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Abstract
Purpose To evaluate the tear �lm stability after primary pterygium excision combined with Limbal stem cell transplantation (LSCT) or amniotic membrane
transplantation (AMT).

Methods We searched the PubMed, EMBASE, Web of Science, Cochrane Library, CNKI, Wan Fang and VIP databases for all studies on tear �lm stability after
primary pterygium excision combined with LSCT or AMT. The mean difference (MD) and 95% con�dence interval (CI) were calculated for outcomes using the
�xed effect or random effect model.

Results Seven studies with a total of 531 eyes were enrolled in our meta-analysis, which revealed that comparison between the LSCT group and the AMT
group: Ocular Surface Disease Index (OSDI) 3 months postoperatively (MD=-5.16, 95%CI:-6.48,-3.85, P 0.05), Tear break-up time (BUT) 1 or 3 months
postoperatively (1 month: MD=0.30, 95%CI:-0.66,1.26, P=0.54; 3 months: MD=1.30, 95%CI:-0.13,2.72, P=0.07), Schirmer I test 1 or 3 months postoperatively (1
month: MD=0.05, 95%CI:-0.41,0.51, P=0.82; 3 months: MD=1.41, 95%CI:0.81,2.02, P 0.05), Corneal �uorescein staining (CFS) score 1 month postoperatively
(MD=-0.49, 95%CI:-1.29,0.31, P=0.23).

Conclusion Primary pterygium excision combined with LSCT is associated with better tear �lm stability changes than AMT. 

Introduction
Pterygium is a wing-shaped �brovascular growth of the conjunctiva that extends across the limbus and invades the cornea [1]. It is a common ocular surface
disease and is extremely common in occurrence and worldwide distribution [2]. The exact pathogenesis of the injury is complex and remains incompletely
understood. It is associated with multiple risk factors such as ultraviolet light, age, hereditary factors, chronic in�ammation, microtrauma, and heat [3].
Pterygia can affect vision and cause redness, foreign body sensation, decreased tear �lm stability, and affected patients frequently have dry eye disease
(DED) symptoms [4].

The only effective method for the treatment of pterygium is surgery [5]. There are many surgical methods for pterygium. Each of these methods has its pros
and cons, and there is no gold standard for pterygium surgery. Common surgical methods for pterygium currently consist of surgical resection of the involved
area, followed by its coverage using conjunctiva with limbal stem cells or an amniotic membrane [6]. Limbal stem cells are located in the limbal epithelial layer
and are the ultimate source of the transparent corneal epithelium [7, 8]. Amniotic membrane transplantation (AMT) is increasingly used in ophthalmic surgery.
It can resist adhesions and is bene�cial in promoting epithelialization and inhibiting in�ammation and neovascularization [9]. Another advantage of AMT
application to the ocular surface is that it is an avascular tissue, which can effectively inhibit neovascularization during corneal surface reconstruction [10].
Limbal stem cell transplantation (LSCT) and AMT can both be used in pterygium surgery.

A stable anterior tear �lm is essential for ocular health, mainly because it creates a protective and lubricated environment for the tissues of the palpebral
bulbar surfaces [11]. Recent studies have demonstrated that pterygium has a close relationship with tear �lm stability. Although decreased tear �lm stability
has been reported as one of the risk factors for pterygium formation, pterygium itself also contributes to ocular surface instability [12]. Pathological
conjunctival, corneal or eyelid changes in pterygium can decrease tear �lm stability. Patients with pterygium have disturbances in tear quality, quantity, and
reduction of conjunctival goblet cell population [3]. One study showed that excision of pterygium could lead to an improved tear �lm stability [13]. The main
objective of this summary of our review is to report the comparison of tear �lm stability after primary pterygium excision combined with LSCT or AMT based
on the best available evidence.

