hence, it is con-
ceivable that the LSCT has the advantage in
reducing postoperative pterygium recurrence.
Although the studies by Zheng and Clearfield
showed no statistical difference between the
LSCT and the AMT in the postoperative recur-
rence rate, both meta-analyses suggested a
lower recurrence rate in the LSCT group [5, 171].
In line with this, the study by Li indicated that
the postoperative recurrence rate was signifi-
cantly lower in the LSCT group than in the AMT
[16], which was further supported by our find-
ings. After pooling the postoperative complica-
tions from multiple original studies, we found
that the LSCT group had a lower incidence of
postoperative complications than that in the
AMT group, although the difference was not
statistically significant.

In this meta-analysis, we compared the tear
film stability between the LSCT and the AMT.
We also comprehensively analyzed the postop-
erative corneal epithelial healing time, recur-
rence rate, and complication rate using data
from larger number of RCT studies. The LSCT
appears to be a better option for primary pte-
rygium, although the AMT has its own advan-
tages. Patients can benefit from the AMT with
ocular surface reconstruction, such as exten-
sive conjunctival scarring and chemical injury,
or when future glaucoma surgery is required [1,
10]. Nevertheless, it should be noted that our
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study has some limitations. First, only publica-
tions written in English or Chinese were includ-
ed; thus, those in non-English or non-Chinese
were missing. Second, some studies had a rela-
tively small sample size, which needs further
validation.

In conclusion, our analysis showed that AMT
was superior to LSCT for the early stage of tear
film stability after primary pterygium excision,
while LSCT was more effective than AMT in
long-term postoperative tear film stability. The
LSCT had a shorter postoperative corneal epi-
thelial healing time than AMT. Furthermore, the
postoperative recurrence rate of primary pte-
rygium excision was lower in the LSCT than in
the AMT. Taken together, we suggest that the
postoperative recovery of primary pterygium
excision combined with LSCT may be better
than AMT. Further studies with larger sample
sizes, well-designed RCTs, and longer follow-
ups are needed to confirm our conclusion.
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Supplementary Figure 1. The sensitivity analysis of BUT 3 months post-surgery between the LSCT and the AMT
groups. Abbreviations: BUT: Tear Break-Up Time; LSCT: Limbal Stem Cell Transplantation; AMT: Amniotic Membrane
Transplantation.
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Supplementary Figure 2. The sensitivity analysis of BUT 6 months post-surgery between the LSCT and the AMT
groups. Abbreviations: BUT: Tear Break-Up Time; LSCT: Limbal Stem Cell Transplantation; AMT: Amniotic Membrane
Transplantation.
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Supplementary Figure 3. The sensitivity analysis of postoperative corneal epithelial healing time between the LSCT
and the AMT groups. Abbreviations: LSCT: Limbal Stem Cell Transplantation; AMT: Amniotic Membrane Transplanta-
tion.