Methods

Search Strategy
We searched the PubMed, EMBASE, Web of Science, Cochrane Library, CNKI, Wan Fang and VIP databases for all studies on tear �lm stability after primary
pterygium excision combined with LSCT or AMT. The Mesh and Entry terms were as follows: (“Tear �lm” OR “Dry Eye Syndromes”) AND (“Pterygium”) AND
(“Limbal stem cell”) AND (“Amnion” OR “Amniotic Membrane”) AND (“Transplant” OR “Graft” OR “Transplantation”) AND (“randomized controlled trial” OR
“randomized” OR “placebo”). The study selection process was shown in Fig. 1. The meta-analysis was performed according to the PRISMA statement and was
registered at International Prospective Register of System Reviews (CRD number: 42021265281: www.crd.york.ac.uk/PROSPERO/).

Selection Criteria
The inclusion criteria were: (1) Type of studies: Randomized controlled trials (RCT); (2) Type of participants: Patients with primary pterygium; (3) Interventions:
Pterygium excision combined with LSCT or AMT; (4) Acquisition of at least one of the outcome measures: 1 or 3 months postoperative Ocular Surface
Disease Index (OSDI), Tear break-up time (BUT), Schirmer test without anesthesia (Schirmer I test) and Corneal �uorescein staining (CFS) score. (5) Both
groups were comparable on outcome measures. Studies would be excluded if they did not meet the inclusion criteria.

Quality Assessment
Our team authors individually reviewed the risk of selection bias, performance bias, detection bias, attribution bias, reporting bias and other biases of each
included study using the Cochrane Risk of Bias Tool. Disagreements were resolved by our team authors by discussion. The risks of bias for 7 studies were

http://www.crd.york.ac.uk/PROSPERO/
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classi�ed as low, high, or unclear.

Data Extraction
Extracted information and data from the selected studies were as follows: the �rst author’s surname, year of publication, country, study type, sample size,
OSDI, BUT, Schirmer I test and CFS score. The outcome measures were continuous data, which we expressed as mean and standard deviation (SD).

Statistical Analysis
The mean difference (MD) and 95% con�dence interval (CI) were calculated for outcomes. Heterogeneity was estimated using the Cochrane I square (I2)
statistics and Q statistics. The �xed effect model was employed when low heterogeneity (I2 < 50%, P > 0.1). The sensitivity analysis was performed when
signi�cant heterogeneity (I2 > 50%, P < 0.1) was detected. The random effect model was adopted if heterogeneity could not be eliminated. Publication bias was
estimated using Begg’s and Egger’s tests. A p-value of less than 0.05 was considered statistically signi�cant. All analyses were down with RevMan version 5.3
and Stata version 15.1 software.

Results

Search Results
The speci�c selection process was shown in Fig. 1. Forty-four records were identi�ed through the initial electronic search, of which 23 reports were screened
after removing duplicates. Among the remaining studies, 8 were excluded because their titles and abstracts were irrelevant to our study. Then 8 studies were
excluded for other reasons: incomplete data reporting or inrigorous experimental design. Finally, 7 studies [14–20] were enrolled in our meta-analysis.

Characteristics of Included Trials
The 7 studies �nally included were published between 2013 and 2020, which provided a large sample size containing 531 eyes. Of these, 7 eligible studies
were all conducted in China, which included at least one of the outcome measures: OSDI, BUT, Schirmer I test and CFS score 1 or 3 months postoperatively.
The characteristics of all included studies were shown in Table 1. 
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Table 1
Main characteristics of all included studies

First
Author

Year Country Study
Design

Sample
size

OSDI BUT(s) Schirmer I test(mm/5min) CFS s

LSCT/AMT 3 months
postoperatively

1 month
postoperatively

3 months
postoperatively

1 month
postoperatively

3 months
postoperatively

1 mon
posto

Bai 2017 China RCT 32/34 - LSCT(11.56 ± 
3.82);
AMT(11.67 ± 
3.52)

LSCT(11.98 ± 
4.37);
AMT(12.01 ± 
3.00)

LSCT(11.31 ± 
3.82);
AMT(12.31 ± 
3.52)

LSCT(12.58 ± 
3.37);
AMT(12.01 ± 
3.07)

-

Chen 2018 China RCT 50/50 - LSCT(15.52 ± 
0.50);
AMT(10.30 ± 
0.51)

- LSCT(14.15 ± 
0.30);
AMT(13.13 ± 
0.31)

- LSCT
0.13);
AMT(
0.15)

Dai 2013 China RCT 20/20 - LSCT(8.30 ± 
1.46);
AMT(6.55 ± 
1.32)

LSCT(12.10 ± 
1.07);
AMT(11.85 ± 
1.09)

LSCT(12.98 ± 
0.85);
AMT(13.28 ± 
1.16)

LSCT(12.58 ± 
0.75);
AMT(12.93 ± 
1.00)

LSCT
0.89);
AMT(
0.95)

Hai 2019 China RCT 56/50 LSCT(11.43 ± 
5.84);
AMT(17.52 ± 
6.53)

LSCT(7.63 ± 
2.31);
AMT(6.82 ± 
1.68)

LSCT(12.20 ± 
2.73);
AMT(8.92 ± 
1.34)

LSCT(7.27 ± 
2.64);
AMT(6.75 ± 
2.19)

LSCT(9.68 ± 
3.03);
AMT(7.85 ± 
1.92)

-

Li 2020 China RCT 30/30 LSCT(12.88 ± 
2.97);AMT(17.63 
± 3.29)

- LSCT(12.31 ± 
2.24);
AMT(8.85 ± 
2.03)

- LSCT(9.82 ± 
2.44);
AMT(7.96 ± 
2.30)

-

Li 2015 China RCT 28/28 - LSCT(7.00 ± 
1.68);
AMT(7.64 ± 
2.34)

LSCT(12.64 ± 
2.45);
AMT(11.61 ± 
2.48)

LSCT(12.64 ± 
2.68);
AMT(11.64 ± 
1.73)

LSCT(14.39 ± 
2.67);
AMT(13.71 ± 
2.39)

-

Xu 2014 China RCT 54/49 - LSCT(11.5 ± 
1.8); AMT(12.0 
± 1.5)

LSCT(11.7 ± 
1.2); AMT(12.0 
± 1.6)

- - -

LSCT: Limbal stem cell transplantation; AMT: Amniotic membrane transplantation; OSDI: Ocular Surface Disease Index; BUT: Tear break-up time; CFS: Cornea
�uorescein staining; s: seconds; mm: millimeters; min: minutes

Quality Assessment
Although all studies were performed with randomization, only 2 studies described the randomization method [18, 19]. All trials lacked full description in the
aspects: allocation concealment and blind methods. Seven studies were low risk of bias in both incomplete outcome data and selective reporting. A summary
of the risk of bias judgments made by the review authors was shown in Fig. 2.

Quantitative Analysis

1. OSDI 3 months postoperatively
Two studies were conducted in the meta-analysis of OSDI outcomes [17, 18]. A total of 86 eyes were randomly allocated to the pterygium excision combined
with the LSCT group and 80 to the AMT group. Compared with the AMT group, the OSDI scores were decreased in the LSCT group. The difference was
statistically signi�cant (pooled MD=-5.16, 95%CI:-6.48,-3.85, P 0.05, �xed effect), with low heterogeneity (I2 = 0%, P = 0.597) (Fig. 3).

2. BUT 1 month postoperatively
Data on BUT 1 month postoperatively were obtained from 6 studies [14–17, 19, 20], and the forest plot was shown in Fig. 4. Pooled data from 240 eyes were
randomly allocated to the LSCT group and 231 to the AMT group. The heterogeneity test result showed signi�cant heterogeneity across studies (I2 = 99%,
P 0.1, �xed effect) (Fig. 4a). A sensitivity analysis was conducted for the 6 studies, and it was found that the study of Chen 2018 had a signi�cant effect on
the heterogeneity. After this study was removed, the pooled effect size of the meta-analysis varied considerably (Table 2). Therefore, the study of Chen 2018
was removed. The heterogeneity test was performed again, and the result showed that the remaining 5 studies still had high heterogeneity (I2 = 82%, P = 0.15,
�xed effect) (Fig. 4b). Finally, the random effect model was adopted for the study. Since the data and results of Chen 2018 were too heterogeneous compared
with the results of other studies, it was still excluded. The values of BUT were slightly increased in the LSCT group compared to the AMT group, but there was
no statistical difference (pooled MD = 0.30, 95%CI:-0.66,1.26, P = 0.54, random effect) (Fig. 4c).
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Table 2
The sensitivity analysis of BUT 1 month postoperatively

between the LSCT group and the AMT group
Study omitted Estimate [95% Conf. Interval]

Bai 2017 4.2349544 [4.0579343,4.4119749]

Chen 2018 0.28535509 [-0.10060638,0.67131656]

Dai 2013 4.2984462 [4.1185079,4.4783845]

Hai 2019 4.382339 [4.2013083,4.5633698]

Li 2015 4.3275676 [4.1489701,4.506165]

Xu 2014 4.5795312 [4.3962579,4.7628045]

Combined 4.1921792 [4.0160324,4.368326]

3. BUT 3 months postoperatively
Data on BUT 3 months postoperatively were obtained from 6 studies [14, 16–20], and the forest plot was shown in Fig. 5. Pooled data from 220 eyes were
randomly allocated to the LSCT group, and 211 eyes were assigned to the AMT group. According to the heterogeneity test in this study, it was prompted that
overall heterogeneity was high (I2 = 94%, P 0.1, �xed effect) (Fig. 5a). A sensitivity analysis was conducted for the 6 studies, and it was found that no matter
which study was removed, the change of pooled effect size was not signi�cant (Table 3). Therefore, we chose the random effect model for the study. The
values of BUT were increased in the LSCT group compared to the AMT group. However, the difference was not signi�cant (pooled MD = 1.30, 95%CI:-0.13,2.72,
P = 0.07, random effect) (Fig. 5b).

 
Table 3

The sensitivity analysis of BUT 3 months postoperatively
between the LSCT group and the AMT group

Study omitted Estimate [95% Conf. Interval]

Bai 2017 0.63652331 [0.41863605,0.85441053]

Dai 2013 0.56102991 [0.35146546,0.77059436]

Hai 2019 0.26760724 [0.0440308,0.49118367]

Li 2020 0.38559076 [0.17448317,0.59669834]

Li 2015 0.54535377 [0.33113432,0.75957322]

Xu 2014 0.79082412 [0.55961406,1.0220342]

Combined 0.52743134 [0.32883657,0.72602611]

4. Schirmer I test 1 month postoperatively
The data of Schirmer I test 1 month postoperatively were available from 5 studies [14–17, 19], and the forest plot was shown in Fig. 6. A total of 186 eyes
were randomly allocated to the LSCT group and 182 to the AMT group. The heterogeneity test was conducted, showing heterogeneity among the selected 5
studies (I2 = 82%, P 0.1, �xed effect) (Fig. 6a). A sensitivity analysis was conducted for the 5 studies, and it was found that the heterogeneity came from the
study of Chen 2018 (Table 4). Therefore, the study of Chen 2018 was removed. The heterogeneity test was performed again, and the result showed low
heterogeneity among the remaining 4 studies (I2 = 50%, P = 0.11, �xed effect) (Fig. 6b). Finally, the �xed effect model was employed for the study. The wetting
Schirmer paper strip’s measured length was increased slightly in the LSCT group compared with the AMT group. However, the difference was not signi�cant
(pooled MD = 0.05, 95%CI:-0.41,0.51, P = 0.82, �xed effect) (Fig. 6b).
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Table 4
The sensitivity analysis of Schirmer I test 1 month

postoperatively between the LSCT group and the AMT group
Study omitted Estimate [95% Conf. Interval]

Bai 2017 0.96717227 [0.85120273,1.0831418]

Chen 2018 0.05452737 [-0.4051609,0.51421565]

Dai 2013 1.002733 [0.88500863,1.1204573]

Hai 2019 0.96586663 [0.84921741,1.0825158]

Li 2015 0.95841461 [0.84213263,1.0746967]

Combined 0.95881356 [0.84309065,1.0745365]

5. Schirmer I test 3 months postoperatively
The data of Schirmer I test 3 months postoperatively were available from 5 studies [14, 16–19], and the forest plot was shown in Fig. 7. A pooled total of 166
eyes were randomly allocated to the LSCT group and 162 to the AMT group. According to the heterogeneity test, it was shown that there was signi�cant
heterogeneity among the 5 studies (I2 = 82%, P 0.1, �xed effect) (Fig. 7a). After conducting the sensitivity analysis, we found that when we excluded the study
of Dai 2013 (Table 5), there was no heterogeneity among the remaining 4 studies (I2 = 16%, P = 0.31, �xed effect) (Fig. 7b). The increased measured length of
wetting Schirmer paper strip in the LSCT group compared to the AMT group. The difference was statistically signi�cant (pooled MD = 1.41, 95%CI:0.81,2.02,
P 0.05, �xed effect) (Fig. 7b).

 
Table 5

The sensitivity analysis of Schirmer I test 3 months
postoperatively between the LSCT group and the AMT group
Study omitted Estimate [95% Conf. Interval]

Bai 2017 0.44222012 [0.0229817,0.86145854]

Dai 2013 1.4144325 [0.8135156,2.0153494]

Hai 2019 0.14910085 [-0.29784036,0.59604204]

Li 2020 0.26982006 [-0.16024075,0.6998809]

Li 2015 0.42733917 [0.00223994,0.85243839]

Combined 0.45084489 [0.04600235,0.85568742]

6. CFS 1 month postoperatively
Two studies were conducted in the meta-analysis of CFS outcomes [15, 16]. Seventy eyes were randomly allocated to the LSCT group and 70 to the AMT
group. Compared with the AMT group, the CFS score was decreased in the LSCT group, but there was no statistical difference (pooled MD=-0.49,
95%CI:-1.29,0.31, P = 0.23, random effect) (Fig. 8).

Publication Bias
The shape of the funnel plot revealed that the data of each outcome measure were symmetrical (Fig. 9), which was con�rmed by the Begg’s and Egger’s tests
(all P 0.05). Indicating that the results of each outcome measure in our meta-analysis did not show a publication bias.

Discussion
Pterygium is a common frequently ocular surface disease with a global prevalence of 12% [21]. Besides, pterygium is a multifactorial degenerative disease [1].
However, the etiopathology remains unclear. One of the primary risk factors of pterygium is exposure to ultraviolet light. The most effective method for the
treatment of this disorder is surgery. LSCT or AMT is commonly used for pterygium surgery. LSCT is better in terms of esthetic appearance and has less
recurrence rate than AMT [22]. Of course, AMT also has its advantages, which can be bene�cial in patients with ocular surface reconstruction, such as
extensive conjunctival scarring and chemical injury or those who may require future glaucoma surgery [1, 10]. A previous study showed that regardless of the
surgical approach, the tear �lm stability of patients after pterygium surgery is improved to varying degrees [13]. However, because the degree of tear �lm
stability improvement by the above two transplant means still showed con�icting results [14–20], we conducted this meta-analysis to provide a more robust
and accurate estimate of our study.

The present study elicited four main �ndings through subjective tests (OSDI) and objective tests (BUT, Schirmer I test and CFS score). First, the extracted data
from 7 studies revealed decreased DED symptoms (based on the OSDI) in the LSCT group compared to the AMT group (MD=-5.16, 95%CI:-6.48 -3.85, P 0.05).
Second, Improved tear �lm stability 1 or 3 months postoperatively (based on the BUT) in the LSCT group compared with the AMT group. However, none of the
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differences were signi�cant (1 month: MD = 0.30, 95%CI:-0.66,1.26, P = 0.54; 3 months: MD = 1.30, 95%CI:-0.13,2.72, P = 0.07). Third, Increased tear production
1 or 3 months postoperatively (based on the Schirmer I test) in the LSCT group compared with the AMT group. Among them, the results 1 month
postoperatively were not signi�cant (MD = 0.05, 95%CI:-0.41,0.51, P = 0.82), and the results 3 months postoperatively were statistically signi�cant (MD = 1.41,
95%CI:0.81,2.02, P 0.05). Finally, The LSCT group tended to show a decreased degree of DED symptoms (based on the CFS) compared with the AMT group.
However, the difference was not signi�cant (MD=-0.49, 95%CI:-1.29,0.31, P = 0.23).

Tear �lm stability is primarily assessed by BUT. Besides, OSDI, Schirmer I test and CFS score are also available for reference. As a subjective method, OSDI is
widely used to evaluate DED in clinical trials, measuring the frequency of symptom appearance, environmental conditions, and quality of life-related to vision
[23]. Although the score is produced subjectively, it is well-known that it has reliability and reproducibility compared with other objective tests [24]. Decreased
tear �lm stability can induce symptoms of DED. Therefore, subjective measures such as OSDI may be important indicators for evaluating tear �lm stability.
The BUT is the most commonly used clinical diagnostic test for tear �lm stability [25]. It measures the time interval between the complete blink and the
appearance of the �rst break in the tear �lm [23]. The Schirmer I test is a commonly used method for measuring tear production [23]. Tear osmolarity is a
function of tear secretion and tear evaporation [26]. Studies have shown that lower tear production can lead to higher tear osmolarity levels [27]. And there is
an interconnection between hyperosmolarity and tear instability [28]. Therefore, Schirmer I test can be used as an indirect assessment indicator of tear �lm
stability. CFS score is an informative marker of severe DED. However, patients with mild/moderate DED showed a poor correlation with CFS score [29]. Thus, it
may be poorly linked with mild tear �lm instability.

This study has several limitations. First, most of the included studies had a relatively small sample size. It may be caused by the search was restricted to
articles written in English or Chinese, so some compliant studies not written in English or Chinese may be excluded. Second, our meta-analysis involved only a
Chinese population. One possible reason was that there were few studies in other countries on improving tear �lm stability after pterygium surgery comparing
LSCT with AMT.

In conclusion, our study showed that the OSDI and Schirmer I test 3 months postoperatively of the LSCT group were better than those of the AMT group with
statistical signi�cance. We can preliminarily suggest that tear �lm stability after primary pterygium excision combined with LSCT is superior to AMT. Further
studies with larger sample sizes, well-designed RCTs, and longer follow-up are needed to con�rm the results reported in our meta-analysis.
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Figure 1

Flow diagram of studies selection
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Figure 2

Cochrane risk of bias graph and summary a: Risk of bias graph: authors’ judgments about each risk of bias item presented as percentages across all included
studies; b: Risk of bias summary: authors’ judgments about each risk of bias item for each included study

Figure 3

Forest plot of OSDI 3 months postoperatively between the LSCT group and the AMT group
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Figure 4

Forest plot of BUT 1 month postoperatively between the LSCT group and the AMT group a: Results based on the �xed effect model in 6 studies; b: Results
based on the �xed effect model in 5 studies; c: Results based on the random effect model in 5 studies
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Figure 5

Forest plot of BUT 3 months postoperatively between the LSCT group and the AMT group a: Results based on the �xed effect model in 6 studies; b: Results
based on the random effect model in 5 studies

Figure 6
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Forest plot of Schirmer I test 1 month postoperatively between the LSCT group and the AMT group a: Results based on the �xed effect model in 5 studies; b:
Results based on the �xed effect model in 4 studies

Figure 7

Forest plot of Schirmer I test 3 months postoperatively between the LSCT group and the AMT group a: Results based on the �xed effect model in 5 studies; b:
Results based on the �xed effect model in 4 studies

Figure 8

Forest plot of CFS 1 month postoperatively between the LSCT group and the AMT group
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Figure 9

Funnel plot of each outcome measure between the LSCT group and the AMT group a: Results of OSDI 3 months postoperatively; b: Results of BUT 1 month
postoperatively; c: Results of BUT 3 months postoperatively; d: Results of Schirmer I test 1 month postoperatively; e: Results of Schirmer I test 3 months
postoperatively; f: Results of CFS 1 month postoperatively


